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Summary of Features of the Root Zone Component
Versions

IWFM Demand Calculator 2015 (IDC-2015) provides access to two different versions of the
root zone flow computation schemes. For a given application, the user is supposed to choose
one of these versions.

To aid the user in choosing the right component version, below is a summary of the

simulation capabilities these root zone component versions offer.

Version Capabilities

4.0 e Simulation of non-ponded and ponded (rice and managed refuges) crops, urban lands, native
and riparian vegetation at each element

e Simulation of generic moisture (seepage from extra source of water, fog, etc.)

¢ Ability to deliver water to an element, group of elements or a subregion to meet water
demand

e Ability to compute physical crop water demand dynamically based on crop, irrigation
management, soil and atmospheric conditions or to pre-specify water demand to represent
contractual demand

4.01 o All features listed for version 4.0 above

e Optional Z-Budget output for root zone as well as land and water use budgets for zone
budget generation

41 o All features listed for version 4.0 above

e Simulation of riparian vegetation access to stream water to meet all or part of their
evapotranspirative water demand

e Simulation of root water uptake from groundwater that meets part or all of the plant
evapotranspirative demand

4.11 o All features listed for version 4.1 above

e Optional Z-Budget output for root zone as well as land and water use budgets for zone
budget generation

50 ¢ Simulation for agricultural water demand, root zone and land surface flow processes for an
average, representative crop

e Agricultural and urban water demand simulated at subregion level

¢ Ability to compute physical crop water demand dynamically based on crop, irrigation
management, soil and atmospheric conditions or to pre-specify water demand to represent
contractual demand

viii |  IWFM Demand Calculator, IDC-2015
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1. Introduction

In developed watersheds, the stresses on surface and subsurface water resources are
generally created by groundwater pumping and surface water deliveries to satisfy
agricultural and urban water requirements. The application of pumping and surface
water deliveries to meet these requirements also affects the surface and subsurface
water system through recharge of the aquifer and surface runoff back into the
streams. The agricultural crop water requirement is a function of climate, soil and
land surface physical properties as well as land use management practices which are
spatially distributed and evolve in time. In almost all integrated hydrologic models
pumping and surface water deliveries are specified as predefined stresses and are not
included in the simulation as an integral and dynamic component of the hydrologic
cycle that depend on other hydrologic components as well as water resources
operational practices. On the other hand, in irrigation scheduling models that route
the moisture through the root zone and compute the irrigation water requirement
based on the moisture content, the root zone is completely detached from the rest of
the hydrologic cycle. These models generally assume that the water demand is
always met and they cannot simulate the effect of extreme hydrologic and
operational conditions that may limit the pumping and surface water deliveries.
Therefore, both integrated hydrologic models and irrigation scheduling models can
be coupled to benefit from each other’s features. This document discusses a new
model developed by the California Department of Water Resources (CADWR) that
estimates the irrigation water requirements and route the soil moisture through root
zone in the context of integrated hydrologic modeling.

Integrated hydrologic modeling has received much attention in the last few
decades. Models such as PRMS (Leavesley et al. 1983), MIKE SHE (DHI 1999),
SWATMOD (Sophocleous et al. 1999), WEHY (Kavvas et al. 2004 ), GSFLOW
(Markstrom et al. 2008), IWFM (Dogrul 2017a), HydroGeoSphere (Therrien et al.
2009) and Modflow with Farm Process (Schmid et al. 2009) are developed to route
the water through the components of the hydrologic cycle and to simulate the
interactions between them. Integrated hydrologic models include the simulation of
the land use based runoff processes and the plant consumptive use, and their effects
on surface and subsurface flow dynamics. However, except for IWFM, Modflow
with Farm Process and SWATMOD, they do not simulate agricultural and urban

water demands and the conjunctive use of surface and subsurface water resources to
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meet these demands. Essentially, they are descriptive models; i.e. given all the
stresses on the hydrologic system modeled, they describe where and how fast the
water flows.

However, having to pre-specify the stresses such as pumping and surface water
deliveries may pose difficulties in a modeling study. For instance, in the State of
California pumping records are proprietary or not measured and often are
unavailable. Therefore, for a historical or a calibration model run, the modeler is
required to estimate the historical pumping rates to meet an externally computed
demand. For instance, Williamson et al. (1989) used electric power records to
estimate the historical groundwater pumping in the Central Valley of California.
However, such approaches may introduce additional uncertainties to the simulation.
On the other hand, in a projection model run where future hydrologic and water
resources operational conditions are simulated, pre-specifying pumping and surface
water deliveries is almost impossible. First, the agricultural and urban water
requirements that pumping and surface water deliveries are used to meet are not
known until after the future conditions are actually simulated. Second, amount of
pumping and surface water deliveries may be limited by physical (aquifer storage,
stream flow capacity, etc.) and contractual limitations which will affect agricultural
and urban water requirements, in turn affecting the flow dynamics. This suggests
that pumping and surface water deliveries in a projection model run are dynamic
and depend on other components of hydrologic cycle simulated. They cannot be
pre-specified and can only be simulated as an integral part of the evolving hydrologic
cycle, and irrigation and urban water requirements that depend on the cycle.

Another type of modeling tool, irrigation-scheduling-type models, treats the
root zone component of the hydrologic cycle as detached from other components.
Given the climatic, soil and crop properties, these models simulate the evolution of
the soil moisture in the root zone and the agricultural water requirement that
depends on the soil moisture content (Kincaid and Heerman 1974, Camp et al.
1988, Smith 1991, George et al. 2000, Orang et al. 2004, Snyder et al. 2004, Raes et
al. 2009). Generally, these models include a complex representation of the flow
dynamics in the root zone and solve a soil moisture balance equation. Some of these
models can also be used in evaluating the effect of different farm management
scenarios such as regulated deficit irrigation on crops and in computing leaching
requirements (Tayfur et al. 1995, Corwin et al. 2007, Heng et al. 2009).

IWFM Demand Calculator, IDC-2015
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Because of the treatment of the root zone as a component disconnected from
the rest of the hydrologic cycle, irrigation-scheduling-type models cannot address
situations where applied water is different than the crop irrigation water
requirement in a dynamic sense. Similar to the integrated hydrologic models, they
require applied water to be pre-defined. The pre-defined applied water can be
assumed equal to the crop irrigation requirement, it can be pre-defined as being less
than the irrigation requirement to simulate deficit irrigation conditions, or it can be
defined to be greater than the irrigation requirement. However, it is not possible to
simulate conditions where, throughout the simulation period, aquifer storage or
stream flows are depleted such that the pre-defined applied water cannot be met.
Another drawback of irrigation-scheduling-type models is that they cannot be
calibrated or verified when they are used in regional scale applications. Since they
are not connected to the stream network or the underlying aquifer system, it is
generally not possible to verify the accuracy of the simulated percolation or the
simulated surface runoff due to irrigation and precipitation.

In general, the two types of modeling approaches, integrated hydrologic and the
irrigation-scheduling-type models, can benefit from each other’s capabilities if they
are coupled. Integrated hydrologic models need a root zone component that is
developed in an irrigation-scheduling-type approach that responds to the hydrologic
and farm operational conditions, and compute corresponding water demands. On
the other hand, irrigation-scheduling-type models need to be connected to the rest
of the hydrologic cycle through coupling with an integrated hydrologic model to
receive feedback from the aquifer system and the stream network in terms of
simulated pumping and surface water deliveries that are actually available.

CADWR has been developing and maintaining the Integrated Water Flow
Model (IWEM), a surface-subsurface hydrologic model that couples the integrated
hydrologic modeling approach with a root zone component that uses the irrigation-
scheduling-type approach (CADWR 2018). Over the years, both INFM as a whole
and its root zone component have evolved to incorporate accurate simulation
techniques and to address the issues CADWR have been facing. The root zone
simulation engine of IWFM is designed such that it can either be used as a stand-
alone irrigation-scheduling-type model or can easily be linked to integrated
hydrologic models other than IWFM.

The stand-alone root zone modeling tool is named as IWFM Demand

Calculator (IDC). As a stand-alone modeling tool, IDC assumes that the applied
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water is equal to the computed irrigation water requirements. When IDC’s
underlying root zone simulation engine is linked to IWFM or any other integrated
hydrologic model, applied water is defined as the sum of simulated pumping and
surface water deliveries computed by the integrated hydrologic model. In this case,
depending on the state of the aquifer and the stream flows, the applied water can be
equal or less than the water demand computed by the root zone simulation engine.
The percolation, surface runoff due to precipitation and irrigation return flow
computed by the root zone simulation engine are passed to the integrated
hydrologic model as stresses to the aquifer and the stream network.

This document describes the methods used in IDC (the stand-alone version of
the root zone simulation engine) to solve the soil moisture balance in the root zone
and to compute agricultural and urban water demands. However, this document
should also serve as a guide for the simulation engine when linked to integrated
hydrologic models since the methods as well as the input and output data files

remain exactly the same.

2. Computational Framework

A computational grid is required when using IDC to compute irrigation water
requirements and route moisture through the root zone. This computational grid
can be a regular grid (such as a finite difference grid) or an irregular grid (e.g. a finite
element grid). However, IDC expects the computational grid to be defined in a
manner similar to a finite element grid; i.e. cells and the node numbers that
surround each cell should be listed along with the coordinates of the nodes (it
should be noted that finite difference grids can easily be defined in this manner).
Grid cells are grouped into subregions that are defined by the user. These
subregions may represent different types of boundaries and scales (e.g. hydrologic
regions, water districts, counties, regions where irrigation and water management
data are collected, etc.) depending on the requirements of the IDC application.
Although IDC requires a computational grid to be defined, it does not use the finite
element or the finite difference approach to solve the conservation equation for the
soil moisture in the root zone. The reasons for and benefits of using a computational
grid are explained later in this section.

Each grid cell area is distributed between native and riparian vegetation, urban,

rice, refuge (specifically wetland refuges for waterfowl) and user-specified number
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of non-ponded agricultural crop lands. Rice lands are further distributed between
lands where rice residue is decomposed by flooding (flooded decomp), where it is
decomposed without any flooding (non-flooded decomp) and where it is not
decomposed at all. Refuges are divided into two groups of seasonal and permanent
refuges. Rice and refuge lands are collectively referred to as ponded crop lands. Even
though refuges are not agricultural crops, the refuge ponds are managed in a way
that is similar to rice ponds, allowing the simulation methods for rice fields to be
used for refuges as well. For this reason, refuges are included in the ponded-crop
category in IDC. Non-ponded crops are agricultural crops that are not grown in
standing water like rice. The number of non-ponded crops simulated in an IDC
application is specified by the user. Therefore, in an IDC application where there are
N number of non-ponded crops, the total number of land use types that are
simulated at each grid cell will be equal to N+8 (N for non-ponded crops, S for
ponded crops, 1 for urban, 1 for native vegetation and 1 for riparian vegetation).
Even though N+8 land use types are simulated, a grid cell can have the area of one or
more land use types set to zero. This tells IDC that those land use types do not exist
in that grid cell and the simulation of these land use types is skipped. IDC allows
time series land use areas defined for each grid cell, so a particular land use type that
does not exist in a grid cell in earlier times of the simulation period can exist in the
same cell in the later times, or an existing land use type can disappear from a cell
(this feature allows, for instance, to simulate the effects of agricultural lands and
native vegetation areas being converted into urban lands).

IDC computes applied water demands for ponded and non-ponded crops at
each grid cell under user-specified climatic and irrigation management settings.
Urban water demand is computed based on user-specified population and per-
capita water usage. Native and riparian vegetations are not irrigated; therefore
applied water demands for these land use types are not computed.

For all land-use types precipitation as well as applied water, if any, is routed
through the root zone. Any surface runoff due to precipitation and irrigation
generated at each cell is routed to a subregion, to another grid cell or to outside the
model area, depending on the choice of the user. Any surface runoff that is routed to
a subregion or grid cell becomes part of the applied water in that subregion or cell.

IDC is written in Fortran 2003 using an object-oriented programming
approach. It consists of i) input data files, i) output data files, iii) the numerical

engine that reads data from input files, computes applied water demands, routes
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water through the root zone and prints out the results to output files, and iv) a user
interface that utilizes an ASCII text file that allows the user to define input and
output files and simulation control data for the numerical engine (Figure 1).

Although IDC does not use finite difference or finite element methods to solve
the conservation equation in the root zone, being able to operate on a grid as well as
its object-oriented design brings several advantages:

i. The computational grid allows better representation of spatially-distributed
data such as potential evapotranspiration, precipitation, soil characteristics,
etc.

ii. Being able to operate on computational grids allows IDC to easily couple
with other numerical engines that operate on computational grids such as
groundwater models.

iii. The object-oriented design allows easy re-compilation of the numerical
engine into a dynamic link library (DLL) which allows easy coupling to

other hydrologic, biological and environmental numerical engines such as

Figure 1. Software components of IDC
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Data Files Data Files

IWFM Demand Calculator, IDC-2015



IWFM Demand Calculator
IDC-2015

Computational Framework

those that comply with Open Modeling Interface (OpenMI) standards
(Gregersen et al. 2007, Goodall et al. 2007).

iv. Easy coupling to numerical engines that simulate other components of the
hydrologic cycle allows calibration of model parameters (e.g. soil hydraulic
conductivity, soil and irrigation management parameters that play a role in
the generation of surface runoff, etc.) through the use of widely available
observation data (e.g. groundwater elevations and stream flows).

The methods used by IDC to compute water demand and route moisture
through root zone at a regional level, and the design of the computational
framework make IDC a unique tool.

IDC provides several different versions of root zone component with slightly
different simulation features. Table 1lists the simulation capabilities included with
each version of the root zone components. It is expected that as the need for
different simulation capabilities arises in the future, IDC will be extended to provide
more versions of root zone components with the desired features. It should be noted
that some of the features listed in Table lare available only when IDC is linked to an
integrated hydrologic model such as IWFM (CADWR 2018).

In the following sections, flow routing and water demand calculations as well as
the input and output data files in each version of root zone component will be

explained.

3. Root Zone Component Version 4.0

3.1.  Soil Moisture Routing

Precipitation is generally the natural source for the soil moisture in the root zone.
Precipitation that falls on the ground surface infiltrates into the soil at a rate dictated
by the type of ground cover, physical characteristics of the soil and the moisture that
is already available in the soil. The portion of the precipitation that is in excess of the
infiltration rate generates a surface flow. In IDC, this surface flow is termed as direct
runoff. Irrigation of agricultural lands and urban outdoors such as lawns and parks
can also generate surface flows. Surface flows due to irrigation are termed as return
flows in IDC. Part of the precipitation and irrigation evaporate before infiltrating
into the soil. Infiltration due to precipitation and irrigation replenish the soil

moisture in the root zone which is also depleted through plant root uptake for
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Table 1. Version numbers and simulation capabilities for the root zone component

Version Capabilities

4.0 Simulation of non-ponded and ponded (rice and managed refuges) crops, urban lands, native
and riparian vegetation at each element
Simulation of generic moisture (seepage from extra source of water, fog, etc.)
Ability to deliver water to an element, group of elements or a subregion to meet water
demand
Ability to compute physical crop water demand dynamically based on crop, irrigation
management, soil and atmospheric conditions or to pre-specify water demand to represent
contractual demand

4.01 Al features listed for version 4.0 above
Optional Z-Budget output for root zone as well as land and water use budgets for zone budget
generation

41 Al features listed for version 4.0 above
Simulation of riparian vegetation access to stream water to meet all or part of their
evapotranspirative water demand
Simulation of root water uptake from groundwater that meets part or all of the plant
evapotranspirative demand

411 Al features listed for version 4.1 above
Optional Z-Budget output for root zone as well as land and water use budgets for zone budget
generation

50 Simulation for agricultural water demand, root zone and land surface flow processes for an

average, representative crop
Agricultural and urban water demand simulated at subregion level

Ability to compute physical crop water demand dynamically based on crop, irrigation
management, soil and atmospheric conditions or to pre-specify water demand to represent
contractual demand

8 |

transpiration and additional evaporation from the top layers of the soil. The

transpiration through the plants and evaporation from the land surface as well as the

top layers of the soil are all simulated as a single evapotranspiration term in IDC. In

general, moisture in the root zone can move in horizontal as well as the vertical

directions. In IDC, it is assumed that the horizontal movement of the moisture is

negligible compared to the vertical movement. Therefore only the flow of the

moisture in the vertical direction is addressed. The moisture that leaves the root

zone through its bottom boundary is termed as percolation.

IDC uses a physically-based approach to compute the flow terms mentioned

above and to route the soil moisture through the root zone. For a particular land use
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type at a grid cell, the conservation equation for the soil moisture discretized in time

is
et+lzt+1 — etZt

+At(Pt+1 _ R};H +AEA-IH —R?l LGttt _D§+1 _ Pé+1 —ETHI)

t+1
+A0,
(1)
and
0! =05 +05" +og" (2)
0'=0p+0y +6g (3)
1 1 1
Rf™ =R —U™ (4)
where
Op = soil moisture content due to precipitation (L/L),
0y,  =soilmoisture content due to applied water (L/L),
0g = soil moisture content due to a generic, user-defined moisture inflow
(L/L),
0 = total soil moisture content (L/L),
Z = rooting depth (L);
P = rate of precipitation (L/T),
Rp = direct runoff (L/T),
A, = applied water, i.e. irrigation (L/T),
Reini = initial return flow (L/T),
U = re-used portion of the initial return flow (L/T),
R¢ = net return flow after re-use takes place (L/T),
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G = a generic, user-defined moisture inflow to represent any source of

moisture other than precipitation or irrigation (L/ L/ T) ,

D, = outflow due to the draining of rice and refuge ponds (L/T),
Pc = percolation (L/T),

ET = evapotranspiration (L/T),

A8, = change in soil moisture due to change in land use area (L),
t = the time step index (dimensionless),

At = simulation time step length (T).

These flow terms are depicted in Figure 2. The soil moisture in equation (1) is
represented as a summation of moisture due to precipitation and applied water in
order to keep track of the contribution of applied water to crop evapotranspiration
which is termed as ET of applied water (ETaw) by irrigation practitioners.

Equation (1) is solved for each land use type at each grid cell. In equation (1),
0! and 0" are generally less than the total porosity, O, except for rice and refuge
lands where ponding is possible. In these areas, it is assumed that the rooting depth
is constant (Z*' = Z"), that 6 can be computed to be greater than 01, and the
difference between the 0 and Or represents the depth of the pond. Therefore, for
rice and refuge areas, 0Z is not truly the stored soil moisture in the root zone; it

represents the sum of the soil moisture and the depth of the ponded water.

Figure 2. Schematic representation of root zone flow process simulated with IDC

ET
P

!

D: U
¢ G

P-R,
Rp ‘ —R¢ R¢

Aw
Root Zone /

IWFM Demand Calculator, IDC-2015

Aw

¥ pe



IWFM Demand Calculator

IDC-2015

Root Zone Version 4.0

In the following sections, the simulation of the flow processes illustrated in
Figure 2 will be discussed. For simplicity, time indices t and t+1 are dropped, when

appropriate, from the flow notations in the rest of this document.

3.1.1.  Precipitation, P

Precipitation is a user-input time series data for each grid cell.

3.1.2. Direct Runoff, Rp

IDC uses a modified version of SCS curve number (SCS-CN) method (USDA
2004 ) described by Schroeder at al. (1994):

_ 1 (PAt-0.28)
P At PAt+0.8S (5)
or -
Smax| 1— éf for 0 > L
0 ——f
T
S= (6)
S max for 6" <67f
1000
Smax :C—N—IO (7)

where CN is the curve number specified for a combination of land use type, soil type
and management practice (dimensionless), Sm is the soil retention parameter for
dry antecedent moisture conditions (L), S is the soil retention parameter at a given
moisture content (L), O is the field capacity (L/L) and Or is the total porosity
(L/L). Equations (S) - (7) state that when root zone moisture is below half of field
capacity direct runoff is at a minimum as computed by the SCS-CN method. As the
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soil moisture increases above half of field capacity the retention capacity of the soil
decreases and direct runoff increases.

Equations (5) - (7) are not used for areas such as rice and refuge ponds, and
impervious urban areas (parking lots, roof tops, etc) where the infiltration of
precipitation is not possible. For these areas entire precipitation becomes direct
runoff. For rice lands and seasonal refuges, the ponds are temporary. Therefore,
equations (S) - (7) are used during the period when ponds do not exist whereas the
entire precipitation is converted into direct runoff during ponding season.

The total direct runoff that leaves a grid cell is the summation of direct runoff

from all the agricultural and urban areas at the cell.

3.1.3. Applied Water, Aw

The main purpose of IDC is to compute dynamically the applied water for
agricultural lands that will meet the crop evapotranspirative requirements in climatic
and agricultural management settings defined by user-input parameters. The
detailed discussion for the computation of applied water is given later in this
document. Aside from being able to calculate it, IDC also allows the user to specify
applied water. For instance, the amount of applied water may be dictated by
contractual agreements rather than the crop evapotranspirative requirements. In a
historical simulation, the amount of applied water may be available as historical
records whereas in a projection run it will need to be computed. To be able to
address such situations, IDC allows the user to specify some or all of the applied
water amounts for each agricultural land use at each grid cell as time series input
data. Applied water for any agricultural land use that is not assigned user specified
values is computed by IDC.

In general, urban applied water to meet municipal and industrial water demand
as well as demand for urban outdoors is calculated in terms of rate of water use per
capita (e.g. CADWR 2005). For this reason, IDC does not attempt to compute the
applied water for urban lands; instead, it is always a user-specified time series input
data for urban lands at each grid cell. Urban areas are divided into pervious (lawns,
parks and any unpaved outdoor areas) and impervious (roof tops, paved areas such
as parking lots) areas. Applied water for urban areas is divided into two parts

through user-specified time series fractions to meet the urban outdoors water
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demand at pervious urban lands, and municipal and industrial water demand at
impervious urban lands.

Native and riparian vegetation rely on precipitation alone (the contribution of
groundwater to ET of riparian vegetation is not simulated in IDC). Therefore,
applied water for these areas is always taken to be zero.

Applied water is computed by IDC or specified by the user for each agricultural
and urban land use at each grid cell. It consists of two components: i) surface runoff
(combination of return flows due to irrigation, direct runoff due to precipitation,
and drainage from rice and refuge ponds) that is generated at an upstream grid cell
and used as irrigation water at the grid cell in consideration, and ii) water acquired
from other sources such as streams and groundwater (stream flows and groundwater
system are not simulated by IDC since IDC only considers the domain that consists
of the root zone and the land surface that is separated from the rest of the hydrologic
cycle). Another component that can be used to meet the crop evapotranspirative
requirements as well as the urban indoors and outdoors water requirements is the
re-use of captured return flow, U, in a grid cell (see Figure 2). This component is not
included in the definition of the applied water to properly satisfy the statement of
conservation of mass. To make a distinction between applied water with and
without the re-use component, the applied water without the re-use component, U,
is termed as prime applied water (i.e. A as discussed in this section), and the applied

water that includes U is termed as the total applied water.

3.1.4. |Initial Return Flow, Rsin;

Initial return flow is specified by the user as a time series fraction of the prime
applied water, A,, for each non-ponded agricultural crop and urban land use area at

each grid cell:
Rf,ini = Iﬁ‘/\/fI{fyln1 (8)

where fRf __ is the initial return flow fraction (dimensionless). For urban lands, the

initial return flow fraction only applies to the portion of the applied water that is
allocated for the urban outdoors. The applied water that is allocated for urban

indoors usage is assumed to become return flow completely.
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For rice and refuge areas initial return flow is specified by the user as a time
series unit flow rate. Generally, irrigation methods for rice require an additional
amount of water to be applied to sustain flow-through type irrigation systems
(Williams 2004) where water supplied to the top-most rice field sequentially floods
each successive field as it makes its way to the lowermost basin. For refuges,
additional water may be necessary to keep the water in the refuge ponds moving to
control water quality and algae growth.

For areas with native and riparian vegetation, Rgj,; is zero since applied water for

these areas is zero.

3.1.5. Re-use of Return Flow, U

Re-use of return flow is specified by the user as a time series fraction of the prime
applied water, A,, for each non-ponded agricultural crop and urban land use area at

each grid cell:
U= Awa (9)

where fy is the re-used return flow fraction (dimensionless). Since re-used amount
of return flow cannot be larger than the return flow itself, the re-use fraction must be
less than or equal to the initial return flow fraction.

Similar to initial return flow, re-use is specified as time series unit flow rate for
rice and refuge areas.

U simulates the re-use that occurs in a single grid cell. In an IDC application, a
single grid cell can be large enough to cover multiple farms. In this case, U
represents the total return flow from upstream farms that is captured and re-used by
the downstream farms in the same grid cell. Another type of re-use occurs when the
return flow from a grid cell crosses the cell boundary and flows into a downstream
grid cell where it is captured and re-used. This type of re-use is not included in the
term U. Instead, as discussed earlier, it becomes part of the prime applied water, A,

for the downstream grid cell.

3.1.6. Net Return Flow, Rs
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As shown in equation (4), the net return flow, Ry, is the difference between the initial
return flow, Rei; and the re-used return flow, U. Substituting equations (8) and (9)

into equation (4), R¢can also be represented as
R¢ :AW(fRf,mi —fU) (10)

Equation (10) is valid for non-ponded agricultural lands as well as urban areas.
Equation (10) is not used for ponded crops since re-use and initial return flows are
specified explicitly.

The total net return flow that leaves a grid cell is the summation of all return

flows from all the agricultural and urban land areas at that cell.

3.1.7. Generic Moisture Inflow, G

Generic moisture inflow, G, is included in equation (1) to represent any moisture
inflow into the root zone due to a source other than precipitation or irrigation. It is a
user-defined time-series data set specified for each computational grid cell. It is
given as a unit rate of inflow per unit length of the rooting depth (L/L/T) of the
land use type that is being considered. IDC multiplies G by the rooting depth and
the length of the simulation time step to convert it into units of length.

It is expected that G will be set to zero in most IDC applications. However, it
can be used in cases where the user has estimates of moisture inflow into the root
zone from sources other than precipitation and irrigation. For instance, seepage
through the levees into the islands of California’s Sacramento-San Joaquin Delta can
be represented through G. Another possibility to utilize G is to simulate the effects

of fog on meeting the evapotranspirative crop demands.

3.1.8. Drainage of Rice and Refuge Ponds, D:

Rice ponds and seasonal refuges are drained during certain periods of the year. Rice
ponds are drained for harvesting at the end of the growing season. Some rice fields
may be re-flooded to decompose the rice residue as well as to create habitat for
wildlife. Before the growing season begins, these fields are drained again. Similarly,

seasonal refuge ponds can be periodically drained to create space for other types of
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land usage such as farming during growing season. IDC allows the user to simulate
such land management practices by requiring time series ponding depths for rice
and refuge areas. Any time the ponding depth specified for a time step is less than
that specified for the previous time step, IDC computes a unit rate of pond drainage

as

pt _pt+l
D?l:DA—DZO (11)
t

For land use types other than rice and refuges, pond drainage is equal to zero.

3.1.9. Percolation, Pc

Percolation is the amount of vertical moisture flow that leaves the root zone through

its lower boundary. IDC uses a one-dimensional physically-based routing approach

to compute Pc:

dh(et+lzt+l )

" (12)

P(t:+1 _ K(6t+lzt+1 )
where K is the unsaturated hydraulic conductivity as a function of soil moisture
(L/T), his the pressure head (L), and z is the vertical distance measured from land
surface (L). Assuming that the vertical head gradient is unity, using van Genuchten-
Mualem equation (Mualem 1976, van Genuchten 1980) and assuming residual

moisture content is negligible, equation (12) can be re-written as

2

6t+1 % et+1 %n m
P(tZH =PCt3tc11c+Ks I-11- (13)
O O
and
m= % (14)
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et(zt _Zt+l) i 7t st
1
Pcti'_dc = (15)

0 otherwise

where K is the saturated hydraulic conductivity (L/T) and A is the pore size
distribution index (dimensionless).

Equation (15) shows that when the rooting depth is decreasing, generally at the
harvest time, any moisture that falls outside the rooting depth is converted into
percolation. However, it should be noted that setting the rooting depth, Z, to zero
outside of cropping season will cause incorrect results as IDC will assume that soil
has zero storage capacity and will convert all precipitation to either percolation or
direct runoff. Therefore, it is important to specify a non-zero rooting depth even
outside the growing season to properly represent the moisture storage capacity of
the soil. Alternatively, one can assume constant rooting depth throughout the entire
simulation period. Preliminary tests have shown that although changing rooting
depth has an impact on the flow terms as well as the computed water demands at
short time periods that are on the order of a few days, over the entire cropping
season its cumulative impact is small.

As an alternative to the van Genuchten-Mualem equation, IDC can use
Campbell’s approach (Campbell 1974) to represent the unsaturated hydraulic

conductivity:

(16)

2
et+1 3+X
T

t+1 t+1
Pc ™ =Pcrgc + Ks( )

where the assumption of negligible residual moisture content is applied.

3.1.10. Evapotranspiration, ET

Calculations of ET are based on the potential ET, ET,q, values specified by the user

as time series data for each land use and grid cell combination. Although ET,. values
can be taken as the crop ET under standard conditions, ET., described by Allen et al.
(1998), they can also be taken as the crop ET under non-standard conditions, ET .,
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also described by Allen et al. (1998), to incorporate conditions such as non-uniform
irrigation, low soil fertility, salt toxicity, pests, diseases, etc (except the case where
the plants are water stressed because of lack of sufficient water; this situation is
simulated dynamically in IDC as discussed below).

IDC computes ET as a function of the soil moisture in the root zone:

et+1_e
t+1 . wp
ETpOt if W>l
2
et+1_e et+1_e
f—Ywp f—Ywp
=) =)
6t+1_e
0 if ——P <0
B By

where 0, is the wilting point (L/L) and 6¢ —0,,,, is the total available water

wp
(TAW) (Allen et al. 1998). Equation (17) suggests that if the soil moisture at a

given time step is greater than half of TAW, ET will be equal to ET .. If the soil
moisture falls below half of TAW, plants will start experiencing water stress and ET
will be less than ET . Below wilting point, the ET rate will be zero. The method
described by equation (17) is similar to the method described in Allen et al. (1998)
to compute a non-standard crop ET under water stress conditions. In Allen et al.
(1998), a water stress parameter, p, is defined for each crop which represents the soil
moisture content below which the crop starts experiencing water stress. In equation

(17), p is taken as 0.5 regardless of the plant type.

3.1.11. Change in Soil Moisture due to Change in Land Use Area,
AGH
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IDC allows the user to specify areas for each land use type at each grid cell as time
series data. Equation (1) is solved and soil moisture is tracked for each land use type
at each cell. Due to different crop characteristics and management practices for each
land use, soil moisture will be different for different land use types. To satisfy the
global conservation of mass at the modeled domain, it is necessary to keep track of

the soil moisture that is exchanged between different land use types as the areas

change through the simulation period. A, is the term that represents this exchange
of soil moisture between different land use types.

As an example consider a total of n land use types defined for a grid cell with

corresponding areas defined at time step t and t+1 as A} and A}H , respectively,

wherei=1,...,n. For land use types whose areas decline or stay the same A6, will be
zero (volumetric soil moisture storage will be less for land use types whose areas
decrease, but soil moisture depth will be the same for these land use types). On the
other hand, land use types whose areas increase will adopt new soil moisture from

land use types whose areas diminish. For a land use type j whose area increases by
A=A -A>0 (18)

the change in soil moisture due to area change, A0, ;,is computed as

a,j’

Y A[0Z;

Atgtztias i
1717) )
2 Aj
_ i gzt
AB, ;= NG 0}Z] (19)
)

where Aj is the decrease in the area of land use i:
Al=Al-A[">0 (20)

Equation (19) suggests that after adopting the soil moisture from land use types
whose areas decrease, the new soil moisture computed for the land use j is uniformly
distributed over the land use area.

In certain situations, the new soil moisture with the adopted moisture from
reduced land use areas can be numerically greater than the total porosity. For

instance such a case can occur when the area of a crop with short rooting depth
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extends into the area of a crop with much deeper rooting depth. In this case the new
soil moisture is set to total porosity and the moisture above total porosity is

converted into percolation.

3.1.12. Solution of the Root Zone Conservation Equation

Equation (1) is non-linear with respect to 6!, IDC uses an iterative method that is a
combination of bisection and Newton’s methods (Gerald and Wheatley 1994) to
solve equation (1). The iterative solution methodology starts and continues with
Newton iterations until the estimate for the soil moisture goes above total porosity
less 10% of the user-defined convergence tolerance for the iterative solver. At this
point, bisection method is used as the iterative method. The reason for this switch
between the two methods is that the gradient of the van Genuchten-Mualem
equation near saturation becomes very large and this causes problems for Newton’s
method. Bisection method has slower convergence but is more robust; therefore it is
preferred when soil moisture is close to or above saturation. The switch between
Newton’s and bisection methods occurs mostly for rice and refuge areas where soil
moisture can be at or numerically above total porosity (representing the ponding

conditions).

3.2. Water Demand

From a plants perspective, water demand (also referred to as the physical water
demand in this document) is the amount of irrigation water to satisfy the crop’s
evapotranspirative requirement under a specified irrigation management setting that
is not met by precipitation. From a water management perspective, it is the amount
of irrigation water that needs to be delivered to farms dictated by contractual
agreements. This amount may or may not be the same as the physical water demand
of the crops.

IDC is designed to address both types of water demands under user-specified
climatic and irrigation management settings in regional scale applications. The
physical water demand is computed by utilizing the root zone conservation equation

(1), whereas the contractual water demands are specified by the user. Physical water
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demand is calculated only for agricultural crops, refuges and urban lands; water
demand is zero for native and riparian vegetation since they are not irrigated.
Below, the methods used by IDC to compute applied water demand for non-

ponded and ponded (rice and refuge lands) land use areas are explained.

3.2.1. Water Demand for Non-Ponded Crops

IDC utilizes an irrigation-scheduling-type approach in computing the water demand
for non-ponded crops. Each non-ponded crop at each grid cell is associated with a
time series data of irrigation period flag, irrigation trigger minimum soil moisture,
irrigation target soil moisture, minimum percolation requirement as a fraction of
infiltrated applied water, return flow fraction and re-use fraction. IDC also requires
the user to specify if the soil moisture at the beginning or at the end of a time step
will be used to compute irrigation water demand. For a short simulation time step
such as a day using the soil moisture at the beginning of the time step is appropriate,
whereas for a long time step such as a month, it is better to use the soil moisture at
the end of the time step. The real-world analogy is that a farmer may check the soil
moisture conditions in the morning and decide if the crops need irrigation, while he
never bases his decision of irrigating over an entire month on the moisture
conditions at the beginning of that month.

The irrigation period flag tells IDC when to compute irrigation water demand
for a non-ponded crop. An irrigation period flag of 0 means that it is outside the
cropping season and IDC will not compute the irrigation water demand, whereas 1
means that it is growing season and the irrigation water demand will be computed.

First, the water demand calculations in the case when the soil moisture at the
beginning of a time step is used will be explained.

At the beginning of a time step, if irrigation period flag is 1, IDC checks if the

. . t—t . .. . . .. . .
soil moisture, 0Z", is less than the irrigation trigger minimum soil moisture,

GEI-;;ZHI , where Ggﬁl is represented in terms of the Total Available Water
(TAW):
t+1 t+1
TAW =0; -0, (22)
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t+1 t+1
6trg

where femm is a fraction of TAW specified as time series data by the user. Gmm

the soil moisture content that corresponds to the maximum allowable depletion

t+1 5 t+1
eman

(Allen et al. 1998). If 0'Z" isless than , the irrigation amount to raise the

t+1 t+l

soil moisture up to irrigation target moisture, etrg

is computed by setting 0"

in equation (1) to 0! and re-writing it for A, (in IDC irrigation water demand is

trg
equivalent to the applied water since IDC assumes that water is available to meet the
irrigation water demand at all times):
tt t+1
-0Z -A0,

t+1 + ETt+1

t+1 t+1 t+15t+1
P +R. -G Z T +P,
At P Ctrg tg o+l 7 t+1

if 0'zt<

2 |

min

(23)

1 1
if 02'>05, 7"
Several points need to be highlighted for equation (23):

1. Pond drainage flow, Dr, is set to zero since equation (23) is written for non-

ponded crops.

t+1

t+1
ET, Ctrg

trg
the target soil moisture.

Equation (10) is substituted for return flow, Rf.

and P, represent the ET and percolation rates, respectively, at

3.
Equation (23) is the expression for the amount of applied water that will raise
the soil moisture up to target soil moisture while taking into account the

contribution of precipitation, irrigation efficiency measures fg . and fy as well as
,ini

the moisture depleting effects of percolation and ET.

By default, IDC uses field capacity as the target soil moisture. However, the user
can optionally specify a fraction of the field capacity as the target soil moisture
during irrigation to simulate the effects of deficit irrigation (Fereres and Soriano,
2007; Kirda, 2002). By setting the irrigation trigger minimum soil moisture and the
irrigation target soil moisture to values that are lower than those for optimal
irrigation, the user can simulate the deficit irrigation practices.

In the case where the soil moisture at the end of a time step is used for water

t+1 .

demand calculations, IDC initially assumes that A ;" is zero, and solves equation
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(1) for 0. 1f 01Z* isless than 0 71 there is irrigation water demand
and IDC uses equation (23) to compute this demand.

It is common practice to apply additional irrigation water on the fields to flush
the salts from the soil. To simulate this practice, IDC allows the user to specify an
optional time-series minimum percolation factor for each non-ponded crop at each
grid cell. The percolation factor is defined as a fraction of the infiltrated applied

water:
PCmin = fD (Aw - Rf ) (24)

where Pcui, is the minimum percolation required (L/T) and fp is the minimum
percolation fraction (dimensionless). It should be noted that fp is different than
leaching fraction in that leaching fraction is defined for a set of irrigation events after
which the soil salinity and water flow in the root zone reaches an equilibrium (Ayers

and Westcot, 1985; Dudley et al., 2008) whereas f, in IDC is valid only for the
time step when the irrigation event takes place.

After water demand is computed using equation (23), IDC checks if percolation
is greater than the minimum percolation, if fp is supplied. If minimum percolation is
not achieved, it computes a new water demand that will raise the soil moisture to the

irrigation target soil moisture while generating minimum percolation. This is
achieved by writing equation (24) for A, —Ry, substituting it into equation (1),

and solving the resulting non-linear equation for o+,

et+lzt+1 — etzt

1
A P R;“ £ Gzt _pttl {1 _ﬁJ _prtt
fp
LA0t" (29)

In writing equation (25), pond drainage, D;, is set to zero since the equation is
written for non-ponded crops only and ET®! is the ET rate at 0™ It should also

be noted that Pen is a function of 0 in equation (25).
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Equation (25) is solved for it iteratively using Newton’s method. Once the

solution is obtained, the water demand is computed as

t+1 P(t;r}in
A = (26)

t+1 t+1 t+1
5 (e, -

where Pé;}in is computed at 0'*! that is obtained by solving equation (25).

Percolation has an upper limit that is equal in magnitude to the saturated
hydraulic conductivity, K, of the soil (see equation (13)). Therefore, Pcy, is limited
by K.. If it is computed to be larger than K, it is adjusted down to K; and the user-
specified minimum percolation factor, fp, is overridden.

Alternatively, IDC allows the user to specify water demand to address the
contractual rather than the physical water demands. In this case, equations (23) and
(26) are bypassed and user-specified water demands are used. However, it is likely
that the specified water demands will be less than or greater than the physical water
demands. In either case, IDC uses the specified values in equation (1) to route the
moisture through the root zone. In the case that the specified demands are less than
their physical counterparts, IDC will allow ET to fall below ET ., assuming that the
target irrigation soil moisture is equal to the field capacity. If they are greater than
the physical demands, IDC computes increased soil moisture, percolation and
return flow, again by the use of equation (1).

The inclusion of percolation in equation (23) shows that the water demand,
among other factors, depends also on the soil type where the crops are planted. The
same crop under the same management factors and for the same yield will require

more water if it was planted on a sandy soil than it was planted on a clayey soil.

3.2.2. Water Demand for Ponded Crops

The water demand computations for ponded crops are driven by the pond depths
specified by the user except during decomposition periods for rice lands where non-
flooded decomposition practices are followed. For the periods when a non-zero
ponding depth is specified, IDC computes the applied water demand that will
completely saturate the soil and crate a pond with the specified depth after taking

into account the contribution of precipitation in a user-specified crop management
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setting. First an initial estimate of water demand is computed by setting drainage
flow and net return flow to zero, percolation to saturated hydraulic conductivity, ET
to ET,, 0! to total porosity plus the pond depth in equation (1) and rearranging
the equation for A,

07Z+P5! -0z —A0tt!
At =T127D - P RET -G Z 4K +EToey + Dy >0

(27)

where A is the initial estimate of the applied water demand (L/T) and Pp is

w,ini
the pond depth (L). As stated previously, IDC assumes constant rooting depth for
ponded crops, therefore the time index for Z in equation (27) does not appear.
There is water demand only if the result of equation (27) is greater than zero. As the
second step, the drainage flow is computed using equation (11). Then, the final
applied water demand is computed as

AV =ALL R -UT > 0 (28)
where, as mentioned earlier, Ry, and U are specified as unit flow rates for rice lands
and refuges.

Equations (27) and (28) are used for seasonal and permanent refuge areas as
well as for rice lands where flooded decomposition practices are followed. For rice
lands where non-flooded decomposition practices are followed, the same approach
is used during growing season; during decomposition period user specified water
application amounts are utilized.

As with non-ponded crops, if the user specifies water demand IDC bypasses its

computation and substitutes the specified value into equation (1).

3.2.3. Evapotranspiration of Applied Water, ETaw

The portion of the crop evapotranspiration that is satisfied by irrigation water is
referred to as the evapotranspiration of applied water (ETaw). The crop
evapotranspiration can be satisfied by moisture storage already available in the soil,
precipitation, applied water, and if available, other sources of moisture, G. Moisture

storage is comprised of previous precipitation events and irrigation activities as well
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Op =
v (6{) +0% +6tG)Zt +At(PtJrl —RU AR +Gt+1Zt+1)

ETaw'"

as moisture inflows from other sources. Therefore, one can view ETaw as having
two components: one where the irrigation satisfies the crop ET requirement almost
instantaneously (e.g. over a period of few minutes or hours), and one where a
portion of the applied water is stored in the soil and satisfies the crop ET over an
extended period of time (e.g. over a period of few days or weeks).

For proper prediction, IDC keeps track of the portion of soil moisture that is
supplied by irrigation and effectively simulates both components of ETaw. After
equation (1) is solved and all flow components are calculated, ETaw and the soil
moisture storage due to irrigation are computed using the following set of

expressions:

ot zt +At(A§jl—R}+ ')

(29)

'=a, ET (30)

NFASEL VA +At[A§;” ~Rf—ay (DE“ +pEH! )—ETawt+1J+A9;T}\w (31)

where oLy is the ratio of stored applied water plus the infiltrated applied water to

the total moisture storage plus total infiltration, and A0, 5 is the moisture storage
1AW

due to irrigation that is acquired from adjacent land use areas because of change in
land use area. Equations (29) - (31) suggest that all root zone flow components are
proportioned between flow due to precipitation, flow due to applied water and flow
due to other sources of moisture using the fraction defined in equation (29), which
are used to compute the moisture storage due to irrigation.

op  represents both the instantaneous and the long-term contributions of
w

irrigation to ETaw and other flow terms. The part with At(AE,:,Fl - R%H ) at the

numerator represents the instantaneous contribution, whereas the part with 0% Z"
w

represents its contribution that takes place over an extended period of time. Here,

the term “instantaneous” refers to any event that takes place over a single simulation

time step, At.
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When irrigation period flag is O representing out-of-growing-season, ETaw is
still computed to track 6 A, (see equation (31)). This is because

evapotranspiration continues to occur outside the irrigation period due to soil

evaporation and transpiration from non-agricultural crops such as weeds.

3.2.4. Effective Precipitation, ETp

Eftective precipitation, ETp, is the portion of precipitation that is available to meet
crop evapotranspiration. It does not include direct runoff, percolation or
evaporation before the crop can use it (USDA 1997). Similar to ETaw, ETp
represents the instantaneous contribution of precipitation to satisfy the crop
evapotranspiration as well as its contribution over an extended period of time. IDC

uses the following expressions to compute ETp:

B{DZt—i-At(PtH _Rt+1)
OGP =T ¢ t |t tH _ pt+l |, A t+l ptHl | ~tHlt] (32)
(OP +6Aw +9G)Z +At(P -R"+A, R +G 72 )

w
ETp"! =apET""! (33)
t+l5t+1l _ at 5t t+1 t+1 t+1 t+1 t+1 t+1
Op 2" =0pZ +At|P"" —R"" —ap(D, +Pc |-ETp "~ |+A0,p (34)

where olp is the ratio of stored precipitation plus the infiltration of precipitation to

the total moisture storage plus the total infiltration, and Aea,P is the moisture

storage due to precipitation that is acquired from adjacent land use areas because of

change in land use area.

3.2.5. Evapotranspiration due to Other Sources, ETg

ETg is the portion of the generic, user-defined source of moisture that is available to
meet the evapotranspirative demand. Similar to ETaw and ETYp, it represents the
instantaneous contribution of the generic source of moisture to satisfy the crop
evapotranspiration as well as its contribution over an extended period of time. IDC

uses the following set of expressions to compute ETq:
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oLzt + At(Gt“zt“ )
oG = 0 405 405 )7t + At P _RETL 4 AT _REHL | gt tH (35)
ETE ! =agET™ (36)

0124 =62" + At G2 —ag (DI BET) BT [+ a0l (37)

where o is the ratio of stored moisture due to generic source plus the infiltration

of the generic moisture to the total moisture storage plus the total infiltration, and

A8, ¢ is the moisture storage due to the generic moisture source that is acquired

from adjacent land use areas because of change in land use area.

3.3. Example 1: Hypothetical Scenario

To test and analyze its results, IDC was run for a hypothetical case where tomatoes
were the irrigated crop. Additionally, to test the irrigation scheduling logic built into
IDC, it was compared, when applicable, to the CUP model developed jointly by
DWR and UC Davis (Orang et al. 2004 ). CUP is a graphical user interface driven
spreadsheet application that was developed to improve the dissemination of crop
evapotranspiration (ET.) information to California growers and water purveyors.
The program uses monthly means of solar radiation, maximum and minimum
temperature, dew point temperature, wind speed, and daily rainfall data to compute
and apply ET. values on a daily basis to determine crop water requirements.

The testing and analysis of IDC results were performed in several stages. The
first stage included a very simple test case with minimum amount of IDC features
included. In each consecutive stage another feature of IDC was included in the test
and the effects of the feature on the results were analyzed.

For this example, tomatoes were chosen as the crop for which irrigation water
requirements were calculated from January 1, 1996 to December 31, 1996. The
growing season for tomatoes was April 1 to August 31. The generic source of
moisture was set to zero. For a specified set of weather data, CUP computed daily
ET. values that were input into IDC. Available water holding capacity (the

difference between field capacity and wilting point) was 0.14 mm/mm, the rooting
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depth was set to 1524 mm and the maximum allowable soil moisture depletion was
set to 50% of the field capacity. Using soil properties and crop specific information,
CUP computed yield threshold depletion and the corresponding allowable moisture
depletion (Snyder et al. 2004). The moisture content that corresponded to the
allowable soil moisture depletion computed by CUP was input as the irrigation
trigger moisture content into IDC. In IDC, the wilting point, field capacity, total
porosity and pore size distribution index are taken to be 0.000 mm/mm, 0.270
mm/mm, 0.463 mm/mm and 0.418, respectively. These values were taken from
data published by Rawls et al. (1982) for a loam soil. The initial soil moisture
content was set equal to field capacity. It was also assumed in IDC that 50% of the

initial soil moisture was due to precipitation.

3.3.1.  Zero Precipitation, Percolation and Return Flow

Figure 3. Comparison of IDC results to CUP results for zero precipitation, percolation and return

flow
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CUP computes runoff due to precipitation differently than IDC. It also doesn’t
incorporate percolation and agricultural return flow into the computation of applied
water. To simulate the similar processes, the precipitation in both programs, and
saturated hydraulic conductivity and return flow factor in IDC were all set to zero.
Figure 3 shows a comparison of IDC and CUP results for this case. In Figure 3, FC
is the field capacity, SMmin is the irrigation trigger minimum soil moisture
computed by CUP and used as input to IDC, AW_IDC is the applied water
computed by IDC, AW _CUP is the applied water computed by CUP, SM_IDC is
the soil moisture computed by IDC, SM_ CUP is the soil moisture computed by
CUP, and ET. is the crop ET that is computed by CUP and used as input to IDC.

In both models, initial soil moisture is at field capacity. Until April 1, ET. for
bare soil and non-agricultural plants deplete the soil moisture below the irrigation
trigger minimum soil moisture. However, since growing season does not start until
April 1, irrigation is not triggered. On April 1, when the growing season starts, the
first irrigation event is triggered and both models raise the soil moisture up to field
capacity. Soil moisture and the magnitude of applied water are almost exactly the
same until the second irrigation event towards the end of May. Here, a difference
between IDC and CUP becomes apparent. The second irrigation event occurs on
May 28 for CUP and on May 29 for IDC. At the beginning of May 28 both models
have soil moisture that is above the irrigation trigger minimum soil moisture. CUP
predicts that soil moisture at the end of the day will be less than the minimum
moisture and initiates an irrigation event. IDC, on the other hand, initiates an
irrigation event only based on the soil moisture at the beginning of the day. At the
begging of May 29, the soil moisture is less than the minimum moisture in IDC and
this is when IDC initiates an irrigation event. The effect of this difference between
the two models in deciding when to irrigate accumulates throughout the growing
season until the simulated soil moistures are visibly different. In fact, CUP initiates a
total of 8 irrigation events that amounts to 774 mm of applied water throughout the
growing season whereas IDC initiates 7 events that amounts to 712 mm.

Although there are some differences between IDC and CUP results, in general,
this comparison shows that the irrigation scheduling logic built into IDC works
properly. IDC allows the depletion of soil moisture until it becomes less than the
irrigation trigger moisture. This is when it initiates an irrigation event to raise the

moisture up to the target moisture level (field capacity, in this case).
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Figure 4. Comparison of IDC results to CUP results for zero percolation and return flow
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3.3.2. Zero Percolation and Return Flow

At this stage of testing IDC, daily precipitation data for calendar year 1996 was used.
With the inclusion of this data, CUP computed a new set of ET. and irrigation
trigger minimum soil moisture which were used as input to IDC. The results for this
stage are shown in Figure 4.

In this stage, another difference between IDC and CUP is shown. CUP never
allows the soil moisture to go above field capacity; the infiltration of precipitation is
adjusted so that soil moisture stays below or at the field capacity. IDC uses SCS
curve number method (USDA 2004) to compute the direct runoff and,
consequently, infiltration from precipitation (a curve number of 82 was used for this
example). It also allows soil moisture to go above field capacity. This is because past
CADWR experiences in coupled root zone, groundwater and stream flow modeling

showed that forcing the soil moisture to be at or below field capacity at every time
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step required increasing direct runoff or percolation. This approach had adverse
effects on the timing of recharge into groundwater and surface runoff into the
streams. Furthermore, it has been observed in the field that considerable root zone
drainage can occur beyond three days (Ritchie, 1981) suggesting that the soil
moisture stays above field capacity for as long as the drainage continues.

Figure 4 shows that the soil moisture in IDC rises above field capacity with the
winter rains whereas CUP limits it with field capacity by decreasing the infiltration
of precipitation. For the entire year, IDC and CUP generate 69 mm and 141 mm of
direct runoff, respectively, out of 465 mm of precipitation. Although, with different
values for curve number, the direct runoff can be changed in IDC, this example
shows the effect of allowing the soil moisture to rise above field capacity. With the
higher moisture content at the beginning of the growing season, IDC does not
initiate an irrigation until June 14, whereas CUP initiates the first irrigation on June
1. For the entire season, the application water for IDC and CUP are 547 mm and

628 mm, respectively.

3.3.3. Zero Return Flow

At this stage of testing, hydraulic conductivity of the loam soil was set to 1.32
cm/hour (Rawls et al. 1982) to simulate the percolation from the root zone. Since
percolation is not simulated in CUP, the IDC results were compared to the IDC
results from previous stage.

Figure Sshows the results for this test case. The annual percolation is 135 mm.
When compared to Figure 4, it can be seen that the soil moisture increase during the
winter months is less due to the moisture depleting effects of percolation.

Inclusion of the percolation in the simulation also decreases the direct runoff
from precipitation; 57 mm annually in this case versus 69 mm with zero percolation.
This result is expected since depleting the soil moisture through percolation leads to
increased empty storage to be filled by precipitation.

The annual applied water in this case is 666 mm compared to 547 mm with no
percolation. This result is also in line with expectations that increasing the
percolation should also increase the amount of applied water to achieve the same
crop yield. In this case, when raising the moisture to field capacity, applied water not
only counter-balances the moisture depleting effect of evapotranspiration but also

that of percolation.
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Figure 5. IDC results for zero return flow
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3.3.4. Zero Return Flow and 1% Minimum Percolation Fraction

In this stage, a minimum percolation of 1% of infiltrated applied water is imposed.
Figure 6 shows that every time an irrigation event is triggered, the soil moisture is
raised above field capacity to a moisture that will create a percolation that is equal to
1% of the infiltrated applied water on that day. Since the percolation continues
beyond the day of the irrigation, the total percolation from irrigation is larger than
1%. During the growing season, the total percolation amounts to 70 mm with 822
mm of applied water. Assuming that the percolation is entirely due to irrigation

during the growing season, this leads to a leaching fraction of 9%.
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Figure 6. IDC results for zero return flow with 1% minimum percolation requirement

| =mmaw DC =Py —FC Shmin SM_IDC ETc
600 - 80
550 |
- 70
500
£
AN S
[
£ r\ J =
% 400 =7 \J\J\.J' g
£ 50 g
Z 350 g
z ]
(-]
£ 300 - 40 E
E 2
£ 250 z
‘g’ 30 E
S 200 o
a2 w
(-]
S 150 - - 20
[=]
w
100
10
50 §
0 ' 0
s o o° o o o & o° o°
& .g:’" & N v-"g oF & s &
Time (days)

3.3.5. 15% Return Flow Fraction

In this case, the minimum percolation fraction was set to zero but the return flow
fraction was set to 15% of applied water. The results for this case are shown in Figure
7. When compared to Figure S of section 3.3.3 (zero return flow with zero minimum
percolation fraction), it can be seen that the only difference is in the amount of
applied water. The total applied water in this case was 783 mm compared to 666
mm in the case with zero return flow and minimum percolation fraction (see section
3.3.3). The return flow amount was 117 mm, equal to the difference between the
applied water in two test cases. The return flow is taken out of the total applied

water and it does not affect the soil moisture dynamics.

34 | IWFM Demand Calculator, IDC-2015



IWFM Demand Calculator
IDC-2015

Root Zone Version 4.0

Figure 7. IDC results for 15% return flow
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3.3.6. Deficit Irrigation

As a final test case, deficit irrigation conditions were simulated by setting the
irrigation target moisture to 60% of field capacity and the irrigation trigger
minimum soil moisture to 50% of those used in previous test case (see section
3.3.5). The results for this case are shown in Figure 8. SMtarget and ET in Figure 8
represent the irrigation target soil moisture and the actual ET, respectively. Deficit
irrigation is generally recommended when the losses due to the decrease in the crop
yield because of unmet crop ET is surpassed by the gains fromconserving irrigation
water (Kirda, 2002). In this test case, the total applied water and crop ET were 594
mm and 718 mm, respectively, compared to 783 mm and 764 mm, respectively, in
the non-deficit irrigation scenario simulated in section 3.3.5. These results show that

a 24% reduction in applied water only caused a 6% reduction in the crop ET.
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Figure 8. IDC results for deficit irrigation scenario
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3.3.7. Additional Comments on Test Cases

Some of the important seasonal (values on the left) and annual (values in
parentheses) flow terms from each simulated scenario are listed in Table 2. The
scenario simulated in section 3.3.1 (zero precipitation, percolation and return flow)
is not included in the table since the crop ET is different than the other scenarios
and it would be difficult to make meaningful comparisons with other scenarios. In
Table 2, AW is the applied water, ET is the actual ET, Rp is the direct runoff, Reis the
net return flow, Pc is the percolation, ETaw is the ET of applied water, ETp is the

effective precipitation and IE is the irrigation efficiency expressed as ETaw divided
by AW.
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Table 2. Summary of IDC results for the simulated scenarios (values on left are for the growing season,
values in parentheses are for the entire calendar year; all values except IE are in mm.

Scenario
Flow 33.2 333 334 3.3.5 3.3.6
Term Pc=0 ; R=0 Re=0 R=0 ; Pcmin=1% Ri=15% Deficit Irrigation
AW 546 (546) 666 (666) 822 (822) 783 (783) 594 (594)
ET 764 (983) 764 (983) 764 (983) 764 (983) 718 (936)
Re 21 (69) 16 (57) 16 (62) 16 (57) 16 (53)
R 0(0) 0(0) 0 (0) 117 (117) 89 (89)
Pc 0(0) 43 (135) 69 (226) 43 (135) 19 (100)
ETaw 428 (428) 475 (475) 484 (484) 475 (475) 397 (397)
ETp 336 (336) 289 (289) 280 (280) 289 (289) 321(321)
IE 78% 71% 59% 61% 67%

The following are several comments and conclusions based on the values listed
in Table 2:

1. Percolation has a direct impact on the irrigation requirement, higher the
percolation more applied water is needed to meet the crop ET (see AW
values for scenarios simulated in sections 3.3.2, 3.3.3 and 3.3.4). However,
percolation and applied water are not linearly related since a portion of the
applied water is stored in the soil.

2. Direct runoff from precipitation decreases as percolation increases (see Rp
values for sections 3.3.2 and 3.3.3). This is because percolation depletes the
soil moisture storage allowing more precipitation to infiltrate. However, as
more water is applied to increase the soil moisture above field capacity,
increasing the percolation for leaching of salts, higher values of direct runoff
are observed due to soil moisture being above field capacity at the end of
growing season (see Figure 6 and annual Rp values for sections 3.3.3 and
3.3.4).

3. Return flow affects the irrigation requirement but not the ET, percolation,
ETaw and ETp (see relevant flow terms for sections 3.3.3 and 3.3.5). As
expected, increasing return flow decreases irrigation efficiency.

4. Comparing IE values for sections 3.3.3 and 3.3.4, it can be seen that
applying more irrigation water for the purposes of leaching decreases the

irrigation efficiency. However, an alternative definition of irrigation
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efficiency includes not only ETaw but also the losses if they are beneficial
such as percolation for leaching (Burt et al., 1997). Although beneficial
percolation cannot immediately be quantified through IDC output values,
IE would be higher for section 3.3.4 when the alternative definition of the
irrigation efficiency is considered. As a rough estimate, it can be assumed
that the difference between the annual percolation values from sections
3.3.3 and 3.3.4 is the beneficial percolation triggered by additional applied
water. Then the IE expressed by Burt et al. (1997) can be computed as

_ ETaw + PCbeneﬁcial _ 484 +226—-135
AW 822

IE %100 =70% (38)

Deficit irrigation is one way of increasing the irrigation efficiency (Kirda,
2002). Table 2 shows a 6% increase in the IE (see IE values for scenarios
3.3.5 and 3.3.6) when a deficit irrigation scenario is simulated.

IDC uses the ratio of the soil moisture due to irrigation to the total soil
moisture storage in computing the ETaw (see equation (30)) and hence the
IE. IDC allows the user to input initial soil moisture content due to
irrigation and precipitation. The ETaw values at the early stages of the
simulation period are largely impacted by the user-defined initial
proportioning of the moisture between precipitation and irrigation.
Therefore, for a modeling study that addresses a short simulation period
such as this example, IE values will be affected by the initial soil moisture
estimates. Since the true portioning of the moisture between irrigation and
precipitation is hard to estimate, it is advisable to include a “spin-up” period
of a few years in IDC runs to achieve a more realistic mixture of stored
moisture due to precipitation and applied water. This spin-up period will
minimize the adverse effects of incorrect estimates of initial proportioning

of the soil moisture storage on the IE calculations.
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For this example IDC was used to simulate the irrigation water requirements and

root zone flow terms over a period of four water years (October 1, 1997 to
September 30, 2001) at a section of California’s Central Valley (Figure 9) using field
data as input. The reason for the selection of this area was that another project,
CalSim 3.0 hydrology development, also addressed the same area. CalSim is the
CADWR’s model used to simulate California State Water Project (SWP) and the

Figure 9. Model area and the simulation grid for Example 2
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Central Valley Project (CVP) operations. An earlier version of IDC was used during
the CalSim 3.0 project so a large portion of the input data for this example was
already developed. Furthermore, the modeled area intersected with seven Detailed
Analysis Units (DAUs) (Figure 10). DAUS are the smallest study areas used by
CADWR for analyses of water demand and supply, generally defined by hydrologic
features or boundaries of organized water service agencies. CADWR has collected
and developed extensive data sets for these regions. To test their accuracy, IDC
results were compared to data developed for the seven DAUSs that the model area
intersects.

The 2805 km* model area and the finite element grid for this example are shown
in Figure 9. The simulation grid, which includes 2622 cells, was created using a mesh
generator developed by CADWR as an add-on for ESRI’s ArcGIS software. The part
of each DAU that intersected with the model area was designated as an individual
subregion (Figure 10) where subregions in IDC are used for aggregation and

reporting of the simulation results.

Figure 10. DAUs in modeled area in Example 2
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The soil physical properties were compiled using the Natural Resources
Conservation Service’s (NRCS) Soil Survey Geographic Database (SSURGO). The
soils map for the modeled area is shown in Figure 11 without the legend due to
highly complex soil structure. Using the Soil Data Viewer software available from
NRCS, the soil physical properties (field capacity, total porosity, saturated hydraulic
conductivity and soil hydrologic group) were first averaged over soil horizons for
each soil component. Properties defined for each component were then averaged for
each soil map unit. Finally, properties defined for map units were intersected with
simulation grid cells. Since each grid cell intersected with multiple map units, the
physical soil properties were further area-averaged over grid cells to end up with a
single value for each soil property for each element. The dominant surface soil
texture for each grid cell was also identified and the arithmetic mean values for pore
size distribution index listed in Rawls et al. (1982) were assigned to matching soil

textures. Wilting point for each cell was set to zero.

Figure 11. Soils map for the model area
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The land-use map for the model area was available as a Geographic Information
System (GIS) layer (Figure 12). The agricultural crops were grouped into 20 non-
ponded crop types including fallow or idle areas, and rice fields. The modeled area
also included urban areas, wildlife refuges and native vegetation. Total area of water
and non-irrigated agricultural lands were minor, 2% and 4% of the total modeled
area, respectively. Therefore these land-use types were incorporated into the lands
with native vegetation (Figure 12). The land-use map was intersected with the finite
element grid and the area of each land-use type over every grid cell was computed.

Precipitation data that was developed for Calsim 3.0 project using the PRISM
climate data (PRISM, 2009) was utilized in this example.

ET data for each crop at each DAU obtained from DPLA changed from month
to another and from year to year. However, it was zero for particular crops when
they were not planted in certain years. On the other hand, the land-use areas used in

this test was constant and did not change from year to year. Therefore, matching ET

Figure 12. Land-use types in the modeled area
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data from DPLA with constant land-use areas created a problem: in some years zero
ET was assumed for land-use types whose area was not zero. To avoid this problem,
ET data for each land use at each grid cell was obtained from the Calsim 3.0 project
on a monthly basis. It changed from one month to another but the same monthly
values were used for each water year.

Rice operations data such as ponding depths and return flow depths were all
taken from CalSim 3.0 study whose source was the Northern District of CADWR.

Even though the irrigation water demand data for modeled DAUs obtained
from DPLA was for water years 1998 to 2001, IDC run was started from October 1,
1990; i.e. a spin-up period of eight years was used to ensure that the mixture of soil

moisture storage due to irrigation and precipitation was realistic.

3.4.1. Results and Discussion

The data obtained from DPLA listed crop irrigation requirements for non-ponded
agricultural crops and rice as well as ET. for each DAU as unit rates in terms of acre-
feet/acre. To be able to compare to DPLA values, IDC results were also converted
to unit rates. Instead of comparing results for individual crops, the total irrigation
requirements for each DAU for non-ponded crops computed by IDC were
compared to total irrigation requirements for non-ponded crops obtained from
DPLA. Irrigation requirement for rice from IDC and DPLA was compared
individually since rice irrigation requires much more water than non-ponded crops.

Precipitation is one of the major drivers of the flow processes in IDC. Figure 13
shows the annual precipitation for each DAU.

The Soil Data Viewer from NRCS allows different ways of averaging of the soil
physical properties. Also each soil physical property is assigned a lower and upper
limit as well as a representative value. Combining the lower, upper and
representative values with different averaging methods, one can obtain different
values for each soil map unit. Figure 14 and Figure 15 show the simulated irrigation
water requirements for non-ponded crops at DAU 142 and for rice in DAU 163,
respectively, for varying average saturated hydraulic conductivities (Ks.:). These
DAUs were selected for analysis because DAU 142 had the largest percent non-
ponded crop acreage (88% of the total modeled area of the DAU) and DAU 163
had the largest percent rice acreage (24% of the total modeled area of the DAU).

Figure 14 shows results for four water years whereas Figure 15 shows those only for
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Figure 13. Annual precipitation for each DAU
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water year 2000 because there was no visible difference in the results from one year
to another for rice irrigation requirements.

It can be seen that while irrigation water requirement for non-ponded crops is
not extremely sensitive to K. (Figure 14), it is very sensitive in the case of rice
(Figure 15). This is expected since rice is grown under saturated conditions.
However, even though K, values shown in Figure 15 were computed using the
NRCS data, larger K, values lead to unreasonably high values of irrigation
requirements for rice. In fact, using different averaging techniques featured in the
NRCS Soil Data Viewer on upper, lower and representative K, values listed in the
SSURGO database, the smallest average K..: value obtained was 0.45
micrometers/sec. By contrast, DPLA assumes an average of 0.01 micrometer/sec
(equivalent to 1 inch/month) percolation from rice fields in their analysis. This
value is in line with other sources. For instance, Williams (2004) reports percolation
at rice fields between 0.012 to 0.048 micrometers/sec (1.2 to 4.8 inches/month).
Assuming that these rates represent the K. values, the smallest value obtained by
averaging the data from SSURGO is one order of magnitude larger leading to large

simulated irrigation requirements for rice. Although a visual inspection of SSURGO
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Figure 14. Seasonal irrigation water requirement versus saturated hydraulic
conductivity for non-ponded crops at DAU 142
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data showed that there were K, values as low as 0.001 micrometers/sec, this
example shows that one needs to exercise caution when assigning K. values to grid
elements where rice is grown.

To test how IDC performs for rice fields with soil properties suggested by other
sources, grid cells that had rice fields were assigned K. values 0of 0.01, 0.05 and 0.1
micrometers/sec. The irrigation requirement for rice computed by IDC for water
year 2000 was 4.6, 6.4 and 8.7 ac-ft/ac for Ky, values of 0.01, 0.05 and 0.1
micrometers/sec, respectively. For comparison purposes, DPLA reports 5.8 ac-ft/ac
and Williams (2004) reports an average value of 6 to 6.5 ac-ft/ac which can vary
from 4 to 8 ac-ft/ac or more. This comparison suggests that IDC is capable of
producing reasonable values for irrigation requirements at rice fields when grid cell
K.« values are set properly. In contrast, the rice irrigation requirement computed by
IDC with the K, value at grid cells with rice set to the minimum values obtained by
averaging the SSURGO data (0.45 micrometers/sec on average) was 13.6 ac-ft/ac.

As mentioned earlier, irrigation water requirement for non-ponded crops is not

very sensitive to the changes in Ky, values (Figure 14). Figure 16 shows the seasonal
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Figure 15. Seasonal irrigation water requirement versus saturated hydraulic
conductivity for rice at DAU 163 for water year 2000
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irrigation water requirement (i.e. applied water) versus pore size distribution index,
A, for DAU 142 at different water years. For each soil texture, Rawls et al. (1982) list
lower and upper limits as well as a representative value for A. To generate Figure 16,
IDC was run with the Ky, values computed by averaging representative values from
SSURGO database combined with low, representative and high values of A listed by
Rawls et al. (1982). To gage the sensitivity of irrigation requirement to Kycand A
values, linear best-fit curves were computed for simulation results shown in Figure
14 and Figure 16, respectively; high gradient of the best-fit curve represented high
sensitivity. The gradient of the best-fit line for K. versus irrigation requirement
varied from 0.0007 for year 2000 to 0.014 for year 1998, whereas for A versus
irrigation requirement it varied from 0.50S for year 2001 to 2.169 for year 1998.

As a summary, one needs to choose K. values carefully for grid cells where rice
is grown. Ky, values will not affect the irrigation requirements for non-ponded crops
in these cells because they are insensitive to changes in K. values. On the other
hand, to change the irrigation requirement for non-ponded crops one can modify A

with minimal effect on the values computed for rice.
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Figure 16. Seasonal irrigation water requirement versus pore size distribution index for
non-ponded crops at DAU 142
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Table 3 shows a general comparison of simulation results for non-ponded crops
compared to DPLA values when K at grid cells with rice was set to 0.01
micrometers/sec. Percolation from DPLA was not available so these values are
shown as n/a (not applicable). One can see in Table 3 that the annual ET rates from
DPLA change from one year to another, whereas IDC values are constant. This
difference is likely to cause other values to be different as well. Furthermore,
precipitation data used in DPLA analysis was not available. It was also observed that
some crops that were present in some subregions in IDC had zero acreage in
DPLA’s data. The likelihood of precipitation data being different from IDC data
along with different ET rates and different crop areas is responsible for some of the
differences among other values such as applied water. Also, ETaw is constantly
lower in IDC than in DPLA data, whereas ETp is higher. This means that DPLA
values will lead to a higher irrigation efficiency than IDC values. This difference is
likely due to different methods used for computing ETaw and ETp as well as
different ET and precipitation inputdata. It also appears that since applied water is
generally lower in IDC (see Table 3), it is likely that the infiltration of precipitation
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Table 3. Comparison of IDC results for non-ponded crops to the values obtained from DPLA with Ksa:
values at cells with rice set to 0.01 micrometers/sec (all values are in ac-ft/ac; n/a = not

applicable)
ET Aw ETaw ETp Pc
Water
Year DAU IDC DPLA IDC DPLA IDC DPLA IDC DPLA IDC DPLA
142 2.65 2.18 1.74 1.66 1.16 1.24 1.49 0.94 0.63 n/a
144 2.71 2.68 2.10 1.91 1.23 1.50 1.48 1.17 1.09 n/a
163 2.34 2.19 1.50 2.04 1.02 1.47 1.32 0.72 0.33 n/a
1998 164 2.51 2.38 1.20 2.05 0.85 1.52 1.66 0.87 0.40 n/a
166 2.80 2.54 1.91 2.11 1.13 1.56 1.67 0.98 0.91 n/a
167 2.01 1.98 1.28 1.47 0.75 1.09 1.26 0.89 0.62 n/a
142 2.65 2.56 2.49 2.57 1.76 1.92 0.89 0.64 0.02 n/a
144 2.71 2.65 2.78 2.56 1.79 2.01 0.92 0.65 0.12 n/a
163 2.33 2.49 2.26 3.28 1.55 2.04 0.78 0.45 0.02 n/a
1999 164 2.50 2.74 2.26 3.47 1.50 2.19 1.00 0.55 0.01 n/a
166 2.80 2.88 2.56 3.1 1.65 2.29 1.15 0.59 0.16 n/a
167 2.01 2.17 1.89 2.32 1.15 1.56 0.86 0.60 0.06 n/a
142 2.65 2.60 2.28 2.49 1.64 1.87 1.00 0.74 0.07 n/a
144 2.71 3.22 2.52 2.86 1.65 2.26 1.07 0.96 0.27 n/a
163 2.33 2.53 2.07 2.63 1.44 1.92 0.90 0.61 0.04 n/a
2000 164 2.51 2.77 1.93 2.71 1.36 2.00 1.14 0.76 0.02 n/a
166 2.80 2.97 2.30 2.96 1.57 2.24 1.23 0.74 0.29 n/a
167 2.01 2.33 1.63 2.13 1.04 1.57 0.97 0.76 0.1 n/a
142 2.65 2.67 2.42 2.66 1.76 2.01 0.89 0.66 0.05 n/a
144 2.71 3.32 2.68 3.23 1.75 2.53 0.96 0.79 0.20 n/a
163 2.33 2.60 2.17 2.88 1.55 2.10 0.78 0.50 0.03 n/a
2001 164 2.51 2.88 2.09 2.95 1.50 2.20 1.01 0.68 0.01 n/a
166 2.80 3.08 2.61 3.19 1.66 2.40 1.14 0.68 0.20 n/a
167 2.01 2.37 1.84 2.29 1.14 1.70 0.87 0.67 0.08 n/a

in IDC is estimated higher compared with those in DPLA. By increasing the curve
numbers in IDC, the infiltration of precipitation can be decreased which will lead to
increased applied water with increased ETaw and decreased ETp. Overall, however,
the values from IDC and DPLA are reasonably close given the fact that there was no
effort to calibrate IDC to match values from DPLA.

48 |  IWFM Demand Calculator, IDC-2015



IWFM Demand Calculator
IDC-2015

Root Zone Version 4.0

Table 4. Comparison of IDC results for rice to the values obtained from DPLA with Ks: values at cells
with rice set to 0.01 micrometers/sec (all values are in ac-ftlac; n/la = not applicable)

ET Aw ETaw ETp Pc
Water
Vear DAU IDC DPLA IDC DPLA IDC DPLA IDC DPLA IDC DPLA
142 3.32 2.50 5.27 4.36 2.93 2.48 0.37 0.02 0.55 n/a
144 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a
163 2.78 2.50 4.49 4.22 2.47 2.40 0.29 0.10 0.51 n/a
1998 164 2.94 2.55 4.75 4.29 2.61 2.44 0.30 0.12 0.50 n/a
166 3.49 2.53 5.87 4.25 3.16 2.42 0.30 0.12 0.66 n/a
167 3.49 2.50 5.85 4.21 3.16 2.40 0.30 0.10 0.65 n/a
142 3.32 3.30 5.40 7.73 3.02 3.19 0.27 0.12 0.53 n/a
144 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a
163 2.78 3.30 4.59 6.18 2.54 3.10 0.22 0.20 0.47 n/a
1999 164 2.94 3.26 4.85 5.98 2.68 3.06 0.23 0.20 0.49 n/a
166 3.49 3.30 5.97 7.76 3.23 3.09 0.23 0.21 0.65 n/a
167 3.49 3.30 5.94 6.18 3.22 3.10 0.23 0.20 0.65 n/a
142 3.32 3.23 5.38 5.34 2.99 3.05 0.30 0.19 0.53 n/a
144 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a
163 2.78 3.39 4.58 5.78 2.53 3.29 0.23 0.10 0.47 n/a
2000 164 2.94 3.31 4.85 5.62 2.67 3.19 0.24 0.13 0.49 n/a
166 3.49 3.37 5.96 5.73 3.21 3.26 0.25 0.1 0.65 n/a
167 3.48 3.40 5.95 5.79 3.21 3.30 0.24 0.10 0.65 n/a
142 3.32 3.45 5.43 5.71 3.03 3.25 0.26 0.20 0.53 n/a
144 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a
163 2.78 3.60 4.62 5.96 2.56 3.40 0.20 0.20 0.47 n/a
2001 164 2.94 3.54 4.89 5.90 2.70 3.34 0.21 0.20 0.49 n/a
166 3.49 3.59 5.97 5.96 3.22 3.39 0.24 0.20 0.65 n/a
167 3.49 3.60 5.99 5.96 3.24 3.40 0.21 0.20 0.65 n/a

Similarly, Table 4 shows the comparison of IDC and DPLA values for rice. As
for Table 3, IDC results were obtained by setting the K. values for grid cells that
include rice fields to 0.01 micrometers/sec. It can be seen that ET values are
generally lower in IDC than DPLA, with the exception of 1998. For 1998, ET values
are closer to each other. It appears that due to different ET rates, applied water and

ETaw are also lower in IDC for years 1999 through 2001. Since ET rates are similar
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for 1998, these values are also close to each other for 1998. Overall, the results

match relatively well compared to the results for non-ponded crops.

4. Root Zone Component Version 4.01

This version is exactly the same as version 4.0 except that it allows the user to print
out Z-Budget data files for Land and Water Use as well as the Root Zone budgets.
These files can then be post-processed using the Z-Budget tool to analyze the water
demand, water supply and the root zone water budget for elements grouped into
zones by the user. Land and Water Use Z-Budget and Root Zone Z-Budget outputs
will be discussed later in this document. The input files to run the Z-Budget post-
processing tool are described in the User’s Manual for INFM-201S (Dogrul 2017b).

5. Root Zone Component Version 4.1

This version is very similar to version 4.0 as described in the previous chapter. In
addition to all the features of version 4.0, it includes two new capabilities, namely the
riparian vegetation access to stream flow to meet the evapotranspirative demands
and the root water uptake from groundwater. The root water uptake from
groundwater requires depth-to-groundwater information which can be specified by
the user as a time series data. However, IDC, when executed on its own, has no
information about the stream flows. Therefore, riparian vegetation access to stream
flow to meet the evapotranspirative demands is only effective when IDC is linked to
an integrated hydrologic model such as IWFM that simulates both stream flows.
When IDC is executed on its own, this feature will simply be ignored.

Since all the flow routing and demand calculations that are explained for version
4.0 are the same in version 4.1, these simulation methods will not be iterated here.

Instead, only the new features will be detailed in the following sections.

5.1. Riparian Vegetation Access to Stream Flows

In version 4.0 of the root zone component, the only sources of moisture to meet the

evapotranspirative demand of riparian vegetation are precipitation, any moisture
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that is already stored in the root zone and user-specified generic sources, if any. In
the real-world, riparian vegetation grows near streams and part of the
evapotranspirative demand is met by stream flow, either directly or by the moisture
in the root zone that is due to stream flow seepage.

In IDC, the user specifies the stream node for each grid cell from which riparian
vegetation in that cell will meet part or all of its evapotraspirative demand. Any grid
cell that is away from streams with no riparian vegetation is assigned a stream node
number of zero.

IDC uses the stream flow to meet the riparian water demand after considering
the contribution of moisture that is already available in the root zone, precipitation,
and any moisture from generic sources. First, equation (1) is solved to calculate the

e+l , to check if it is less

actual evapotranspiration at the end of the time step, ET
than the potential evapotranspiration specified by the user for riparian vegetation.
The required amount of water from the stream to meet the unmet riparian demand

is calculated as

t+1 t+1 t+1
ETstrm,pot = ETpot —ET " 20 (39)
where ETsttj;IIn’pot is the potential rate of evapotranspiration to be taken out of the

stream (L/T). The actual amount, ETSt 1

trm » depends on the actual stream flow that

is available at the stream node that the grid cell is connected to and it is found only
after the entire integrated hydrologic system is simulated (as mentioned earlier,
riparian evapotranspiration from streams is only simulated when IDC is linked to an

integrated hydrologic model):

. t+1 t+1 t+1
t+1 mm(ETstrm,potArip ) strm )
ETStrm = t+1 (40)
AL
rlp
where ETSt;IIn is the actual evapotranspiration from the stream (L/T), Ag;l is the

area of the riparian vegetation at the grid cell for which root zone flow processes are

simulated (L?),and szgn is the simulated stream flow (L3/T). Once ETstt-:rln is

calculated, the total riparian vegetation evapotranspiration is calculated as
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ETSH =ETHL 4T (41)

otal =~ tstrm

where ETtt;gll is the total riparian vegetation evapotranspiration (L/T).

IDC assumes that all stream flow contribution to evapotranspiration of riparian
vegetation is direct; i.e. the mechanism of the stream flow first seeping into the root
zone before meeting the evapotranspiration is ignored. This is because of the
conceptual set-up used in IDC where the flow exchange between the root zone and
the stream system is not considered in order to minimize the computer run-times.
On the other hand, the next section discusses the optional simulation of root water
uptake from groundwater which can implicitly handle the case where the stream
flow first seeps into the groundwater before potentially contributing to the riparian

evapotranspiration through root water uptake.

5.2. Root Water Uptake from Groundwater

Shallow groundwater can meet part or all of the plant evapotranspirative demand. In
IDC, groundwater contribution to evapotranspiration is considered as the first
source of moisture that is available to the plants. As will be explained later, one of the
information IDC requires to compute the root water uptake from groundwater is
the depth-to-groundwater. When IDC is run as a stand-alone program the user can
specify time series depth-to-groundwater data at each finite element cell. This data
can be obtained either from field measurements or from separate groundwater
models. IfIDC is executed as a linked component of an integrated hydrologic model
such as IWFM, depth-to-groundwater is calculated dynamically by the integrated
hydrologic model and passed to IDC.

Figure 17 shows a schematic representation of the root zone and root water
uptake from groundwater as simulated by IDC. At each grid cell the user specifies a
capillary rise above the saturated groundwater table. IDC assumes that the soil
moisture content at the groundwater table is at total porosity (assumed equal to the
specific yield of the aquifer material) and declines linearly to zero at a height equal to
the capillary rise above the groundwater table. The maximum potential root water
uptake from groundwater is calculated as the part of the capillary rise and the

saturated groundwater that intersect with the root zone:
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Figure 17. Schematic representation of root zone and root water uptake from groundwater
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1

where ET;,;’pot is the maximum potential root water uptake from groundwater

(L/7T), S, is the aquifer specific yield (dimensionless), ngw is the depth-to-
groundwater (computed as the ground surface elevation less the groundwater head)
at the beginning of time step (L), C, is the height of capillary rise above the
groundwater table (L), and At is the simulation time step length (T). In equation
(42), already known value of the depth-to-groundwater at the beginning of the time
step is used to avoid additional iterations between IDC and the groundwater
simulation component of the integrated hydrologic model that would arise if the
unknown head at the current time step were used.

The actual root water uptake from groundwater is calculated as

1 . 1 1
ETg! =min(ETpe! , ETgatpor ) (43)

IfIDC is linked to an integrated hydrologic model, then ETg\,1 in (43)

becomes a sink term for the groundwater component of the model.

When simulated, root water uptake from groundwater also affects the demand
for irrigation water for ponded and non-ponded crops. For non-ponded crops, IDC
uses either equation (23) or equation (26) to calculate the irrigation water demand,
depending on if IDC is asked to maintain a minimum percolation, whereas for
ponded crops it uses equation (28). To calculate the effect of groundwater on
irrigation water demand, IDC uses a modified potential ET, ET potmod, in equations
(23), (26) or (28) by considering the ability of groundwater to meet part or all of
the potential crop ET. Therefore, the irrigation water demand when root water
uptake from groundwater is considered is calculated by using the modified potential

ET instead of the original potential ET":

t+1 t+1
Ay = f(ET‘pot,mod ) (44)
where
t+1 t+1 t+1
TS od = ma.x(O JETS - ETgw’pot) (45)
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6. Root Zone Component Version 4.11

This version is exactly the same as version 4.1 except that it allows the user to print
out Z-Budget data files for Land and Water Use as well as the Root Zone budgets.
These files can then be post-processed using the Z-Budget tool to analyze the water
demand, water supply and the root zone water budget for elements grouped into
zones by the user. Land and Water Use Z-Budget and Root Zone Z-Budget outputs
will be discussed later in this document. The input files to run the Z-Budget post-
processing tool are described in the User’s Manual for INFM-201S (Dogrul 2017b).

7. Root Zone Component Version 5.0

This version of the root zone component uses similar methods as in version 4.0 to
compute water demands and route the water through the root zone, but for an
average agricultural crop, and for each land use and soil type combination.

The user specifies as many soil types as is necessary for the application along
with their soil parameters (wilting point, field capacity, total porosity, saturated
hydraulic conductivity and pore size distribution index) and each grid cell is
associated with one of these soil types. The user also specifies as many agricultural
cops as required by the application along with the crop and irrigation management
parameters as well as the evapotranspiration. Additionally, the individual crop areas
are specified at each subregion (subregions are groups of elements that represent
sub-areas within the model domain) while total agricultural areas are specified for
each grid cell. Based on the subregional crop areas IDC calculates area-weighted
average crop characteristics that are then used in calculating average agricultural
water demand and in routing water through the agricultural root zone at each soil
type.

The urban and average agricultural water demands as well as the root zone flow
terms for agricultural, urban, native and riparian vegetation areas are computed in
unit rates at each soil type. By multiplying these values with the area of each of the
four land use type in a cell leads to cell-level volumetric water demands and root
zone flows.

Root zone component version 5.0 is developed mainly to provide backward
compatibility to the older versions of IDC prior to version 4.0. Although it is not as

accurate as versions 4.0 through 4.11, mainly because it simulates agricultural flows
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for an average crop, it can be used as a screening tool to quickly analyze the effects of

management alternatives.

8. Running IDC

IDC can be executed as a stand-alone model or it can be linked to other simulation
models that operate on finite-element or finite-difference type computational grids.
Both the source code and the compiled executables are available for download from
the IDC web site at http://baydeltaoffice.water.ca.gov/modeling/hydrology/
IDC/index_IDC.cfm. IDC, either executed as a stand-alone model or linked to
other simulation models, requires a main control input file that lists the names of
data files used for the simulation, the simulation period and length of time step, as
well as the output options. Depending on the specifications listed in the input data
files, one or more output files are generated. These files store simulated water
budget information at each subregion or each grid cell and they are in HDFS file
format. Another program, Budget.exe, is required to process the subregional files
and generate water budget tables in ASCII text format. Z-Budget.exe program is
used to process cell-level water budget information and aggregate them for user-
defined zones which are groups of cells. Budget.exe and Z-Budget.exe are also
available for download from IWFM web site. Next, the IDC’s time-tracking feature
as well as input files that are used and output files that are generated by IDC are

discussed.
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8.1. Simulation Time Tracking

To better represent the temporal distribution of input and output data, IDC keeps
track of the actual date and time of each time step in a simulation period. Each data
entry in input time series data files is required to have a date and time stamp which
allows IDC to retrieve time series data correctly. This, in return, allows the user to
maintain a single set of time series input data files for applications where the starting
and ending date and time of the simulation may change. For example, during the
calibration stage of a project, the simulation is run for two periods: calibration
period and the verification period. In a time tracking simulation, time series input
data files can be prepared so that the data covers both the calibration and
verification periods. Then the same time series data files can be used for both
calibration and verification runs without the need for modification. Since a time
tracking simulation keeps track of actual date and time of each of the simulation
time steps, IDC can retrieve the correct data from the time series data files.

Time tracking simulations allow usage of HEC-DSS files as well as ASCII text
files for time series data input and output. HEC-DSS is a database format designed
by Hydrologic Engineering Center (HEC) of U.S. Army Corps of Engineers
specifically for time-series data encountered in hydrologic applications. These files
allow efficient storage and retrieval of hydrologic time series data, and HEC offers
free utilities (HEC-DSSVue and DSS Excel add-in) for manipulation, visualization
and analysis of data stored in DSS files. These utilities and instructions on how to
use DSS files can be downloaded from HEC web site at www.hec.usace.army.mil.

Another advantage of time tracking simulations is that results that are printed to
output files have date and time stamps associated with them. This allows easy
comparison of simulation results to observed values which generally come with the

date and time of observation.

8.1.1.  Length of Simulation Time Step

In order to be consistent with the standards of HEC-DSS database files, IDC
restricts the length of simulation time step that can be used in an application. The

allowable time step lengths are listed in Table S.
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Table 5. List of allowable time step lengths in IDC simulations

Time Step IDC Time Step IDC Time Step IDC
Length Notation Length Notation Length Notation
1 minute TMIN 1 hour THOUR 1 day 1DAY

2 minutes 2MIN 2 hours 2HOUR 1 week TWEEK

3 minutes 3MIN 3 hours 3HOUR 1 month 1TMON

4 minutes 4MIN 4 hours 4HOUR 1 year TYEAR

5 minutes SMIN 6 hours 6HOUR

10 minutes 10MIN 8 hours 8HOUR

15 minutes 15MIN 12 hours 12HOUR

20 minutes 20MIN

30 minutes 30MIN

8.1.2. Time Step Format

In IDC, start and end date and time of simulation period as well as the date and time
of each data entry in time series data input files are required to be specified by using
a time stamp. The format of the time stamp is as follows:

MM/DD/YYYY hh:mm

where
MM = two digit month index;
DD = two digit day index;
YYYY = four digityear;
hh = two digit hour in terms of military time (e.g. 1:00pm is represented
as 13:00);
mm = two digit minute.

The time is represented in military time and midnight is referred to as 24:00.
For instance, 05/28/1973_24:00 represents the midnight on the night of May 238,
1973. Another example is the starting date and time of a simulation period: if the
initial conditions for a daily simulation is given for the end of September 30, 1975,
then the time stamp for the starting date and time of the simulation will be
09/30/1975_24:00. The first simulation result will be printed for October 1, 1975
at midnight with the time stamp 10/01/1975_24:00.
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8.1.3.  Preparation of Time Series Data Input Files

The user is allowed to use a mixture of ASCII text and DSS files for time series input
data. In preparing these files, the rules listed below should be followed:

1. The data should have a regular interval. Gaps in the data are not allowed.
For instance, if the data is monthly a value for every month should be
entered.

2. The time stamp of the data represents the end of the interval for which the
data is valid. For instance, in monthly time series evapotranspiration data, a
data point time stamped with 08/31/1995 24:00 represents the
evapotranspiration that occurred in August of 1995. As another example, if
the starting date and time of the simulation periodis 12/31/1970_24:00
(i.e. initial conditions are given at the midnight of December 31, 1970) in a
daily simulation, then IDC will search for the time series data time-stamped
as 01/01/1971_24:00 (data for January Ist in 1971) in the time series input
files.

3. The smallest interval that can be used for time series data is 1 minute.

4. Atime series input data can be constant throughout the simulation period. If
an ASCII text file is used for data input, the time stamp for the constant
value can be set to a date and time that is greater than the ending date and
time of the simulation period. For instance, if the simulation period ends at
06/15/2003_18:00 (6:00pm on June 15,2003), then the constant value
can have a time stamp 12/31/2100_24:00 (midnight on the night of
December 31, 2100). IDC reads the constant value for the midnight of
December 31,2100 and uses this value for all simulation times before this
date and time. Generally, time series input files include conversion factors to
convert only the “spatial” component of the input data unit. The temporal
unit is deduced from the time interval of the input data. In the case of
constant time series data, IDC is not able to obtain the time interval and,
hence, the temporal unit. If a constant value for time series data is used, the
user should make sure that appropriate conversion factors are supplied so
that the temporal and spatial units of the input data are consistent with
those used internally during the simulation. Time series data that is constant

can also be represented in DSS files but this is not suggested.
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Table 6. Example for the representation of recycled

S.  For rate-type time series data (e.g.

time series data evapotranspiration data), the time unit is

Time Stamp

Fraction of assumed to be the interval of data. For instance,
Urban Indoors Water

if the evapotranspiration data is entered

04/30/4000_24:00 0.70

monthly, IDC assumes that the time unit of the
08/31/4000_24:00 0.50

evapotranspiration rates is 1 month. When time
12/31/4000_24:00 0.35

series data is a constant value for the entire
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simulation period IDC has no way to figure out the time unit of the input
data. In this case the user should make sure that the time unit of data is the
same as the consistent time unit of simulation.

6. Forrecycled time series data (e.g. fraction of total urban water that is used
indoors given for each month but do not change from one year to the
other), the year of the time stamp can be set to 4000. Year 4000 is a special
flag for IDC such that it replaces year 4000 with the simulation year to
retrieve the appropriate data from the input file. As an example consider the
time series data in Table 6 for the fraction of total urban water that is used
indoors. This data set represents that for the initial third of each simulation
year the urban water indoors usage fraction is 0.7, for the second third it is
0.5 and for the last third it is 0.35. Recycled time series data can be used in
both ASCII text and DSS files. If a monthly time series data is to be recycled
the user should enter the time stamp for the last day of February as
02/29/4000_24:00 to address both the leap and non-leap years.

The interval of time series data is required to be synchronized with the
simulation time step. Table 7 shows examples of accepted and unaccepted
situations. It should be noted that IDC will continue to read data from the input files
even if the data interval is not properly synchronized with the simulation time step.
However, in such cases there is no guarantee that the correct data will be retrieved
from the input file. Therefore, it is up to the user to ensure correct synchronization

between the input data and the simulation time step.

8.2. Input and Output Data File Types

IDC can access multiple file formats: (i) ASCII text, (ii) HDFS and (iii) HEC-DSS
files. The user can use several file formats in a single application. For instance, some

of the input time series data can be read from HEC-DSS files whereas the rest can be
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read from ASCII text files. Some of the time series simulation results can be printed
out to ASCII text files and the others can be printed out to HEC-DSS files.

Although IDC allows usage of several file formats in a single application, some of
the input and output files are required to be in specific formats. For instance, all
budget output files generated by IDC and read in by Budget post-processors are
required to be in HDFS format. Another example is the main control input file for all
IDC: this file is required to be in ASCII text file format.

IDC recognizes the file formats from the file name extensions. Table 8 lists the

extensions that are recognized by IDC for each of the file formats.

Table 7. Examples for acceptable and unacceptable cases for the synchronization of time series data
interval and the simulation time step

Situation Graphical Representation Accepted
| | | | | >t
Monthly time series TS data r ! ! ! ' Yes
data, monthly simulation . o I [ [ I
Simulation |- 1 | | 1 >t
Monthly time series TS data Ir : l : i >t
data, Yes
daiy simiation | simultion H-HHHHHHHHHHHHHHHHHH—>
Monthly time series I d ! I | | | .t
data, monthly simulation ata I | [ [ [ v
: : . . No
(TS data times don't Simulation } ! } } » t
match simulation times)
1 | | | | >
Monthly time series TS data I | [ [ [ >t No
data, weekly simulation Simulation  p—————+——+—4+—+—+—+—+—1 |
] | | | | >
Monthly time series TS data M | I [ [ >t No
data, yearly simulation Simulation ' : >t
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8.3. Input Files

Table 8. Filename extensions recognized by

/o — Input files in IDC include comment lines as well as
File Type Reco%r;ii(:iginame the input data itself. A line with one of “C”, “c” or “*”
AT at the first column is identified as a comment line.
TIXT The inclusion of comment lines allows IDC files to
OuT be self-documenting; the purpose of each file along
Al Hl\’l\l 1 with the description of each input data are already
IN2 included in IDC input file templates, and the user
BUP can include explanations for the data development
HHIEFFS directly in the input files using the comment lines.
HDFS H5 A schematic representation of IDC input file
HES structure is given in Figure 18. A Main Input File
HEC-DSS .DSS serves as the starting point for an IDC simulation.
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The IDC Main Input File lists the names of the data
files that include grid nodal x-y coordinates,
element configuration data, precipitation and evaporation data, list of elements that
are covered by lakes or reservoirs where root zone flow processes are not simulated,
and the root zone parameters.

The IDC Main Input File also lists the beginning and ending date and time of
the simulation as well as the simulation time step length. Factors to convert IDC
simulation units into desired units of output are also listed in this file.

Root Zone Parameter File that is listed in the IDC Main Input File acts as a
gateway to all the parameters and data files required for the simulation of the root
zone flow processes and water demand computations. The first line of data entry in
this file lists the version number of the root zone component (e.g. 4.0 or 4.1). Once
IDC reads this version number it knows what additional parameters it should read
and what flow processes it should simulate. The Root Zone Parameter File also
includes names of gateway data files required for the simulation of non-ponded
crops, ponded crops, urban lands, and lands with native and riparian vegetation.
Additionally, it includes file names for simulation output, soil parameters at each cell
and the destination for the surface runoff generated at each cell. Gateway files for
non-ponded crops, ponded-crops, urban lands and lands with native and riparian
vegetation act as containers for additional data file names and parameters that are

necessary to simulate the flow processes and water demands (if applicable) for these
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Figure 18. Schematic representation of the IDC input file structure

Main Control Data File
A, B R R R R ] -
> Non-Ponded Crops Main Data ——> Data Files for Non-Ponded Crops |
File (OPTIONAL) e e o e o ___ 1
.| NodeX-YCoordinate | | 0 M v L e e e - -
™ il .| Ponded Crops Main Data File ] Data Files for Ponded Crops I
"] (OPTIONAL) - - o ___ 1
.| Element Configuration . L e - — - -
"| File > Urban Main Data File ——! Data Files for Urban Lands |
(OPTIONAL) e o o e e e e e __ 1
.| Lake Elements Data File | Native/Riparian Veg. Main Data _| D:ta;il:s f: . ;at;/e7Ri_a;an_Ve_ -;
| (OPTIONAL) "| File (OPTIONAL) e e panan 7eg |

Generic Moisture Inflow Data
File (OPTIONAL)

Root Zone Parameter
File

A\ 4

\ 4

Return Flow Fractions File

\ 4

Depth-to-GW Data File
(OPTIONAL)

\ 4

\ 4

Re-use Fractions File

\ 4

Precipitation Data File

A\ 4

Irrigation Period Flags File

Evapotranspiration Data
File

A\ 4

Agricultural Water Demand File
(OPTIONAL)

A\ 4

Land & Water Use Budget
(OUTPUT, OPTIONAL)

\ 4

Root Zone Moisture Budget
(OUTPUT, OPTIONAL)

\ 4

End-of-Simulation Moisture
(OUTPUT, OPTIONAL)

\ 4

land-use types. These gateway files provide a structure for the user to group related
data files as well as turn on or off the simulation of particular land use types in an
application. For instance, by leaving blank the name of the gateway file for non-

ponded crops in the Root Zone Parameter File, the user can easily omit the
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simulation of flow processes for non-ponded crops. This feature allows easy
implementation of scenario studies where a particular land-use type is assumed to be
non-existent with respect to a base-case scenario.

Each land-use type (non-ponded crops, ponded-crops, urban or native and
riparian vegetation) include a data file that lists the area of each land-use type at a
grid cell. These areas can be entered either as absolute areas or as fractions of the
total cell area. In either case, IDC normalizes all areas (given as absolute areas or
crops, urban lands and lands with native and riparian vegetation should also be
specified as fractions. Otherwise, the total cell area will be incorrectly divided into
the land-use types.

The following sections describe in detail the variables to be populated in each of

the input file and display sample files.

8.3.1. IDC Main Input File

The IDC Main Input File serves as the starting point for an IDC simulation. The
names of the data files for the IDC simulation are listed in this file as well as the
beginning and ending date and time of the simulation, the simulation time step
length and output control options.

The following is a list of the variables used in this data file:

BDT Beginning simulation date and time; use
MM/DD/YYYY hh:mm format
EDT Ending simulation date and time; use
MM/DD/YYYY hh:mm format
UNITT Time step length and unit; choose one of the options listed in

the IDC Main Input File which are time steps that are
recognized by HEC-DSS database system

CACHE This is the minimum number of simulation results for each
time series output data that is stored in the computer memory
before saved onto the hard disk; a large value (e.g. 50000 or
more) that is permissible by the memory resources may have
a substantial effect on decreasing the simulation run-times

KDEB Switch for simulation progress monitoring (1 = print detailed

messages on the screen; 0 = print only simulation timesteps

on the screen; —1 = do not print any messages on the screen)
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e ]

C

C IWFM DEMAND CALCULATOR (IDC)
C **% Version ### ***

C

[ A R e AR

MAIN INPUT FILE

Project: IDC Version ### Release
California Department of Water Resources
Filename: IDC MAIN.in

e ke e e e e e e e e ek ek ok ko ko ko ok ok ok o ok ok sk ok ok o ok ok ok ok ok ok o ok ok ok ok ok ok o ok ok ok ok ok ok K ok ok ok ok ok ok ok ok ok ok ok

File Description

This file contains the control data for IDC that includes the names and
descriptions of all simulation files; simulation pericd and output control
options.

Hokkkk ok kok ok ok ok ok ok ke ke ke ko ke ks ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok K ok ok ok ok o ok K ok ok ok kK kK

File Description

*Listed below are all input and output file names used when running the
utility.

*Each file name has a maximum length of 1000 characters

*If an optional file does not exist for a project, leave the filename blank

FILE NAME DESCRIPTION

aooaoaoaaoaaaoaaoaoaaoaaaoaonoaaoaan

Grid\Element.dat
Grid\NodeXY.dat

/ 1: ELEMENT CONFIGURATION FILE (INPUT, REQUIRED)

/ 2: NODE X-Y COORDINATE FILE (INPUT, REQUIRED)

/ 3: LAKE ELEMENTS DATA FILE (INPUT, OPTIONAL)

RootZone\ROOTZONE_MAIN.dat / 4: ROOT ZONE PARAMETER DATA FILE (INPUT, REQUIRED)

DepthToGW.dat / 5: DEPTH-TO-GROUNDWATER DATA FILE (INPUT, OPTIONAL)

Precip ET\Precip.dat / 6: PRECIPITATION DATA FILE {INPUT, REQUIRED)

Precip ET\ET.dat / 7: EVAPOTRANSPIRATION DATA FILE (INPUT, REQUIRED)
* kK

(G R R R R R R R R R R R R R R kR Ak

Model Simulation Period
The following lists the simulation beginning time, ending time and time step length.

BDT ; Beginning simulation date and time. Use MM/DD/YYYY hh:mm format.
* Midnight is 24:00

EDT ; Ending simulation date and time. Use MM/DD/YYYY hhimm format.
* Midnight is 24:00

UNITT : Time step length and unit. Choose one of the following:

2MIN
3MIN
AMIN
SMIN
10MIN
15MIN
20MIN
30MIN
1HOUR
2HOUR
3HOUR
4HOUR
6HOUR
8HOUR
12HOUR
1DAY
1WEEK
1MON
1YEAR

VALUE DESCRIPTION

aaoaoaoaaaoaaoaoaaaaoaaooaooaaoaaoaaoaaaaan

09/30/1997_24:00 / BDT
09/30/2001_24:00 / EDT
lday / UNITT

(G kR R R R R R R R R R R kR kK

C output Control Options
C
o} CACHE ; Cache size in terms of number of wvalues stored for time series data output
C KDEB ; Enter 1 - to print messages on the screen to monitor execution
C Enter 0 - otherwise
(o} Enter -1 - to supress printing of timesteps on the screen
o}
C
C VALUE DESCRIPTION
C
5000000 / CACHE
0 / KDEB
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8.3.2. Element Configuration File

The Element Configuration File details the element configuration for each element
represented in the finite element mesh, number of subregions that the model
domain is divided into, the name of the subregions and the subregion number that
each element belongs to. Each element is configured using three or four nodal
points. All elements that represent the model domain are either triangular or
quadrilateral. A zero value for IDE(4) indicates that the element is triangular. Nodes
corresponding to each element are specified in a counterclockwise manner. IWFM
Mesh Generator that is available for download from the IWFM web site can be used
to quickly generate the finite element grid. The following variables are required as

input in Element Configuration File:

NE Number of elements within the model domain

NREGN Number of subregions the model domain is divided into
RNAME Name of each subregion (maximum 50 characters long)

IE Element number

IDE Nodes corresponding to each element number; 3 nodes are

associated with each triangular element (4" node should be
set to zero) and 4 nodes are associated with each quadrilateral
element

IRGE Subregion number that element IE belongs to
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I R Y

C
C INTEGRATED WATER FLOW MODEL (IWFM}
C&&&&&&&&&&&&&&&lllllliiiiiiiiii{iii{{{iiiii{i»i»i»i»i»i»*****************************
C
C ELEMENT CONFIGURATION FILE
[od Discretization Component
c *r* Version ### ***
C
C
o} Project: IDC Version ### Release
C California Department of Water Resources
C Filename: Element.dat
C
CHEXE XA XA XA XA XTI AT AT A I I AT A I A I A I A I A I A I AT A I A I A AR h bk bk bk bk bk bk hkhk ok hkhkhkhkhkdk
< File Description
C
o] This file contains the element configuration for each element.
C The nodes that make a finite element are listed for each element in
C a counter-clock wise fashion starting with any node. For triangular elements,
C the fourth node is specified as zero.
C
c
C For example,
C
C 1 14 17
C I I I
C I 2 I 3 I
C I I I
(o] I I I
C 15— —— 16
c
c
C The configuration for elements 2 and 3 will be listed as,
C
C element node 1 node 2 node 3 node 4
C 2 13 15 16 14
C 3 14 16 17 0
c
C**************i**ﬁﬁﬁﬁiiiiiiiiiiﬂiﬂnnnQQ****************************************
o] Element Configuration Data
C
C NE ; Number of elements within the model demain
[od NREGN ; Number of subregions
C
C
C VALUE DESCRIPTION
C
400 / NE
4 / NREGN

PR T

c Sub-region Names
C
C The following lists the names for each sub-region in a sequential order.
C
C
C
C RNAME; Sub-region name (max. 50 characters)
C
C
C VALUE DESCRIPTION
C
Regionl / RNAMEL
Region2 / RNAME2
Region3 / RNAME3
Regiond / RNAME4
LR L R T T R S ]
c
C The data listed below represents all elements and corresponding nodes
€ within the model domain.
C
C IE; Element number
C IDE; Nodes corresponding to each element
C *Note* IDE(4} is zero for all triangular elements
c IRGE; Subregion number to which element IE belongs to
c
C
¢ Element = ------------ Corresponding Nodes-------=-----——-—- Subregion
C IE IDE (1} IDE (2} IDE (3} IDE (4} IRGE
C
1 1 2 23 22 1
2 2 3 24 23 1
3 3 4 25 24 1
4 4 5 26 25 1
5 5 6 27 26 1
. . . . . .
397 416 417 438 437 4
398 417 418 439 438 4
399 418 419 440 439 4
400 419 420 441 440 4
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8.3.3. Nodal X-Y Coordinate File

The nodal coordinate file contains node numbers and corresponding x and y
coordinates. Any coordinate units may be used as long as the appropriate
conversion factor is given. This file sets up the spatial orientation of the finite
element mesh nodes in the model domain. The finite element mesh is generated
from the nodal coordinates, as well as relationship between elements and

corresponding nodes (refer to the Element Configuration File).

ND Number of nodes

FACT Factor to convert nodal coordinates to simulation unit of
length

ID Node identification number

X x-coordinate of node location

Y y-coordinate of node location
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bbbk ok ok ko ok ok ok ok ok ko ko ko ko ko ok ko ko ko ke ek ko ok ko ko ok ko ko ko ko ko ko
C
C INTEGRATED WATER FLOW MODEL (IWFM)

C
[ T e

NODAL X-Y COCRDINATE FILE
Discretization Component
**% Version ### **+*

Project: IDC Version ### Release
California Department of Water Resources
Filename: NodeXY.dat

ek ek ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ek ok ok o ok ok ok ko ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

File Description

*This file includes all groundwater nodes that represent the model domain,
as well as the x and y coordinates that correspond with each node.

*The coordinates can be specified for any reference point and coordinate
system

ek ok ke ko ok ko ok ok ko ok ok ok ok ok ok ok ke k ok ok ok ok Kk ok ke ek ko ok ok ok ok ok ok ok ok ok ko ok ok ko ok

Groundwater Node Specifications

ND; Number of groundwater nodes
FACT; Conversion factor for nodal coordinates

Qoo aooaooaoaoaoaooaoaoaoaaaoaan

VALUE DESCRIPTION
441 /ND
1.0 /FACT

Crrrrkdkhk kXA XXX XX A XA Fhdhdhddhhdhhdhhhhhhhhhhhhhhhhhhhdhhdhhhhhhhhhhhhhhhhhhodadod b x
Groundwater Node Locations
The following lists the node number and x & y coordinate of each node

ID; Groundwater node number
X,¥Y; Coordinates of groundwater node location; [L]

aaoaoaoaaoaoaaa

Node === --Coordinates--

D b4 Y

1 0.0 0.0

2 2000.0 0.0

3 4000.0 0.0

4 6000.0 0.0

5 8000.0 0.0
437 32000.0 40000.0
438 34000.0 40000.0
439 36000.0 40000.0
440 38000.0 40000.0
441 40000.0 40000.0
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8.3.4. Lake Elements Data File

The Lake Elements Data File lists the grid cells that are lake elements and will be
excluded from land surface and root zone flow computations. It should be noted
that lakes in IDC are different then the ponded areas for rice and refuges. Rice and
refuge ponding operations are explicitly simulated in IDC and the grid cells with
such ponds should not be listed in the Lake Elements Data File.

The following variables are used in this data file:

NTELAKE Total number of lake elements

IELAKE List of lake elements

CHRr AR AR AR AR AR AR AR R AR A AR AR A AR AR A AR AR A AR AR AR AR A AR AR A AR AR A AR AR A AR AR AR AR AR AR R

[
C IWFM DEMAND CALCULATOR (IDC)
c #rE Version #E§ FrE

C
R e e e T s T T T

LAKE ELEMENTS DATA FILE

Project: IDC Version ### Release
California Department of Water Resources
Filename: LakeElens.dat

R T S e T T T T TR T L

File Description:

This data file lists the lake elements that will be excluded from root zone
flow routing.

AR AR A R A A A A A A A A A A R A A A A AR A A A A AR A A A AR A A A A AR AR A AR AR A A AR AR A A AR AR AR AR A A AR A A A A L
Lake Elements Data

NTELAKE ; Total number of lake elements
IELAKE ; Lake element number

VALUE DESCRIPTION

oooOonOonoOooooOoOoooo0oo oo onno

7 / NTELEKE

IELAKE

[sRwRe]

1z
1z
568
a7
a8
10z
103
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8.3.5. Depth-to-Groundwater Data File

To simulate the contribution of groundwater to plant evapotranspiration, the
Depth-to-Groundwater data file must be specified. This data file lists the specific
yield for the underlying aquifer material and time series depth-to-groundwater at
each finite element cell. This information can be obtained deduced from field
measurements or from a groundwater model. When IDC is linked to an integrated
hydrologic model such as IWFM, the depth-to-groundwater data is computed
dynamically by the hydrologic model and passed to IDC. It should be noted that if
the contribution of groundwater to evapotranspiration is to be simulated, then Root
Zone Component Version 4.1 must be used.

The following variables are used in this file:

NDGW Number of depth-to-groundwater time series data columns
FACTDGW Conversion factor for depth-to-groundwater
NSPDGW Number of time steps to update the depth-to-groundwater

data; if time tracking simulation, enter any number
NFQDGW Repetition frequency of the depth-to-groundwater data (enter
zero if full time series data is supplied); if time tracking
simulation, enter any number
DSSFL If the time series data is stored in a DSS file, name of the file;
leave blank if the data is listed in the Depth-to-Groundwater
Data File

Aquifer Specific Yield and Cell-Data Connections
In this section, specific yield of the underlying aquifer material and the depth-to-

groundwater data column pointer are listed for each finite element cell:

IE Finite element identification number entered sequentially

SY Specific yield of the underlying aquifer material at element IE;
[L/L]

IDGW Column number for the depth-to-groundwater time series

data to be used at element IE
Data Input from Depth-to-Groundwater Data File

If the time series data is listed in the Depth-to-Groundwater Data File, then the

following variables need to be populated. Otherwise, these variables should be
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commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
ITDGW Time. For time tracking simulations use
MM/DD/YYYY hh:mm format, for non-time tracking

simulations enter an integer number.

DGW Depth-to-groundwater time series data, [L]
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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e e L

c

C IWFM DEMAND CALCULATOR (IDC}
C *** Version ### ***

c

SR e e e e e e

DEPTH-TO-GROUNDWATER DATA FILE

Project: IDC Version ### Release
California Department of Water Resources
Filename: DepthToGW.dat

Sk ke ko ok ok ok ko ko ok ko kb ok ok ok ok kb kb ko kR kR
File Description:

This data file lists the specific yield of underlying aquifer material and
time-series depth-to-groundwater data at each element to be used in water
demand calculaticns and root zone flow routing.

FAXAA KA KA FAAKAAAAAAAAA A A A A A A XA XA XA XA AFAF A FFFF 444 F 444 dAd A4 A4 b4 d A4 A4 A4 d 44444
Depth-to-Groundwater Time Series Data Specifications

NDGW ; Number of data columns (or pathnames if DSS files are used)
FACTDGW; Conversion factor for depth-to-groundwater data
NSPDGW ; Number of time steps to update the depth-to-groundwater data
* Enter any number if time-tracking option is on
NFQDGW ; Repetition frequency of the depth-to-groundwater data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input (maximum 50 characters);
* Leave blank i1f DSS file is not used for data input

VALUE DESCRIPTION

aoaoaoaoaoaoaoaoaoaoaoaoaooaoaoaoaoaoaaoaoaaoaoaoaoaoaan

NDGW
FACTDGW
NSPDGW
NFQDGW
DSSFL

o R e R e R

or PP
N

o} Specific Yield and Element-Data-Column Connections
c
C IE ; Element ID
o} sY ; Specific yield of the underlying aquifer material to be used in computing root
(o] water uptake from groundwater; [L/L]
C IDGW ; Depth-to-groundwater data column to be used for element IE
c
C
o} IE 3Y IDGH
C
1 0.2 1
2 0.2 1
3 0.2 1
3927 0.2 1
398 0.2 1
399 0.2 1
400 0.2 1
Chkhkkhk ok ko h kA kA kA AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR AR AR AR AR AR AR AR AR AR AR ARk

c Depth-to-Groundwater Data
Cc {(READ FROM THIS FILE)
c
C  List depth-to-groundwater data below, if it will
C not be read from a DSS file (i.e. DSSFL is left blank above).
c
(o] ITDGW ; Time
(o} DGwW ; Depth-to-groundwater; [L]
c
Cc
C ITDGW DGW([1] DGW[2] DGW[3] ... DGW[NDGW]
c
12/31/2500_24:00 10.0
w
Cc
Cc Pathnames for Depth-to-Groundwater Data
Cc {READ FROM DSS FILE})
Cc
C List the pathnames for the depth-to-groundwater data below, if it will be read
(o} from a DSS file (i.e. DSSFL is specified above}.
c
C REC ; Time series record number
C PATH ; Pathname for the time series record
Cc
c
o} REC PATH
c
%
*
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8.3.6.  Precipitation File

The Precipitation File contains the time series rainfall values for each of the rainfall
stations used in the simulation. Each element is associated with a rainfall station in
the Root Zone Component Main File as described later in this document. The
factors that convert the precipitation at rainfall stations to the precipitation over the
elements are also listed in the Root Zone Component Main File. The rainfall data
for a station associated with an element is multiplied by the corresponding factor to
obtain the rainfall rate over an element.

In non-time tracking simulations a time-series precipitation data set of any
frequency can be used as the precipitation data in IDC. NSPRN and NFQRN must
be specified according to the frequency of the data entered. If the precipitation data
is specified for the entire simulation period, NFQRN should be set to zero. In time
tracking simulations the time series precipitation data can be either listed in this file
orina DSS file. If a DSS file is used for data input, then the name of the DSS file and
the pathnames corresponding to each of the time series data are required.

The following variables are used:

NRAIN Number of rainfall stations used in the model

FACTRN Conversion factor for the spatial component of the unit for

the rainfall rate

NSPRN Number of time steps to update the precipitation data; if time

tracking simulation, enter any number

NFQRN Repetition frequency of the precipitation data (enter zero if

full time series data is supplied); if time tracking simulation,
enter any number

DSSFL If the time series data is stored in a DSS file, name of the file;

leave blank if the data is listed in the Precipitation File

Data Input from Precipitation File

If the time series data is listed in the Precipitation File, then the following variables
need to be populated. Otherwise, these variables should be commented out using
“C”, “c” or “*”, and the variables in the “Data Input from DSS File” section below

should be populated.
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ITRN Time. For time tracking simulations use
MM/DD/YYYY_ hh:mm format, for non-time tracking

simulations enter an integer number.

ARAIN Rainfall rate at the corresponding rainfall station, [L/T]
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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R e e e e R R
C
C INTEGRATED WATER FLOW MODEL (IWFM)

C
R AR

PRECIPITATICON DATA FILE
Precipitation and Evapotranspiration Component
**% Version H## ***

Project : IDC Version ### Release
California Department of Water Resources
Filename: Precip.dat

Kok kkkhkkhkhkhkkhk ke ke k kA khk kA k h kA h ke k hk k h ok h ok k k h hk h ok k khh khkk ke hh kk kk ke h k hk ke k ke

File Description:

This data file contains the time-series rainfall at each rainfall station used
in the model.

Fkkk ko k ko ko ko k ok k ok Rk kR kR kR KRRk Rk Kk Rk k ke Rk ko kb kb k ok ko k ok k ok kb ke kk ok kR ke kR k ke kh b F

Rainfall Data Specifications

NRAIN ; Number of rainfall stations (or pathnames if DSS files are used)
used in the model
FACTRN; Conversion factor for rainfall rate
It is used to convert only the spatial component of the unit;
DO NOT include the conversion factor for time component of the unit.
* e.g. Unit of rainfall rate listed in this file = INCHES/MONTH
Consistent unit used in simulation = FEET/DAY
Enter FACTRN (INCHES/MONTH -> FEET/MONTH) = 8.33333E-02
(conversion of MONTH -> DAY is performed automatically)
NSPRN ; Number of time steps to update the precipitation data
* Enter any number if time-tracking option is on
NFQRN ; Repetition frequency of the precipitation data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input (maximum 50 characters);
* Leave blank if DSS file is not used for data input

aOooacaooooaoaaaoaoooooaOoaooOOoOaaaooaoaoaaan

VALUE DESCRIPTION
2 / NRAIN
8.33333E-2 / FACTRN {in -> ft)
1 / NSPRN
0 / NFQRN
TSDATA IN.DSS / DSSFL

Rainfall Data
(READ FRCM THIS FILE)

List the rainfall rates for each of the rainfall station below, if it will
not be read from a DSS file (i.e. DSSFL is left blank above).

ITRN ; Time
ARATIN; Rainfall rate at the corresponding rainfall station; [L/T]

ITRN ARAIN (1) ARAIN(2) ARAIN(3)

Pathnames for Rainfall Data
(READ FROM DSS FILE)

List the pathnames for the rainfall data below, if it will be read
from a DSS file (i.e. DSSFL is specified above).

REC ; Time series record number
PATH ; Pathname for the time series record

QOO0+ x000oaoaaaaaQnn

REC PATH
1 /SEMPLE_PROBLEM/GAGE1/PRECIF//1MON/FRECIPITATION/
2 /SEMPLE_PROBLEM/GAGEZ2/PRECIP//1MON/PRECIPITATION/
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8.3.7. Evapotranspiration File

The Evapotranspiration File contains time series ET data for all crop types and non-
agricultural land use types. The ET rates listed in this file are associated with
individual land-use types in each element using the related Root Zone Component
files as described later in this document. The conversion factor for the ET ratesis a
required input, as well as the number of time steps to update the data and the
repetition frequency of the data. In time tracking simulations the time series
evapotranspiration data can be either listed in this file or in a DSS file. If a DSS file is
used for data input, then the name of the DSS file and the pathnames corresponding
to each of the time series data are required. The ET rates listed in this file are
associated with individual land-use types in each element using the related root zone
component files as described later in this document.

The example file given below shows how recycled time series data in a time
tracking simulation can be specified using the special year 4000 flag. The following is
a list of the variables that need to be specified:

NCOLET Number of evapotranspiration data columns

FACTET Conversion factor for the spatial component of the unit for
the evapotranspiration rate

NSPET Number of time steps to update the ET data; if time tracking
simulation, enter any number

NEFQET Repetition frequency of the ET data (enter zero if full time
series data is supplied); if time tracking simulation, enter any
number

DSSFL If the time series data is stored in a DSS file, name of the file;

leave blank if the data is listed in the Evapotranspiration File

Data Input from Evapotranspiration File
If the time series data is listed in the Evapotranspiration File, then the following
variables need to be populated. Otherwise, these variables should be commented

» « » «“x»

out using “C”, “c” or “*”, and the variables in the “Data Input from DSS File” section
below should be populated.
ITEV Time. For time tracking simulations use
MM/DD/YYYY_hh:mm format, for non-time tracking

simulations enter an integer number.
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AEVAP Evapotranspiration rate, [L/T]
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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Chrrrrd kb kb kb A AR AR AR AR AR AR AR AR AR AR AR AR AR XA AR AR A A A A AR dAd A h A A kA dAdAdAdAd Ao AN x
C
o} INTEGRATED WATER FLOW MODEL (IWFM)
C

S T T T T Ty

EVAPOTRANSPIRATION DATA FILE
Precipitation and Evapotranspiration Component
**% Version #if# ***

Project : IDC Version ### Release
California Department of Water Rescurces
Filename: ET.dat

B R R L o e o ey

File Description:

This data file contains sets of evapotranspiration values that are used in
root zone, lake and small watershed components of Simulaticn.

e e e e e e e he e e ke e e e e e e e e e e e e o ok o e e e o o e ke ke ok o o e ke ok ok ok ke ke ke ok ok ok ke ok ok ok ok ke ok ok ok ok ok ke sk o ok ok sk sk ok ok ok e e e e e e e e
Evapotranspiration Data Specifications

NCOLET; Number of ET columns {or pathnames if DSS files are used)
FACTET: Conversion factor for evapotranspiraticn rate
It is used to convert only the spatial component of the unit;
DO NOT include the conversion facteor for time component of the unit.
* e.g. Unit of ET rate listed in this file = INCHES/MONTH
Consistent unit used in simulation = FEET/DAY
Enter FACTET ({(INCHES/MONTH -> FEET/MONTH) = 8.33333E-02
(conversion of MONTH -> DAY is performed autcmatically)
NSPET ; Number of time steps to update the ET data
* Enter any number if time-tracking cpticn is on
NFQET ; Repetition frequency of the ET data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking cpticn is on
DSSFL ; The name of the DSS file for data input (maximum 50 characters);
* Leave blank if DSS file is not used for data input

oaoaoaoaoaoaoaaoaaaoaaoaaoaooaooaaaoaooQaoaoaaaoaaaaoaan

VALUE DESCRIPTION
5 / NCOLET
0,083333 / FACTET ({in/menth -> ft/month
1 / NSPET
0 / NFQET
/ DSSFL

C

C Evapotranspiration Data

Cc (READ FROM THIS FILE)

C

C ITEV ; Time

o4 AEVAP; Evapotranspiration rate; [L/T]

C

C

C ITEV AEVAP[1l] AEVAP[Z] AEVAP[3] ... AEVAP[NCOLET]

C ________________
C Tomatoes Alfalfa Rice Urban Native
10/31/4000 24:00 3.4 3.5 2.2 3.4 3.4
11/30/4000_24:00 1.6 1.6 1.6 1.6 1.6
12/31/4000 24:00 1.0 1.0 1.0 0.5 1.0
01/31/4000:24:00 1.0 1.0 1.0 0.5 1.0
02/29/4000_24:00 1.8 1.8 1.8 1.8 1.8
03/31/4000_24:00 3.0 3.0 3.0 3.0 3.0
04/30/4000_24:00 4.5 4.1 8.0 4.5 4.5
05/31/4000_24:00 5.9 5.4 9.1 5.9 5.9
06/30/4000 24:00 7.3 6.8 10.4 7.3 7.3
07/31/4000:24:00 7.9 7.7 2.7 7.9 7.9
08/31/4000 24:00 6.6 6.8 7.0 6.6 6.6
09/3014000:24:00 5.2 5.4 1.9 5.2 5.2

C

C Pathnames for Evapotranspiraticon Data

C (READ FROM DSS FILE)

C

C List the pathnames for evapotranspiration data below, if it will
C be read from a DSS file (i.e. DSSFL is specified above).

C

C REC ; Time series record number

C PATH ; Pathname for the time series record

C

[of

C REC PATH

Cm e e e e
*

*
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8.3.8. Input Files for Root Zone Component Version 4.0

The root zone component is the main simulation part of IDC. Root Zone
Component Main File is the gateway to additional data files that are used in
simulating land surface and root zone flow processes at agricultural, urban, native
vegetation and riparian vegetation lands. Agricultural and urban water demands are
also computed in the root zone component. Root zone component version 4.0 files

are described in detail in the following sections.

8.3.8.1. Root Zone Component Main File

The Root Zone Component Main File includes the convergence criteria for the
iterative solution of the non-linear soil moisture mass balance equation, names of
additional input files that are used to simulate land surface and root zone flow
processes for agricultural, urban and natural lands, and agricultural and urban water
demands. Subregional Land and Water Use as well as Subregional Root Zone
Moisture Budget output filenames are also listed in this file. Soil properties at each
grid cell and the destination for the surface flow generated at each cell are listed in
the last section of the Root Zone Component Main File.

First data line of the Root Zone Component Main File lists the version number
(i.e. 4.0) of the root zone component that will be used in simulating the land surface
and root zone flow processes. IDC first reads this data line to figure out what other
parameters will be read and what flow processes are to be simulated. This first line of
data entry must not be modified.

The following sections and variables are defined in the rest of this file:

Root Zone Simulation Scheme Control and Filenames
In this section convergence criteria for the iterative solution methodology and
names of additional input and output files are listed.

RZCONV Convergence criteria for iterative soil moisture accounting as

a fraction of total porosity; [L/L]

RZITERMX Maximum number of iterations for iterative soil moisture
accounting

FACTCN Conversion factor to convert inches to the simulation unit of
length
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Filename for the Non-Ponded Crops Main File (maximum
1000 characters); leave blank if non-ponded crops are not
simulated

Filename for the Ponded Crops Main File (maximum 1000
characters); leave blank if rice and/or refuge lands are not
simulated

Filename for the Urban Lands Main File (maximum 1000
characters); leave blank if urban lands are not simulated
Filename for the Natural Lands Main File (maximum 1000
characters); leave blank if native and/or riparian vegetation
lands are not simulated

File that lists the return flow fractions (maximum 1000
characters); leave blank if only native and/or riparian
vegetation lands are simulated

File that lists the irrigation water re-use factors (maximum
1000 characters); leave blank if only native and/or riparian
vegetation lands are simulated

File that lists the irrigation periods for each ponded and non-
ponded crop (maximum 1000 characters); this is a required
file even if ponded and non-ponded crops are not simulated
File that lists generic source of moisture rates other than
precipitation and irrigation (maximum 1000 characters);
leave blank if there are no generic sources of moisture
simulated

File that lists agricultural water supply requirement
(maximum 1000 characters); leave blank if agricultural water
supply requirement for all crops will be computed
dynamically

HDFEFS output file for subregional land and water use budget
(maximum 1000 characters); leave blank if this output is not
required

HDFEFS output file for subregional root zone moisture
(maximum 1000 characters); leave blank if this output is not

required
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FNSMFL

FACTK

TUNITK

1IE

FC

TN

LAMBDA

K

RHC

IRNE

FRNE

IMSRC

TYPDEST

DEST

Output file for end-of-simulation soil moisture (maximum

1000 characters); leave blank if this output is not required

Soil Parameters and Surface Flow Destinations
In this section, soil parameters, precipitation rates, generic soil moisture sources (if

any) and surface runoff destinations are listed for each finite element.

Conversion factor for the spatial component of the root zone
hydraulic conductivity

Time unit of root zone hydraulic conductivity this should be
one of the units recognized by HEC-DSS that are listed in the
IDC Main Input File

Element identification number

Wilting point; [L/L]

Field capacity; [L/L]

Total porosity; [L/L]

Pore size distribution index

Saturated hydraulic conductivity; [L/T]

Method to represent hydraulic conductivity versus moisture
content curve (1 = Campbell's equation, 2 = van Genucten-
Mualem equation)

Precipitation rate; this number corresponds to the
appropriate data column in the Precipitation File

Factor to convert rainfall at the precipitation data column
IRNE to rainfall at element IE

Generic source of moisture; this number corresponds to the
appropriate data column in the Generic Moisture Source File
that applies to element IE (enter any number if the Generic
Moisture Source File, MSRCFL, is not defined)

Destination type for the surface flow from element IE (0 =
surface flow goes outside of model area, 1 = surface flow goes
to a stream node, 2 = surface flow goes to another element, 3
= surface flow goes to a lake, 4 = surface flow goes to a
subregion, S = surface flow recharges the groundwater)
Destination identification number for the surface flow from

element IE; enter any number if surface flow from the element
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goes outside the model area (TYPDEST = 0) or recharges the
groundwater (TYPDEST = §)
Saturated hydraulic conductivity to be used for ponded crops

in the element (enter —1.0 if KPonded is the same as K);
[L/T]
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#4.0
C*** DO NOT DELETE RBOVE LIKE ***
c

Cetetasesesesstatatatatesssseststatatatessersstssatatatesssrsrsssatatatonassanae
1+
c INTEGRATED WATER FLOW MODEL (IWEM)

Cressnussnsninbsmnanmnins

L L L L R L L e R L LR L e LTI

ROOT ZONE PARAMETERS DATA FILE
Root Zone Component
¢+ Version 4.0 ***

Project: 1IDC Verslon WH¥ Release
California Department of Water Rescurces
Filename: ROOTZONE_MAIN.dat
Ty

File Description

This data file contains the parameters and data file names for the simulation
of root zone processes.

T L R L L L L L T T T T T T T T T T T T T T Y

Root Zone Simulation Scheme Contrel and File Names

RZCONV  ; Convergence criterla for iterative soil molsture accounting as a
fraction of total porosity; [L/L)

RZITERMK ; Maximum number of iterations for iterative scil moisture accounting
FACTCHN  ; Conversion factor to convert inches to the simulation unit of length
RGNPFL 7 Non-ponded agricultural crop data file (max. 1000 characters)

* Leave blank if non-ponded crops are not simulated
PFL ¢ Rice/refuge data file (max. 1000 characters)
* Leave blank if rice and/or refuge lands are not simulated
URBFL : Urban lands data file (max. 1000 characters)
* Leave blank if urban lands are not simulated
KVRVFL ; Native/riparian vegetation lands data file (max. 1000 characters)
* Leave blank if native and/or riparion veg. lands are not simulated

RFFL ; File that lists the return flow fractions (max. 1000 characters)
* Leave blank if only native/riparian vegetation lands are simulated
RUFL i File that lists the lrrigation water re-use factors (max. 1000 characters)
* Leave blank if only native/riparian vegetation lands are simulated
IPFL ; File that lists the irrigation pericds for each ponded and

non-ponded crop (max. 1000 characters)
* Leave blank if both ponded and non-ponded crops are not simulated
KSRCFL i File that lists generic source of molsture rates other than precipitation
and irrigation (max. 1000 characters)
* Leave blank if there are no generic sources of moisture simulated
RGWDFL ; File that lists agricultural water supply requirement (max. 1000 characters)
* Leave blank if agricultural water supply requirement will be computed
dynamically
LWUBUDFL ; HDF5 output file for land and water use budget at each
subregion (max. 1000 characters)
* Leave blank if this output is not required
RZBUDFL ; HDFS output file for root zone moisture budget at each
subregion (max. 1000 characters)
* Leave blank if this output is not regquired
FNSMFL ; Output file for end-of-simulation soil moisture (max. 1000 characters)
* Leave blank if this output is not required

84 |
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VALUE DESCRIPTION
0.0001 / RZCONV
200 / REZITERMX
0.08333 / FACTCN (in => ft)
RootZone'\N: \NonF iRy [/ AGNPFL
RootZone\PondedAg\PondedAg.dat / PFL
RootZone\Urban\Urban.dat / URBFL
RootZone \NVEVANVEV.dat / NVEVFL
RootZone\ReturnFlowFrac.dat / RFFL
RootZone\ReuseFrac.dat / RUFL
RootZone\IrrigPericd.dat / IPFL

/ MSRCFL
RootZone\AgWaterDemand.dat / AGWDFL
Budget\LWU.hdf / LWUBUDFL
Budget\RZ.hdf / RZBUDFL

/ FNSMFL

L )

c Parametars for Seil, Precipitation and Runoff Destination
c
€  Enter conversion factors.
c
C FACTK ; Conversion factor for root zone hydraulic conductivity
c It is used to convert only the spatial component of the unit;
c DO NOT include the conversion factor for time component of the unit.
C * e.g. Unit of hydraulic conductivity listed in this file = IN/DAY
c Consistent unit used in simulation = FT/MONTH
c Enter FACT (IN/MONTH -> FT/MONTH) = §.33333E-02
c {conversion of DAY =-> MONTH is performed autocmatically)
C TUNITK ; Time unit of root zone hydraulic conductivity. This should be one of the
c units recognized by HEC-DSS that are listed in the Main Control File.
c
c
c VALUE DESCRIPTION
C:
0,283464 / FACTK (micrometers/sec -> ft/day)
day / TUNITK
C
c
€ Enter soil parameters, precipitaion and surface flow destination data below for each
C  grid element.
c
c IE i Element ID
L 3 Wilting point; [L/L]
c FC i Field capacity; [L/L]
c ™ ; Total porosity: [L/L]
C LAMBDA ; Pore size distribution index; [dimensicnless]
c K ; Saturated hydraulic conductivity; [L/T])
C RHC : Method to represent hydraulic conductivity vs. moisture content curve
c 1 = Campbell's equation
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IRNE ; Precipitation data column in the Precipitation file that applies to element IE
FRNE # Factor to convert rainfall at the precipitation data column to

rainfall at element IE
IMSRC :; Generic source of moisture data column in the Generic Moisture Source file (MSRCFL

file listed above) that applies to element IE

* Note: Enter any number if MSRCFL above is left blank
TYPDEST; Destination type for the surface flow from element IE

0 = surface flow goes cutside of model area

1= i . " to a stream node

2= " o . " another element

I= . » L " a lake

4= - il . " a subregicn

5w ® > " " groundwater
DEST : Destination for the surface flow from element IE

* Note: Enter any number if TYPDEST is set to 0 or 5
KPonded; Saturated hydraulic conductivity to be used for ponded crops in the element; [L/T]

* Note: Enter -1.0 if KPonded is the same as K
IE WP FC R LEMBDR K RHC IRNE FRNE IMSRC TYPDEST LDEST KPeonded
1 0,0000 0.1370 0.4530 0.378 5.0E-02 2 1 1.0 (1] 1] 3 -1.0
2 0,0000 0.1571 0.4640 0.242 5.1E+01 2 1 1.0 0 0 3 -1.0
3 0.0000 0.1053 0.4630 0.252 5.0e-02 2 1 1.0 0 1] 3 =1.0
220 0.0000 0.1210 0.4300 0.223 5.0E-02 2 3 1.0 0 0 3 1.0E-03
221 0.0000 0.0485 0.4530 0.378 5.0E-02 2 3 1.0 L] Q0 o 1.0E-03
222 0,0000 0,2322 0.5010 0,234 1.9B+01 2 3 1.0 0 0 1] 1.0E-03
223 0.0000 0.1210 0.4300 0.223 5.0E-02 2 3 1.0 0 aQ 3 1.0E-03

IWFM Demand Calculator

IDC-2015

Running IDC

IWFM Demand Calculator, IDC-2015

85



IWFM Demand Calculator

IDC-2015

Running IDC

86

8.3.8.2. Return Flow Fractions Data File

The Return Flow Fractions Data File lists return flows specified as time series
fractions of applied water. Non-ponded crops, ponded crops and urban lands at each
element are associated with data columns in this file through pointers specified in
the Non-Ponded Crops Main File, Ponded Crops Main File and Urban Lands Main
File, respectively.
The following variables are used in this file:
NCOLRT Number of return flow fractions data columns
NSPRT Number of time steps to update the return flow fractions;
enter any number if time-tracking simulation
NEFQRT Repetition frequency of the return flow fractions data; a value
of zero indicates that a full time series data set is supplied; if
time tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Return Flow Fractions Data File
If the time series data is listed in the Return Flow Fractions Data File, then the
following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
TIME Time. For time tracking simulations use
MM/DD/YYYY_ hh:mm format, for non-time tracking

simulations enter an integer number.

RTRNF Return flows as a fraction of applied water
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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RETURN FLOW FRACTIONS DATA FILE
Root Zeone Component
*** Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: ReturnFlcwFrac.dat

Ak kkkkkkhkhkkkkkhkhkhkhhkhh ko hkhhkhhhhhhkhhhhhhkhhhhkkhkkhkkhkkhk kb kb kkkkkk ok kkkk ok

File Descripticn

This data file contains a set of return flows given as fractions of irrigation
water.

R T e R 2 L. 13

Return Flow Fracticns Data Specifications

NCOLRT ; Number of return flow fractions data columns
NSPRT ; Number of time steps teo update the return flow fractions
* Enter any number if time-tracking option is on
NFQRT ; Repetition frequency of the return flew fractions data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking cption is on
DSSFL ; The name cf the DSS file for data input
* Leave blank i1f DS5 file is not used for data input

aaooaaaoaoaaoaoaaoaaaoanoaaoaaaoaoaaoaan

VALUE DESCRIPTION

2 / NCOLRT

1 / NSPRT

0 / NFQRT

/ DSSFL
C ___________________________
C Return Flow Fractions
C {READ FROM THIS FILE)
C
C List the return flew fracticns data belcw, if it will not be read from
C a DSS file {i.e. DSSFL is left blank above).
Cc
c TIME ; Time
C RTRNF; Return flows as a fraction of applied water; [dimensionless])
C
[ e
C TIME RTRNE AG RTRNF _URB RTRNF[3] ... RTRNF[NCOLRT]
e
12/31/2500_24:00 0.2 0.2

*
Cm e e e e e
C Pathnames for Return Flew Fractions Data
C {READ FROM DSS FILE)
o}
C List the pathnames for return flow fractions data below, if it
C will be read from a DSS file ({(i.e. DSSFL is specified above).
C
C REC ; Time series reccord number
C PATH ; Pathname for the time series record
C
C ___________________________
c REC PATH
Commmmmmmmm oo e —————
*

*
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8.3.8.3. Re-use Fractions Data File

The Re-use Fractions Data File lists re-used portion of the captured return flow
from agricultural and urban lands. It is specified as time series fractions of applied
water. The difference between the return flow and re-use is the net return flow from
agricultural and urban lands. Non-ponded crops, ponded crops and urban lands at
each element are associated with data columns in this file through pointers specified
in the Non-Ponded Crops Main File, Ponded Crops Main File and Urban Lands
Main File, respectively.
The following variables are used in this file:
NCOLRUF Number of re-use fractions data columns
NSPRUF Number of time steps to update the re-use fractions; enter any
number if time-tracking simulation
NFQRUF Repetition frequency of the re-use fractions data; a value of
zero indicates that a full time series data set is supplied; if time
tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Re-use Fractions Data File
If the time series data is listed in the Re-use Fractions Data File, then the following
variables need to be populated. Otherwise, these variables should be commented
out using “C”, “c” or “*”, and the variables in the “Data Input from DSS File” section
below should be populated.
TIME Time. For time tracking simulations use
MM/DD/YYYY hh:mm format, for non-time tracking
simulations enter an integer number.

RUF Re-use as a fraction of applied water

Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:

REC Record number that coincides with the data column number

for the time series data
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PATH Pathname for the time series record that will be used for data

retrieval

S R R R ]
c
C INTEGRATED WATER FLOW MODEL {IWEM)
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RE-USE FRACTIONS DATA FILE
Root Zone Component
*¥k% Yersion 4,0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: ReuseFrac.dat

ok ok gk ok e ok ok ok ok e g gk ok ok e e ek ok o e o o ok o o ke ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok gk gk ok ok ok e e e o ok o e e ok ok o e e ke o ok o e e ko o e e e e
File Description

This data file contains a set of re-use data given as fractions of irrigaticn
water.

ek ok ok ok o ok ok ok o ok ok ok ok ok 3k ok ke ok ok ok ok ke ko ook ok ok ok sk ok s ok ko o sk ko ok ok ok ok ok ok o ok kK ok o ok ok o

Re-Use Fractions Data Specifications

NCOLRUF ; Number of re-use fracticons data columns
NSPRUF ; Number of time steps to update the re-use fractions

* Enter any number if time-tracking cpticn is on
NFQRUF ; Repetition frequency of the re-use fracticns data

* Enter 0 if full time series data is supplied

* Enter any number if time-tracking coption is on
DSSFL ; The name of the DSS file for data input

* Leave blank if DS5 file is not used for data input

aoaoaaaoaoaoaoaoaaaoaoaoaooaaoaoaaaaoaoaoaoaoaaaaa

VALUE DESCRIPTION
2 / NCOLRUF
1 / NSPRUF
0 / NFQRUF
/ DSSFL
c
c Re-Use Fracticns
c {(READ FROM THIS FILE)
c
c List the re-use fractions data below, if it will not be read from
(o a DSS file (i.e. DSSFL is left blank above).
Cc
c TIME ; Time
o} RUF ; Re-use as a fraction of applied water; [dimensionless
c
c _—
C TIME RUF_AG RUF_URE RUF[3] ... RUF[NCOLRUF
O T
12/31/2500_24:00 0.05 0.0
*
c
o} Pathnames for Re-Use Fractions Data
c (READ FROM D335 FILE)
c
C List the pathnames for re-use fracticons data below, 1f it
c will be read from a DSS file (i.e. DSSFL is specified above).
Cc
o] REC ; Time series record number
c PATH ; Pathname for the time series record
c
C -
c REC PATH
c —_—
*
*
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8.3.8.4. Irrigation Period Data File

The Irrigation Period Data File includes time series flags that represent cropping
seasons for ponded and non-ponded crops. A value of 0 represents a non-cropping
period so IDC does not compute agricultural water demand for that period; a value
of 1 represents cropping period and IDC calculates water demand for that period.
The ponded and non-ponded crops in each element are associated with data
columns in this file through pointers specified in the Ponded Crops Main File and
the Non-Ponded Crops Main File.
The following variables are used in this file:
NCOLIP Number of data columns for irrigation period
NSPIP Number of time steps to update the irrigation period data;
enter any number if time-tracking option is on
NFQIP Repetition frequency of the irrigation period data; a value of
zero indicates that a full time series data set is supplied; if time
tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Irrigation Period Data File
If the time series data is listed in the Irrigation Period Data File, then the following
variables need to be populated. Otherwise, these variables should be commented
out using “C”, “c” or “*”, and the variables in the “Data Input from DSS File” section
below should be populated.
TIME Time. For time tracking simulations use
MM/DD/YYYY hh:mm format, for non-time tracking
simulations enter an integer number.
P Irrigation period indicator (0 = it is out of cropping season
and IDC will not compute a water demand; 1 = cropping

season and IDC will compute a water demand)
Data Input from DSS File

If time series data is stored in a DSS file then the following variables should be
populated:
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Record number that coincides with the data column number
for the time series data
Pathname for the time series record that will be used for data

retrieval
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C
C INTEGRATED WATER FLOW MODEL (IWFM)

C
R R R

IRRIGATION PERIOD DATA FILE
Root Zone Component
*** Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: IrrigPeriod.dat

LEEE R R R EEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE S
File Description

This data file contains a set of irrigation period indicators (1 for irrigation
season and 0 for neon-irrigation season). These values are correlated to
individual ponded and non-ponded crops through the Ponded Crops Main File and
the Non-Ponded Crops Main File.

LA R R R R R R EEEEREEEEEEEEEEREREEREEEEEEEEREEEEEREEREREEEEEEEEEEEEEEEEEEEEEEEEEEEEE S
Irrigation Period Data Specifications

NCOLIP ; Number of irrigation period data columns

NSPIP ; Number of time steps to update the irrigation period data
* Enter any number if time-tracking option is on

NFQIP ; Repetition frequency of the irrigation period data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on

OOocaoaoaoaoaonoacaoaoaoaoaoaoaaoaoaoaoaooaaoaaaa

DSSFL ; The name of the D3S file for data input
* Leave blank if DSS file is not used for data input
VALUE DESCRIPTION
22 / NCOLIP
1 / NSPIP
0 / NFQIP
Example Data.dss / DSSFL

Irrigation Period Indicators
(READ FROM THIS FILE)

List the irrigtaion period data below, if it will not be read from
a DSS file (i.e. DSSFL is left blank above).

TIME ; Tine

IP ; Irrigation period indicator;
0 = non-irrigation period (i.e. agricultural water demand will not be computed)
1 = irrigation period (i.e. agricultural water demand will be computed)

TIME 1IP([1] 1IP([2] 1IP[3] ... IP[NCOLIP]

Pathnames for Irrigation Period Data
(READ FROM DSS FILE)

List the pathnames for irrigation period indicators below, if it
will be read from a DSS file (i,e, DSSFL is specified above).

REC ; Time series record number

[sEeNeNsNeNeNesReNoReNeNoNoRE BE NoNoReNeNoNoNeNeNeNaRoNeNoNe Nel

PATH ; Pathname for the time series record

REC PATH

1 /IWFM/GR_IP/FLAG//1MON/IRRIG_PERIOD/

2 /IWFM/CO_IP/FLAG//1MON/IRRIG PERIOD/

3 /IWFM/8B_IP/FLAG//1MON/IRRIG PERIOD/

4 /IWFM/CR_IP/FLAG//1MON/IRRIG_PERIOD/

5 /IWFM/DB_IP/FLAG//1MON/IRRIG_PERIOD/

6 /IWFM/SF_IP/FLAG//1MON/IRRIG_PERIOD/

7 /IWFM/FI_IP/FLAG//1MON/IRRIG_PERIOD/

8 /IWEM/AL_IP/FLAG//1MON/IRRIG_PERIOD/

9 /IWFM/PA_IP/FLAG//1MON/IRRIG_PERIOD/

10 /IWFM/TM IP/FLAG//1MON/IRRIG PERIOD/

11 /IWFM/CU_IP/FLAG//1MON/IRRIG PERIOD/

12 /IWFM/0G_IP/FLAG//1MON/IRRIG_PERIOD/

13 /IWFM/TR_IP/FLAG//1MON/IRRIG_PERIOD/

14 /IWFM/AP IP/FLAG//1MON/IRRIG PERIOD/

15 /IWFM/OR_IP/FLAG//1MON/IRRIG PERIOD/

16 /IWFM/80_IP/FLAG//1MON/IRRIG_PERIOD/

17 /IWFM/FL_IP/FLAG//1MON/IRRIG_PERIOD/

18 /IWFM/RICE_FL_IP/FLAG//1MON/IRRIG_PERIOD/
19 /IWFM/RICE NFL_IP/FLAG//1MON/IRRIG PERIOD/
20 /IWFM/RICE NDC_IP/FLAG//IMON/IRRIG_PERIOD/
21 /IWFM/RFG_SL_IP/FLAG//1MON/IRRIG_PERIOD/
22 /IWFM/RFS_PR_IP/FLAG//1MON/IRRIG_PERIOD/
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8.3.8.5. Generic Moisture Source File

The Generic Moisture Source File lists time series moisture inflow into the root
zone from sources other than irrigation and precipitation. Possible sources of
moisture are fog and lateral seepage through levees in places such as California’s
Sacramento-San Joaquin River Delta. The inflow rate is given in terms of unit rate
per rooting depth of a land-use type. All land-use types can have access to generic
sources of moisture. Each land-use type at each element is associated to a data
column in this file through pointers in the respective main input file of a particular
land-use.
The following variables are used in this file:
NCOLSRC Number of generic moisture data columns
FACTSRC Conversion factor for the spatial component of the generic
moisture data
NSPSRC Number of time steps to update the generic moisture data;
enter any number if time-tracking simulation
NFQSRC Repetition frequency of the generic moisture data; a value of
zero indicates that a full time series data set is supplied; if time
tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Generic Moisture Source File
If the time series data is listed in the Generic Moisture Source File, then the
following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
TIME Time. For time tracking simulations use
MM/DD/YYYY hh:mm format, for non-time tracking
simulations enter an integer number.

MSRC Generic moisture inflow rate; [ (L/L)/T]
Data Input from DSS File

If time series data is stored in a DSS file then the following variables should be
populated:
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REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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GENERIC MOISTURE SOURCE DATA FILE
Root Zone Component
***% Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: GenericMoist.dat

R R R R D R D R R R R R L 2 s Rt R 22 222222

File Description:

This file contains a set of meoisture time-series data to be used as generic
source of water for the root zone. This additicnal scurce of meisture can be
used to represent any source of water other then precipitation and irrigation.
The unit of the generic moisture is specified as [(L/L)/T], for instance

inches per foot per month. These values will be converted to unit rate of inflow
by the Root Zone Component by multiplying them with the rooting depth for each
land use. The generic moisture data are correlated to individual grid cells
through the Root Zone Parameter file,

R R R e s R R E

Generic Moisture Source Data Specifications

NCOLSRC; Number of generic moisture data columns (or pathnames 1f DSS files are used)
FACTSRC; Conversion factor for generic moisture data
It is used to convert only the spatial component of the unit;
DO NOT include the conversion factor for time component of the unit,
* e.g. Unit of generic moisture listed in this file = INCHES/FOOT/MONTH
Consistent unit used in simulation = FOOT/FOOT/DAY
Enter FACTSRC (INCHES/FQOT//MONTH -> FOOT/FOOT/MONTH) = 8.33333E-02
(conversion of MONTH -> DAY is performed automatically)
NSPSRC ; Number of time steps to update the generic moisture data
* Enter any number if time-tracking option is on
NFQSRC ; Repetition frequency of the generic meisture data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input (maximum 50 characters);
* Leave blank if DSS file is not used for data input

aoaoaaoaoaooaooaaoaoaooooaoaaoaoQaoaoaaooaaoooooaoaaoaoOQOaan

VALUE DESCRIPTION
3 / NCOLSRC

0.083333 / FACTSRC (in —> ft)
1 / NSPSRC

0 / NFQSRC

INPUT DATA.DSS / DSSFL

Generic Moisture Data
(READ FROM THIS FILE}

List the generic moisture rates below in units of L/L/T, if it will
not be read from a DSS file (i.e. DSSFL is left blank above).

TIME ; Time
MSRC ; Generic moisture rate; [L/L/T]
TIME MSRC[1) MSRC[2] MSRC[3) ... MSRC[NCOLSRC] ..

Pathnames for Generic Moisture Data
(READ FROM DSS FILE}

List the pathnames for the generic moisture data below, if it will be read
from a DSS file (i.e. DSSFL is specified above).

ooooaoaoaooOoOQa o000 aaoaan

REC ; Time series record number

PATH ; Pathname for the time series record
REC PATH

1 /DELTA/SOUTH_LEVEE/SEEP//lDAY/SEEPAGE/
2 /DELTA/NORTH_LEVEE/SEEP//lDAY/SEEPAGE/
3 /DELTA/EASTiLEVEE/SEEP//lDAY/SEEPAGE/
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8.3.8.6. Agricultural Supply Requirement Data File

IDC allows time-series agricultural water demands to be specified for some or all of
the crops rather than dynamically computing them. This feature is useful in planning
studies when the water demand is dictated by the contractual limits rather than crop
evapotranspirative requirements. This feature can also be used when the historical
surface water deliveries are known and the part or all of the deliveries are used for
artificial recharge of the groundwater. The non-ponded and ponded crops in each
element can optionally be associated with a data column in this file through the
pointers in the Non-Ponded Crops Main File and the Ponded Crops Main File,
respectively.
The following variables are used in this file:
NDMAG Number of agricultural supply requirement data columns
FACTDMAG  Conversion factor for the spatial component of the
agricultural supply requirement data
NSPDMAG Number of time steps to update the agricultural supply
requirement data; enter any number if time-tracking
simulation
NFQDMAG Repetition frequency of the agricultural supply requirement
data; a value of zero indicates that a full time series data set is
supplied; if time tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Agricultural Supply Requirement Data File
If the time series data is listed in the Agricultural Supply Requirement Data File,
then the following variables need to be populated. Otherwise, these variables should
be commented out using “C”, “c” or “*”, and the variables in the “Data Input from
DSS File” section below should be populated.
ITDA Time. For time tracking simulations use
MM/DD/YYYY_ hh:mm format, for non-time tracking

simulations enter an integer number.

RDMAG Agricultural water supply requirement; [L3/T]
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Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
I Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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C
C INTEGRATED WATER FLOW MCDEL (IWFM

(ko ko ko ko ok ok ko ok ok ko ko ko ko ko ok ok sk ko ko ko ko ok ko ok ok ko ok ko ok ok ke ke ke ke ke ke

AGRICULTURAL WATER SUPPLY REQUIREMENT DATA FILE
Root Zone Component
wikk Version 4.0 %%

Project: IDC Version ### Release
California Department of Water Resources
Filename: AgWaterDemand.dat

ek ok ko kK k ok Rk kK k kR kR Kk Kk R KR KR KK KKK KKK KKK R KR KK KK R K R Kk Rk kK kK kkk kR kR ok Rk kR Rk Rk

File Description

This data file contains a set of agricultural water supply regquirement data.
These data are correlated to individual crops through Non-Ponded and Ponded
Crop Data Files.

ke ok ke ok ke ok ok ok ok ke ok ke ok ok ok ok ke ok ok ok ok ke ke ke ke ok ke ok ke ke e e ok ke ok Sk gk ke ke ke Sk sk ke ke ke ke ke Sk sk ke ke ke ke ke ke sk ke ke ke ke ke ke ke ke e ke e ke ke e ke e ke e ke ke e ke e
Agricultural Water Supply Requirement Data Specifications

NDMAG ; Number of agricultural water supply requirement data columns
FACTDMAG; Conversion factor for the agricultural supply requirement
It is used to convert only the spatial component of the unit;
DO NOT include the conversion factor for time component of the unit.
* e.g. Unit of flow listed in this file AC-FT/MONTH
Consistent unit used in simulation CU.FT/DAY
Enter FACTDMAG (AC-FT/MONTH -> CU.FT/MONTH) = 43560.0
{conversion of MCNTH -> DAY is performed autcmatically
NSPDMAG ; Number of time steps to update the agricultural supply requirement data
* Enter any number if time-tracking option is on
NFODMAG ; Repetition frequency of the agricultural supply regquirement data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input
* Leave blank if DSS file is not used for data input

sEsNeReRe oo NoNeNoNoNoNeNoRoNoNeNoNoNo NoNeNoNoRoNoNoNo NoNo N NoRoNoNoNoNoNe Ne)

VALUE DESCRIPTION
31 / NDMAG
43560.0 / FACTLMAG (ac.ft -> cu.ft
1 / NSPDMAG
0 / NFQDMAG
/ DSSFL
[
C Agricultural Water Supply Requirement Data
C (READ FRCM THIS FILE)
C
C List the agricultural water supply requirement data below, if it will not
C  be read from a DSS file (i.e. DSSFL is left blank above).
C
C ITDA; Time
C RDMAG; Agricultural water supply requirement; [L"3/T]
C
C
C ITDA ROMAG (1) RIMAG(2)
C
C 1 2 3 v 29 30 31
10/31/4000 24:00 26.02 8.88 0.34 . 4.06 6.71 213.58
11/30/4000_24:00 18.24 6.22 0.24 . 2.85 4.70 1498.75
12/31/4000_24:00 17.34 5.92 0.23 e 2.71 4.47 142.39
01/31/4000 24:00 9.87 3.37 0.13 cee 1.54 2.54 81.01
02/29/4000 _24:00 7,77 2.65 0.10 PN 1.21 2.00 63.83
03/31/4000_24:00 2.69 0.92 0.04 . 0.42 0.69 22.09
04/30/4000 24:00 0.60 0.20 0.01 s 0.09 0.15 4.91
05/31/4000_24:00 2.69 0.92 0.04 v 0.42 0.69 22.09
06/30/4000_24:00 5.38 1.84 0.07 . 0.84 1.39 44.19
07/31/4000 24:00 9.27 3.16 0.12 PPN 1.45 2.39 76.10
08/31/4000:2 00 13.186 4.49 0.17 - 2.05 3.39 108.02
09/30/4000 24:00 18.24 6,22 0.24 e 2,85 4,70 149,75
C
C Pathnames for Agricultural Water Supply Requirement Data
C (READ FRCM DSS FILE)
C
C List the pathnames for the agricultural water supply requirement data below,
[} if it will be read from a D55 file (i.e. DSSFL is specified above).
C
C I ; Pathname number
C PATH ; Pathname for the time series record
C
C
C I PATH
C
«
*
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8.3.8.7. Non-Ponded-Crops Component Files

8.3.8.7.a Non-Ponded Crops Main File

The Non-Ponded Crops Main File is the gateway file for all data that is necessary to
simulate non-ponded crops and generate non-ponded-crop related budget files.

The file is divided into several sections and uses the following variables:

General Data
Number of non-ponded crops simulated, crop codes and filename for the non-

ponded crop acreage data are defined in this section:

NCROP Number of agricultural crops excluding ponded crops (i.e. rice
and refuge)
FLDMD Flag for the root zone moisture to be used for the

computation of agricultural water demand and the timing of
irrigation (0 = use the soil moisture at the beginning of time
step, 1 = use the soil moisture at the end of time step); setting
FLDMD to 0 works well when the simulation time step is
small (e.g. 1 day) while it should be set to 1 when the
simulation time step is longer (e.g. 1 month)

CCODE Crop codes; enter 2-character crop codes for each of the non-
ponded crops modeled (following codes are reserved and
should not be used: UR = Urban, RI = Rice, RF = Refuge, NV
= Native vegetation, RV = Riparian vegetation)

LUFLNP File that lists the crop areas (maximum 1000 characters)

Budget Output Files
To generate crop-specific land and water use and root zone budgets, the following

variables must be specified:

NBCROP Number of non-ponded crops for water budget output; enter
0 if crop specific budget output is not required

BCCODE Crop codes (from above) for which water budget output is
required

CLWUBUDEFL HDFS output file for crop-specific land and water use budget
at each subregion for selected crops (maximum 1000

characters); leave blank if this output is not required
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CRZBUDFL

Rooting Depths
RZFRACFL

FACT
IC

ROOT
ICROOT

HDFS output file for root zone moisture budget at each
subregion for selected crops (maximum 1000 characters);

leave blank if this output is not required

File that lists fraction of maximum root depths to represent
root growth (maximum 1000 characters)

Conversion factor for maximum crop root zone depths

Crop identification number; enter 1 through NCROP,
sequentailly

Maximum crop root zone depth; [L]

Root depth as a fraction of maximum root depth; this number
corresponds to the appropriate data column in the Root
Depth Fractions Data File

Curve Numbers for Rainfall Runoff Simulation

Curve numbers for each element and crop combination are entered in this section.

IE

CN

Element identification number entered sequentially; enter 0 if
curve numbers defined for each crop are to be used for all
elements

Curve number for each non-ponded agricultural crop

Crop Evapotranspiration

Crop evapotranspiration for each element and crop combination is listed here by

specifying a column number in the Evapotranspiration File:

IE

ICET

Element identification number entered sequentially; enter O if
following values are to be used for all elements
Crop ET; this number corresponds to the appropriate data

column the Evapotranspiration File

Agricultural Water Supply Requirement

If, for any crop at an element, the agricultural water supply requirement is pre-

specified instead of being computed dynamically, they are specified in this section:

1IE

Element identification number; enter 0 if following values are

to be used for all elements
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ICAW Agricultural water supply requirement; this number
corresponds to the appropriate data column in the
Agricultural Supply Requirement Data File (AGWDFL) listed
in the Root Zone Component Main File (enter 0 if
agricultural water supply requirement will be computed

dynamically

Irrigation Periods

Time series irrigation period data is listed in this section for each crop and element

combination:
IE Element identification number; enter 0 if following values are
to be used for all elements
ICIP Irrigation period; this number corresponds to the appropriate

data column in the Irrigation Period Data File (IPFL) listed in

the Root Zone Parameters Data File.

Minimum Soil Moisture
The minimum soil moisture that is used to trigger an irrigation event for each crop
and element combination is listed in this section:
MINSMFL File that lists the minimum soil moisture for each crop
(maximum 1000 characters)
IE Element identification number; enter 0 if following values are
to be used for all elements
ICMSM Minimum soil moisture as a fraction of field capacity; this
corresponds to the appropriate data column in the Minimum
Soil Moisture Data File (MINSMFL)

Target Soil Moisture for Irrigation
The moisture level which is targeted to be achieved by the irrigation event is listed
for each crop and element combination in this section:

TRGSMFL File that lists the target soil moisture for each crop during
irrigation (maximum 1000 characters); leave blank if target
soil moisture is the field capacity

IE Element identification number; enter 0 if following values are

to be used for all elements
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ICTRGSM Target soil moisture as a fraction of total available water (i.e.
field capacity less wilting point); this number corresponds to
the appropriate data column in the Target Soil Moisture Data
File (TRGSMFL)

Return Flow Fractions

The return flow fractions for each crop and element combination are listed in this

section:
IE Element identification number; enter 0 if following values are
to be used for all elements
ICRTRNF Fraction of the applied water that becomes return flow; this

number corresponds to the appropriate data column in the
Return Flow Fractions Data File given in the Root Zone

Component Main File

Re-use Fractions

The re-use fractions for each crop and element combination are listed in this

section:
IE Element identification number; enter 0 if following values are
to be used for all elements
ICRUF Fraction of the applied water that becomes re-used water; this

number corresponds to the appropriate data column in the
Re-use Fractions Data File given in the Root Zone

Component Main File

Minimum Percolation Fractions
If a minimum percolation amount needs to be specified, it is listed in this section for
each crop and element combination:

DPFL File that lists the minimum percolation fractions (maximum
1000 characters); leave blank if minimum percolation is not
imposed

1IE Element identification number; enter 0 if following values are
to be used for all elements

ICDPF Fraction of the "infiltrated" applied water that is going to be

percolation; this number corresponds to the appropriate data
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column in the Minimum Percolation Fractions Data File
(DPFL)

Initial Soil Moisture Conditions
IE Element identification number; enter 0 if following values are

to be used for all elements

FSOILMP Fraction of initial soil moisture at element IE that is due to
precipitation
SOILM Initial root zone moisture content; [L/L]
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Gk ko sk ok ok ok ko ok ok ok kR ok Kk * * Hkd ek Ak dkkk ko k ko Rk ok ko
c
C INTEGRATED WATER FLOW MODEL (IWEM)

C

O R R R E R B R L R AR R L AR A R T

This data

NCROP
FLDMD i

CCODE H

LUFLNP b

NON-PONDED AGRICULTURAL CROFS DATA FILE
Root Zone Component
**% Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: NonPondedhAg MAIN.dat

B R L R R R E R R L L AR I R R R R R TS

File Description

file contains the parameters and data file names for the simulation

of root zone processes and managament of non-ponded agricultural crops.

sk ek ok e ok ko ok ok ok ko ok * * Fkk ek ek e sk ko Kk ok ko

Number of Non-Ponded Agricultural Crops and Crop Codes

Number of agricultural crops excluding ponded crops (i.e. rice and refuge)
Flag for the root zone moisture to be used for the computation of
agricultural water demand and the timing of irrigation
* 0: Use the soil moisture at the beginning of time step
* 1: Use the soil moisture at the end of time step
Crop codes {max. 2 characters)
{1 to NCROP)
* Note: The following codes are reserved and should not be used:

UR Urban

RI Rice

RF Refuge

NV Native vegetation

RV : Riparian vegetation
File that lists the crop areas (max. 1000 characters)

VALUE

acoooocooao0ao0ca0a0o00ca0oc00ca0a0000aa0n

17
0

GR
co
SB
CR
DB
SF
FIL
AL
PR
TM
cu
[oc]
TR
AP
OR
S0
FL

ReotZone\NonPendedAg\NonPaondedAgArea.dat

DESCRIPTICN
NCROP
FLDMD
CCODEL GRAIN
CCODE2 COTTON

CCODE3 SUGAR BEETS
CCODE4 CORN

CCODES DRY BEANS

CCODE6 SAFFLOWER

CCODE7 OTHER FIELD
CCODE8 ALFALFA

CCODES PASTURE

CCODEL10 TOMATOES

CCODEL1L CUCURBITS

CCODE12 ONIONS AND GARLIC
CCODE13 QTHER TRUCK
CCODE14 ALMCNDS AND PISTACHIO
CCODEL5 OTHER DECID.
CCODE16 SUBTROPICAL
CCODE17 FALLOW AND IDLE
LUFLNP

R N LN

R R L L S S L

NBCROP H
BCCODE H

CLWUBUDFL:

CRZBUDFL ;

Water Budget Qutput Files

Number of non-ponded crops for water budget output
* Enter 0 if crop specific budget output is not reguired
Crop codes (from above) for which water budget output is reguired
(1 to NBCROP)
HDF5 output file for land and water use budget at each
subregion for selected crops (max. 1000 characters)
* Leave blank if this output is not required
HDF5 output file for root zone moisture budget at each
subregion for selected crops (max. 1000 characters)
* Leave blank if this output is not reguired

acaooaoaoaonaoaaoaan

DESCRIPTION

Budget\NonPondedAgLWU. hdf
Budget\NonPondedAgRZ. hdf

/ NBCROP

/ BCCODEL GRAIN

/ BCCODE2 COTTON

/ BCCODE3 SUGAR BEETS

/ BCCODE4 CORN

/ BCCODES DRY BEANS

/ BCCODEG SAFFLOWER

/ BCCODE? OTHER FIELD

/ BCCODES ALFALFA

/ BCCODEY PASTURE

/ BCCODE1Q  TCMATOES

/ BCCODE1l  CUCURBITS

/ BCCODE12 ONIONS AND GARLIC
/ BCCODE13  OTHER TRUCK

/ BCCODE14  ALMONDS AND PISTACHIO
/ BCCODE1S  OTHER DECID.

/ BCCODE16  SUBTROPICAL

/ BCCODE17  FALLOW AND IDLE
/ CLWUBUDFL

/ CRZBUDFL

o e R R R R d R L ]

c Rooting Depths

c

C REZFRACFL ; File that lists fraction of maximum root depths to represent
C root greowth (max., 1000 characters)

c FACT H Conversion factor for maximum crop root zone depths

[ Ic ; Crop type number {1 to NCROP);

C ROOT H Maximum crop root zone depth; [L]

C ICROOT ; Root depth as a fraction of maximum root depth - this number
C corresponds to the appropriate data column in the root depth
C fractions data file (RZFRACFL).

<

* Crop/Land Use No. Name
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* 1 GR grain
* 2 CO cotton
* 3 SB sugar beets
* 4 CR corn
* 5 DB dry beans
* 6 SF safflower
* 7 FI other field
* 8 AL alfalfa
* 9 PA pasture
* 10 TM processed tomatoes
* 11 CU cucurbits
* 12 OG onions & garlic
* 13 TR other truck
* 14 AP almonds & pistachios
* 15 OR other deciduous
* 16 S0 subtropical
* 17 FL fallow and idle
*
c _—
[ VALUE DESCRIPTION
c —
RootZone\NonPondedAg\RootDepthFrac.dat / RZFRACFL
1.0 / FACT
¢ -
[ Ic ROOT ICROQT
c ——
1 4,0 1
2 6.0 2
3 5.0 3
4 4.0 4
5 4.0 5
3] 4.0 3
7 4.0 7
8 6.0 8
9 2.0 9
10 5.0 10
11 3.0 11
12 3.0 1z
13 3.0 13
14 6.0 14
15 6.0 15
16 4.0 16
17 1.0 17
P I I I I I T

Chrdhkhks
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o} Curve Numbers for Rainfall Runoff Simulation

[+

C Enter curve numbers for each grid element and crop combination.

[

C IE ; Element ID (Enter 0 if following values are to be used for all element

C and non-ponded agricultural crop combinations)

o] CN } Curve number for each non-ponded agricultural crop (1 to NCROP)

o}

c —

o} CN BY CROP

C IE -

C GR co SB CR DB SF FI AL PR ™ cu oG TR AP OR 50 FL

c _—
1 81 B2 82 a5 81 81 ;38 81 74 82 85 85 85 82 72 72 91
2 81 82 82 85 81 81 81 81 74 82 85 85 85 82 72 72 91
3 73 75 75 78 72 72 72 72 6l 75 78 78 78 75 58 58 86
221 81 82 82 85 81 81 81 81 74 82 85 85 85 82 72 72 91
222 73 75 75 78 72 72 72 72 61 75 78 78 78 75 58 58 86
223 73 75 75 18 72 72 72 72 61 75 78 78 78 75 58 58 86

ek kot ok ok ke ki ook kel ek ke ek

o} Crop Evapotranspiratien (ETc)

C

c The following lists the ETe¢ ¢olumn pointers for each finite element and non-ponded

C agricultural crop combination.

[

[ IE ; Element ID (Enter 0 if following walues are to be used for all element

[+ and non-ponded agricultural crop combinations)

C ICET ; Crop ET (ETc) - this number corresponds to the appropriate data column

c in the ET data file listed in the Main Input File. ©List for each

c non-ponded agricultural crop {1 to NCROP}.

C

c _—

[+ ICET BY CROP

C IE -

[o} GR co SB CR DB SF FIL AL PA ™ cu G TR AP OR S0 FL

c -—
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

et e o o o oot ko ook kot e o ek e

C Agricultural Water Supply Requirement

C

C The following lists the agricultural water supply regquirement column peinters

c for each finite element and non-ponded agricultural crop combination.

o]

[o] IE } Element ID (Enter 0 if following walues are to be used for all element

C and non-ponded agricultural crop combinations)

[ ICEW ; Agricultural water supply requirement - this number corresponds to the

C appropriate data ceclumn in the agricultural water supply regquirement data

[o] file {(AGWDFL) listed in the Root Zone Parameters Data File. List for each

(o} non-ponded agricultural crop (1 to NCROP}.

[ *** Note: Enter 0 if agricultural water supply requirement will be computed

C internally.

c

c —

o} ICRW BY CROP

o IE -

o] GR co SB CR DB SF FI AL PR ™ cu 0G TR AP OR 50 FL

o .
0] o 0 o) 0 0 4] 0 Q 0 o] 0 0 0 0 ) 0 0

Chhkhrrhhkhrrhhhrrhrrdnhordrddohhhrohhhhrrhhhrrhrrhrddadrddohdhrohhhhrrhhhrrhrsst
Irrigation Periods

The following lists the irrigaticn period celumn pointers for each
finite element and non-ponded agricultural crop combinations.

Tnqan
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IE ; Element ID (Enter 0 if following values are tc be used for all element
and non-ponded agricultural crop combinations)
ICIP ; Irrigation period - this number corresponds tc the appropriate data

column in the irrigation period data file (IPFL} listed in the Root
Zone Parameters Data File. List for each non-ponded crop (1 to NCROP).

ICIP BY CROP
IE

GR co SB CR DB SF FI AL PA ™ cu oG TR AP OR S0 FL

) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Kk ok Kok ek ok ook Kok Sk ok ok ok ok ek ke ok

Minimum Soil Meoisture

The following lists the minimum scil moisture column pointers for
each finite element and non-ponded agricultural creop combinations.

MINSMFL @ File that lists the minimum soil meisture for each crop
(max. 1000 characters)

IE # Element ID (Enter 0 if following values are to be used for all element
and non-ponded agricultural crop combinations)
ICMSM ¢ Minimum soil moisture as a fraction of Total Available Water
(TAW = field capacity - wilting peint) - this number correspends to
the appropriate data column in the minimum scil meisture
data file (MINSMFL), List for each non-ponded crop (1 to NCROF).
VALUE DESCRIPTION
RootZone\NonPondedAg\MinMoist.dat / MINSMFL

ICMSM BY CROP
IE -
GR co SB CR DB SF FI AL PA TM CU 05 TR AP OR S0 FL

QN0 QaQnNanNoononooaanan aonaaaoanaan

13 14 15 16 17

St ek ke ko ek ok ko ok ko Kk ok ek kR Rk ok k ok kR

[of Target Soil Moisture for Irrigation
c
[of The following lists the target soil meisture column pointers for
[of each finite element and non-ponded agricultural crocp combinations.
cC
c TRGSMFL ; File that lists the target soil moisture for each crop during irrigation
[+ (max. 1000 characters)
C * Leave blank if target soil moisture is field capacity
[+ IE } Element ID (Enter 0 if following values are to be used for all element
[of and non-ponded agricultural crop combinations)
c ICTRGSM ; Target soil moisture as a fraction of field capacity - this number
[of corresponds to the appreopriate data column in the target soil meisture
c data file (TRGSMFL). List for each non-ponded crop (1 to NCROP).
C
[
c VALUE DESCRIPTION
o
/ TRGSMFL
IE ICTRGSM[1] ICTRGSM[2] ... ICTRGSM[NCROP]

ok ook Ak R Sk Rt kst ok Sk ok ok ket
Irrigation Water Return Flow Fractions

The following lists the irrigation water return flow fraction column pointers
for each finite element and non-ponded agricultural crop combinations.

1E ¢ Element ID (Enter 0 if following values are to be used for all element
and non-ponded agricultural crop combinations)

ICRTRNF ; Fraction of the applied water that beccmes return flow - this number
corresponds to the appropriate data column in irrigation water
return flow factor data file (RFFL) given in the Root Zone
Parameters Data File. List for each ncn-ponded crop (1 to NCROP)

ICRTRNF BY CROP
IE —
GR cQ SB CR DB SF FI AL PA ™ cuU [o]c] TR AP QR S0 FL

NaNOQONOaQaanNaanNaq+y+ana

1 1 1 1 1
bk ket ok ke ko ke ek ke ke ek ek ek
Irrigation Water Re-Use Fractions

The following lists the irrigation water re-use fraction column pointers

for each finite element and non-ponded agricultural crop combinations.

IE ; Element ID (Enter 0 if following values are to be nsed for all element

and non-ponded agricultural crop combinations)
ICRUF ; Fraction of the applied water that is re-used - this number

corresponds to the appropriate data column in irrigation water
re-use factor data file (RUFL)} given in the Reot Zone
Parameters Data File. List for each non-ponded crop (1 to NCROP)

ICRUF BY CROP
IE e
GR co SB CR DB SF FI AL PA ™ [e14) oG TR AP OR 80 FL

Q 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

e

Minimum Deep Percolation Fractions

The following lists the fractions for minimum deep percolation at each finite element.

DPFL ; File that lists the minimum deep percolation fractions (max. 1000 characters)
* Leave blank if minimum deep percolation is not imposed
IE ; Element ID (Enter 0 if following values are to be used for all element

and non-ponded agricultural crop combinations)

ICDPF ; TFraction of the "infiltrated" applied water that is going to be deep
percolation - this number corresponds to the appropriate data column in
minimum deep percolation factor data file (DPFL). List for each non-ponded
crop {1 to NCROP).

annoanNnaoanNnaaong aanaoaaoaoaoaaonaanaan
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C

C VALUE DESCRIPTION

C

/ DPFL

C

C IE ICDPF[1] ICDPF[2] ... ICDPF[NCROP]

C

*

*

I I I I T Ty

C Initial Secil Meisture Condition

C For Non-Ponded Agricultural Lands

C

C IE ; Element ID (Enter 0 if following values are to be used for all element

C and non-ponded agricultural crop combinations)

C FSQILMP; Fraction of initial soil moisture at element IE that is due to precipitation

C SOIIM ; Initial root zone moisture content; [L/L]

C (1 to NCROP)

C

C

C IE FSOILMP GR co SB CR DB SF FI AL PA ™ cu oG TR AP OR S0 FL

C
1 0.5 0.13 0.13 0.13 0.13 0.13 ©0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
2 0.5 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
3 0.5 0.10 ©0.10 o0.10 0.10 0.10 ©0.10 o0.10 0.10 0.10 ©0.10 0.10 0.10 0.10 ©0.10 0.10 0.10 0.10
221 0.5 0.04 0.04 0.04 0,04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 Q.04
222 0.5 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
223 0.5 0.1z 0.1z 0.12 0.1z 0.1z ©0.12 0.12 0.12 0.12 ©0.12 0.12 0.12 0.12 ©0.12 0.12 0.12 0.12
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83.8.7.b Non-Ponded Crops Area Data File

Areas of each non-ponded crop at every element are listed in this file:

FACTLNNP

NSPLNNP

NFQLNNP

DSSFL

Conversion factor for land use areas; enter 0.0 if land use
distribution is given as a fraction of element area

Number of time steps to update the land use data; enter any
number if time-tracking option is on

Repetition frequency of the crop area data; a value of zero
indicates that a full time series data set is supplied; if time
tracking simulation, enter any number

The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Non-Ponded Crops Area Data File
If the time series data is listed in the Non-Ponded Crops Area Data File, then the

following variables need to be populated. Otherwise, these variables should be

» « » @x»

commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS

File” section below should be populated.

ITLN Time. For time tracking simulations use
MM/DD/YYYY_ hh:mm format, for non-time tracking
simulations enter an integer number.
IE Element identification number
ALAND Area (or fraction of area) corresponding to non-ponded crops
over an element; [L?] or [L2/L?] based on FACTLNNP
above.
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
IE Element identification number
LUTYPE Crop identification number entered sequentially
PATH Pathname corresponding to element and non-ponded crop

type combination
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c
c INTEGRATED WATER FLOW MODEL (IWEFM)

Cokhkd b kkd ko koh ko h kb hk ko oh ok bk bk ke oh ok h kb ke k ok ok hd hk ke h kb kb hk ok hk kb ok h ke hk ok h ok ko

NCON-PONDED CROP AREA FILE
Root Zone Component
*k* Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: NonPondedCropArea.dat

ko kA d Rk k ok k kA ko hhkkkk ko k ok kA Ak hkEhk ok k khk ki kkk kA dh ke kkkk kA hh hkkhkkhk bk kkkh kb hhhd &

File Description

This data file contains the land use distribution of non-ponded crops for
each element for the simulation period.

khkkhhhhkhkkh ko dhhkhkkh ko d Ak hhkkkk ko hhhhkh ko d Ak hhhhkh ko kkhhhhhkkkhk kA hk ko kR h
Land Use Data Specifications

FACTLNNE; Conversion factor for land use area
* Enter 0.0 if land use distribution is given as a fraction of element area
NSPLNNF ; Number of time steps to update the land use data
* Enter any number if time-tracking option is on
NFQLNNFE ; Repetition fregquency of the land use data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input
* Leave klank if DSS file is not used for data input

caoonaoaaoanoaonNanoaaooNooaoneoanNnaana

VALUE DESCRIPTION
10.763910417 / FACTLNNP {sg.m. => sq.ft.)
1 / NSPLNNP
0 / NFQLNNP
/ DSSFL

Land Use Data
(READ FROM THIS FILE}

List the land use data below, if it will not be read from a DSS file
(i.e. DSSFL is left blank above).

ITLN ; Time

IE H Element number

ALAND; Area (or fraction of area) corresponding to non-pended crops over an
element; [L"2] or [L"2/L"2] (based on FACTLNNP above)

(1 to NCROP)
1 : Non-ponded crop 1

2 : Non-ponded crop 2

NCROP : Non-ponded crop NCROP
* Note: Crop areas over elements that are designated as lake elements
will be ignered

anoaonoooNooNaNNaoooaoNaoaa

ALAND

ITLN IE GR co SB OR 50 FL
12/31/2500_24:00 1 0.00 0.00 0.00 ... 0.00 0.00 52162.85
2 0.00 0.00 0.00 ... 0.00 0.00 0.00

3 0.00 0.00 0.00 +.. 0.00 0.00 0.00

221 0.00 705478.12 0.00 ... 0.00 0.00 452.45

222 0.00 0.00 0.00 ... 0.00 0.00 0.00

223 0.00 0.00 0.00 ... 0.00 0.00 0.00

Pathnames for Land Use Data
(READ FROM DSS FILE)

List the pathnames for the land use data below, if it will be read from a DSS file
(i.e. DSSFL is specified above).

The pathnames should be listed for each element and non-ponded crop combination.
They should be listed in an order such that, the crop type changes first.

* Example with 3 non-ponded agricultural crops (i.e. NCROP=3):

IE LUTYPE PATH
1 1 (pathname[1])
1 2 (pathname[2])
1 3 (pathname[3])
2 1 (pathname[4])
2 2 {(pathname[5])
2 3 (pathname[6])
NE 1 (pathname [ (NCROP) *NE - 2])
NE 2 (pathname [ (NCROP) *NE - 1])
NE 3 (pathname [ (NCROP) *NE] )
1E ; Element number
LUTYPE ; Land use type
1 = Non-ponded agricultural crop 1
2 = Non-ponded agricultural crecp 2
NCROP = Non=-ponded agricultural ¢rop NCROP

PATH ; Pathname corresponding to element and non-ponded crop type combinaticn

IE LUTYPE PATH

raoaaonnooaocoooanoooaaonNaoaaonNaaaaaaan
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8.3.8.7.c Root Depth Fractions Data File

This file includes the time series rooting depths as a fraction of the maximum
rooting depths listed in the Non-Ponded Crops Main File. The non-ponded crops
are associated with data columns in this file through pointers specified in the Non-
Ponded Crops Main File.
The following variables are listed in this file:
NCOLRDF Number of data columns for the rooting depth fractions
NSPRDF Number of time steps to update the rooting depth fractions;
enter any number if time-tracking option is on
NFQRDF Repetition frequency of the rooting depth fractions; a value of
zero indicates that a full time series data set is supplied; if time
tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Root Depth Fractions Data File
If the time series data is listed in the Root Depth Fractions Data File, then the
following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
TIME Time. For time tracking simulations use
MM/DD/YYYY_ hh:mm format, for non-time tracking

simulations enter an integer number.

RDFRC Root depths as a fraction of the maximum rooting depth
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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C
C INTEGRATED WATER FLOW MODEL (IWEM)

[ k]

ROOT DEPTH FRACTIONS DATA FILE
Root Zone Component
*** Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: RootDepthFrac.dat
e e e e e e e e e e e e e e ke e e e ek ek e e ke ke ke ke ke ke ok ke ke ke ke ke ke ke ke ke ke ke ke ke ok ok ke ke ke ke ke ok ke ke ek ke ke ke ke ke ke ke ke
File Description
This data file contains a set of rooting depths given as a fraction of the

maximum rooting depth to represent the root growth for non-ponded and ponded
Crops.

SRR R R R R R R R R R R R E R
Root Depth Fractions Data Specifications

NCOLRDEF
NSPRDF

Number of root depth fractions data columns
Number of time steps to update the root depth fractions
* Enter any number if time-tracking option is on

NFQRDF ; Repetition frequency of the root depth fractions data

* Enter 0 if full time series data is supplied

* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input
* Leave blank if DSS file is not used for data input

agaoooaooOoaaoaoaoaoooaQOoaaooooaoaoaoaoaoaoaan

VALUE DESCRIPTION

17 / NCOLRDF

1 / NSPRDF

0 / NFQRDF

/ DSSFL
o
C Root Depth Fractions
[ (READ FROM THIS FILE)
Cc
C List the root depth fractions (between 0.0 and 1.0] data below, if it will not be read from
C a DSS file (i.e. DSSFL is left blank abowve).
C
C TIME ; Time
C RDFRC; Root depths as a fraction of the maximum rooting depth; [dimensionless]
Cc
O
C TIME RDFRC[1] RDFRC[2] RDFRC[3] ... RTRNF[NCOLRDF]
C _____________
C GR co SB CR DB SF FI AL PA ™ Ccu oG TR AP OR S0 FL
C 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 1le 17
Com
12/31/2500_24:00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

*
o
C Pathnames for Root Depth Fractions Data
C (READ FROM DSS FILE)
C
C List the pathnames for root depth fractions data below, if it
[ will be read from a DSS file (i.e. DSSFL is specified above).
o4
C REC ; Time series record number
C PATH ; Pathname for the time series record
C
Com o
C REC PATH
o o
*
*
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83.8.7.d Minimum Soil Moisture Data File

This file includes the time series minimum soil moisture data that is used by IDC as
an irrigation event trigger. The data is specified as a fraction of the total available
water which is defined as the field capacity less the wilting point. In a given time
step, if the root zone moisture falls below the minimum soil moisture IDC computes
the agricultural supply requirement that is going to raise the moisture up to
irrigation target moisture (field capacity, by default) after the losses due to
percolation and return flow are taken into account. Each non-ponded crop at each
grid cell is associated with a data column in this file through pointers listed in the
Non-Ponded Crops Main File.
The following variables must be specified in this data file:
NCOLSM Number of minimum soil moisture data columns
NSPSM Number of time steps to update the minimum soil moisture
data; enter any number if time-tracking option is on
NFQSM Repetition frequency of the minimum soil moisture data; a
value of zero indicates that a full time series data set is
supplied; if time tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Minimum Soil Moisture Data File
If the time series data is listed in the Minimum Soil Moisture Data File, then the
following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
TIME Time. For time tracking simulations use
MM/DD/YYYY hh:mm format, for non-time tracking
simulations enter an integer number.
SMMIN Minimum soil moisture as a fraction of the total available

water (i.e. field capacity less wilting point)
Data Input from DSS File

If time series data is stored in a DSS file then the following variables should be

populated:
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Record number that coincides with the data column number
for the time series data
Pathname for the time series record that will be used for data

retrieval
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MINIMUM SOIL MOISTURE DATA FILE
Root Zone Component
***% Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: MinMoist.dat

ek ok kR Rk ok ok ek ok ok Rk Rk Rk ok ek R
File Description

This data file contains a set of minimum soil moistures as a fraction of the
Total Available Water (TAW = field capacity - wilting point) that are used
as triggers for irrigation events. These values are correlated to individual
crops through the Agricultural Lands Main Data File.

e sk ks sk ok ks ok ke ks ok ke ke ok ek ok ke ke ok ok o ok ke ok

Minimum Soil Moisture Data Specifications

NCOLSM ; Number of minimum soil moisture data columns
NSPSM ; Number of time steps to update the minimum soil moisture data
* Enter any number if time-tracking option is on
Repetition frequency c¢f the minimum soil moisture data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSE file for data input
* Leave blank if DSS file is not used for data input

NFQSM

annoaoaonaoQonNoNanNOoaanNnNaaNNannaonNaann

VALUE DESCRIFTION
17 / NCOLSM
1 / MSPSM
0 / NFQSM
/ DSSFL

Minimum Soil Moisture Data
(READ FRQOM THIS FILE)

List the minimum socil moisture data below, if it will not be read from
a Dss file (i.e. DSSFL is left blank above).

TIME ; Time
SMMIN; Minimum soil moisture as a fraction of the Total Available Water
(TAW = field capacity - wilting point)

Crop/Land Use No. Name
1 GR grain
2 CO  cotton
3 5B sugar beets
4 CR corn
5 DB dry beans
6 SF safflower
7 FI other field
8 AL alfalfa

9 PA pasture

10 TM tomatoes

11 CU cucurbits

12 OG onions & garlic

13 TR other truck

14 AP almonds & pistachios
15 OR other deciduous

16 S0 subtropical

17 FL fallow and bare soil

TIME GR co 5B CR DB SF FIL AL FA TH cu oG TR AP OR 50

QOO+ % 4+ 444 ¥4 2 FFF F FF X FAQAO0O00OONANQ

12/31/2500_24:00 0.55 0.5 0.45 0.5 0.5 0.4 0.7 0.4 0.5 0.6 0.5 0.7 0.5 0.6 0.5 0.5

*
[

[+ Pathnames for Minimum Soil Moisture Data

C (READ FROM DSS FILE)

C

[+} List the pathnames for minimum soil moisture data below, if it
C will be read from a DSS file (i.e. DSSFL is specified above).
C

o} REC ; Time series record number

[o} PATH ; Pathname for the time series record

[

P

C REC BATH

C

*

%
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8.3.8.7.e Irrigation Target Moisture Data File

The Irrigation Target Moisture Data File is optional and lists the target moisture
that IDC uses to compute the agricultural water supply requirement. This is the
moisture level that will be achieved when the irrigation amount is equal to the IDC-
computed water demand. The irrigation target moisture is specified as a fraction of
the field capacity. A value that is less than 1.0 may represent deficit irrigation
conditions (along with proper values of evapotranspiration rate and minimum soil
moisture data) while a value that is larger than 1.0 may represent additional
irrigation for leaching salts. If this file is omitted, then IDC uses field capacity as the
irrigation target moisture. Each non-ponded crop at each element is associated with
a data column in this file through pointers specified in the Non-Ponded Crops Data
File.
The following variables are used in this file:
NCOLTSM Number of irrigation target soil moisture data columns
NSPTSM Number of time steps to update the irrigation target soil
moisture data; enter any number if time-tracking option is on
NFQTSM Repetition frequency of the irrigation target soil moisture
data; a value of zero indicates that a full time series data set is
supplied; if time tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Irrigation Target Moisture Data File
If the time series data is listed in the Irrigation Target Moisture Data File, then the
following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
TIME Time. For time tracking simulations use
MM/DD/YYYY_ hh:mm format, for non-time tracking
simulations enter an integer number.

SMTRG Irrigation target soil moisture as a fraction of field capacity
Data Input from DSS File

If time series data is stored in a DSS file then the following variables should be

populated:
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REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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C INTEGRATED WATER FLOW MODEL (IWEM})

C

[

IRRIGATION TARGET SOIL MOISTURE DATA FILE
Root Zone Component
*** Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: TargetMoist.dat

R R R R D R D R S e R e R R s S s R RS R e

File Description

This data file contains a set of irrigation target soil moistures as a fraction of
field capacity that are used in computing irrigation water demand. During an
irrigation event the soil moisture is raised to the target soil moisture. Target
soil mositure cannot be less than minimum soil moisture specified in the Minimum
Soil Moisture data file. These values are correlated to individual crops through
the Non-Ponded Crop Data File.

Fdkhkkk ko khkh ko khkh bk khkh bk ko kh bk hk bk ko h kb bk bk bk kb bk ko hhk bk k ok h ok

Irrigation Target Soil Moisture Data Specifications

NCOLTSM ; Number of irrigation target soil moisture data columns
NSPTSM ; Number of time steps to update the irrigation target soil moisture data
* Enter any number if time-tracking option is on
NFQTSM ; Repetition frequency of the irrigation target soil moisture data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input
* Leave blank if DSS file is not used for data input

aaaaooaoooaooaoaoaoaooaoaaaoaoaoaaoaaaaaoaaoana

VALUE DESCRIPTION
17 / NCOLTSM
1 / NSPTSM
0 / NFQTSM

/ DSSFL

Irrigation Target Soil Moisture Data
(READ FROM THIS FILE)

List the irrigation target soil moisture data below, if it will not be read from
a DSS file (i.e. DSSFL is left blank above).

TIME ; Time
SMTRG; Irrigation target soil moisture as a fraction of field capacity; [L/L]

C

C

c

C

C

C

C

C

C

C

* Crop/Land Use No. Name

* s mmmm——

* 1 GR grain

* 2 CO cotton

* 3 5B  sugar beets

* 4 CR corn

* 5 DB dry beans

* 6 SF safflower

* 7 FI other field

* 8 AL alfalfa

* 9 PA pasture

* 10 TM tomatoes

* 11 CU cucurbits

M 12 0G onions & garlic

* 13 TR other truck

* 14 AP almonds & pistachios
* 15 OR other deciduous

* 16 50 subtropical

* 17 FL fallow and bare soil
*

C

C SMTRG
C

C TIME GR co SB CR DB SF FI AL PA ™ cu QG TR AP OR 50 FL
o

12/31/2500_24:00 1.0 1.0 0.7 1.1 1.0 1.0 1.1 1.0 1.0 1.0 1.0 0.7 1.0 1.0 1.0 1.0 0.0

Pathnames for Irrigation Target Soil Moisture Data
(READ FROM DSS FILE)

List the pathnames for irrigation target soil moisture data below, if it
will be read from a DSS file (i.e. DSSFL is specified above).

REC ; Time series record number
PATH ; Pathname for the time series record

REC PATH

FxO0O0QOO000OQ00O000O0 *
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838.7.f Minimum Percolation Fractions Data File

The Minimum Percolation Fractions Data File is optional and lists the minimum
percolation values that IDC uses to compute the agricultural water supply
requirement. This is the percolation level that IDC will try to achieve with the
applied water during an irrigation event. However, the percolation is limited with
the saturated hydraulic conductivity of the root zone and IDC may not be able to
achieve the user-specified minimum percolation if it is greater than the saturated
hydraulic conductivity. The minimum percolation is specified as a fraction of the
infiltrated applied water (i.e. total applied water less the net return flow). This
minimum percolation data can be used to simulate the irrigation practices to
facilitate the leaching of salts. If this file is omitted, then IDC will not try to increase
the applied water to achieve a minimum percolation. Each non-ponded crop at each
element is associated with a data column in this file through pointers specified in the
Non-Ponded Crops Data File.
The following variables are used in this file:
NCOLDPF Number of minimum percolation data columns
NSPDPF Number of time steps to update the minimum percolation
data; enter any number if time-tracking option is on
NFQDPF Repetition frequency of the minimum percolation data; a
value of zero indicates that a full time series data set is
supplied; if time tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Minimum Percolation Fractions Data File
If the time series data is listed in the Minimum Percolation Fractions Data File, then
the following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
TIME Time. For time tracking simulations use
MM/DD/YYYY hh:mm format, for non-time tracking
simulations enter an integer number.
LF Minimum percolation as a fraction of the infiltrated applied

water
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Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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MINIMUM PERCOLATICN FACTCRS DATA FILE
Root Zone Component
wikk Yersion 4.0 %¥*

Project: IDC Version ### Release
California Department of Water Resources
Filename: MinPerc.dat

E R R
File Description

This data file contains a set of minimum percolation factors given as
fractions of infiltrated irrigation water. These values are correlated to
individual crops through the Non-Ponded Crop Data File.

sk ok sk ok ke ok ok ok sk ke ok ke ok ok ok sk e ke ke e ke ke ke e ke ke e S ke e e e ke e S ke e e e ke e e e e ke e ke e Sk ke e e e ke e e e e e e e e ke e ok ke ke e e ke e ok ke ke ke ek ke
Minimum Percolation Factors Data Specifications

NCOLDPF ; Number of minimum percolation factors data columns
NSPDPF ; Number of time steps to update the minimum percclation
* Enter any number if time-tracking option is on
NFQDPF ; Repetition frequency of the minimum percolation factors data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input
* Leave blank if DSS file is not used for data input

VALUE DESCRIFTION

[sNeoNeNoNeNoRoNeNoNoNoNoNeNoRoNeNoNoNoNoNoNoRoNoReoNeNoRoRoNoRe Nl

/ NCOLDPF

1 / NSPDPF
/ NFQDPF
/ DSSFL

Minimum Percolation Factors
(READ FRCM THIS FILE)

List the minimum percolation factors data below, if it will not be read from
a DSs file (i.e. DSSFL is left blank above).

TIME ; Time
LF ; Minimum percolation factors as a fraction of infiltrated irrigation water;

[dimensionless]

TIME DPF[1] DPF[2] DPF[3] ... DPF[NCOLLF]

[sNoNoReResNoRoNoReRe NoNo Nl

12/31/2500_24:00 0.10 0.15

Pathnames for Minimum Percolation Factors Data
(READ FRCM DSS FILE)

List the pathnames for minimum percolation factors data below, if it
will be read from a D55 file (i.e. DSSFL is specified above).

REC ; Time series record number
PATH ; Pathname for the time series record

REC PATH

L s o RoNeNoNeoNoNoNes NoRoNeNo IR

IWFM Demand Calculator, IDC-2015



IWFM Demand Calculator
IDC-2015

Running IDC
8.3.8.8. Ponded-Crops Component Files

There are S pre-specified ponded crops simulated by IDC: i) rice with flooded
decomposition, ii) rice with non-flooded decomposition, iii) rice with no
decomposition, iv) seasonal refuges, and v) permanent refuges. Even though refuges
are not agricultural lands, their ponding operations are very similar to those of rice
fields. Therefore, they are grouped and simulated as ponded crops in IDC.

The following sections describe in detail the input data files that are used to

simulated ponded crops.

8.3.88a Ponded Crops Main File

The Ponded Crops Main File is the gateway file for all data that is necessary to
simulate ponded crops and generate ponded-crop related budget files.

The file is divided into several sections and uses the following variables:

Land-Use Areas
The filename for the ponded crop areas data file is listed in this section:
LUFLP File that lists the ponded crop areas (maximum 1000

characters)

Budget Output Files
To generate crop-specific land and water use and root zone budgets, the following
variables must be specified:
NBCROP Number of ponded crops for water budget output; enter 0 if
crop specific budget output is not required
BCCODE Crop codes for which water budget output is required
(RICE_FL = rice with flooded decomposition, RICE_NFL =
rice with non-flooded decomposition, RICE_NDC =rice
with no decomposition, REFUGE_ SL = seasonal refuges,
REFUGE_PR = permanent refuges)
CLWUBUDEL HDFS output file for crop-specific land and water use budget
at each subregion for selected crops (maximum 1000

characters); leave blank if this output is not required
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CRZBUDFL  HDFS output file for root zone moisture budget at each
subregion for selected crops (maximum 1000 characters);

leave blank if this output is not required

Rooting Depths
FACT Conversion factor for rice and refuge root zone depths
ROOTRI_FL  Root zone depth for rice with flooded decomposition; [L]
ROOTRI_NFL Root zone depth for rice with non-flooded decomposition;

[L]

ROOTRI_NDC Root zone depth for rice with no decomposition; [L]
ROOTRF_SL  Root zone depth for seasonal refuges; [L]
ROOTRF_PR  Root zone depth for permanent refuges; [L]

Curve Numbers for Rainfall Runoff Simulation
Curve numbers for each element and ponded-crop combination are entered in this
section. The curve numbers listed in this section are used only outside the ponding
season; during ponding season a value of 100 is used.
IE Element identification number entered sequentially; enter 0 if
curve numbers defined for each ponded-crop are to be used

for all elements

CNRI_FL Curve number for rice lands with flooded decomposition
CNRI_NFL Curve number for rice lands with non-flooded decomposition
CNRI_NDC  Curve number for rice lands with no decomposition
CNRF_SL Curve number for seasonal refuge lands

CNRF_PR Curve number for permanent refuge lands

Crop Evapotranspiration
Crop evapotranspiration for each element and ponded-crop combination is listed
here by specifying a column number in the Evapotranspiration File:
IE Element identification number entered sequentially; enter 0 if
following values are to be used for all elements
ICETRI_FL Evapotranspiration rate for rice with flooded decomposition;
this number corresponds to the appropriate data column in
the Evapotranspiration File listed in the Root Zone

Component Main File
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ICETRI_NFL  Evapotranspiration rate for rice with non-flooded
decomposition; this number corresponds to the appropriate
data column in the Evapotranspiration File listed in the Root
Zone Component Main File

ICETRI_NDC Evapotranspiration rate for rice with no decomposition; this
number corresponds to the appropriate data column in the
Evapotranspiration File listed in the Root Zone Component
Main File

ICETRI_SL Evapotranspiration rate for seasonal refuges; this number
corresponds to the appropriate data column in the
Evapotranspiration File listed in the Root Zone Component
Main File

ICETRI_PR  Evapotranspiration rate for permanent refuges; this number
corresponds to the appropriate data column in the
Evapotranspiration File listed in the Root Zone Component
Main File

Agricultural Water Supply Requirement
If, for any ponded-crop at an element, the agricultural water supply requirement is
pre-specified instead of being computed dynamically, they are specified in this
section:
IE Element identification number; enter 0 if following values are
to be used for all elements
ICAWRI_FL  Agricultural water supply requirement for rice with flooded
decomposition; this number corresponds to the appropriate
data column in the Agricultural Supply Requirement Data File
(AGWDFL) listed in the Root Zone Component Main File
(enter 0 if agricultural water supply requirement will be
computed dynamically
ICAWRI_NFL Agricultural water supply requirement for rice with non-
flooded decomposition; this number corresponds to the
appropriate data column in the Agricultural Supply
Requirement Data File (AGWDFL) listed in the Root Zone
Component Main File (enter 0 if agricultural water supply

requirement will be computed dynamically
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ICAWRI_NDC Agricultural water supply requirement for rice with no

ICAWRF_SL

ICAWRF_PR

Irrigation Periods

decomposition; this number corresponds to the appropriate
data column in the Agricultural Supply Requirement Data File
(AGWDFL) listed in the Root Zone Component Main File
(enter 0 if agricultural water supply requirement will be
computed dynamically

Water supply requirement for seasonal refuges; this number
corresponds to the appropriate data column in the
Agricultural Supply Requirement Data File (AGWDFL) listed
in the Root Zone Component Main File (enter 0 if
agricultural water supply requirement will be computed
dynamically

Water supply requirement for permanent refuges; this
number corresponds to the appropriate data column in the
Agricultural Supply Requirement Data File (AGWDFL) listed
in the Root Zone Component Main File (enter 0 if
agricultural water supply requirement will be computed

dynamically

Time series irrigation period data is listed in this section for each ponded crop and

element combination:

1IE

ICIP_FL

ICIP_ NFL

ICIP_NDC

Element identification number; enter 0 if following values are
to be used for all elements

Irrigation period for rice with flooded decomposition; this
number corresponds to the appropriate data column in the
Irrigation Period Data File (IPFL) listed in the Root Zone
Parameters Data File.

Irrigation period for rice with non-flooded decomposition;
this number corresponds to the appropriate data column in
the Irrigation Period Data File (IPFL) listed in the Root Zone
Parameters Data File.

Irrigation period for rice with no decomposition; this number

corresponds to the appropriate data column in the Irrigation
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Period Data File (IPFL) listed in the Root Zone Parameters
Data File.

ICIP_SL Irrigation period for seasonal refuges; this number
corresponds to the appropriate data column in the Irrigation
Period Data File (IPFL) listed in the Root Zone Parameters
Data File.

ICIP_PR Irrigation period for permanent refuges; this number
corresponds to the appropriate data column in the Irrigation
Period Data File (IPFL) listed in the Root Zone Parameters
Data File.

Rice and Refuge Operations Input Files
In this section filenames for input data files that list time series ponding depths and
pond operation flows are listed:
PNDTHFL File that lists the ponding depths for rice and refuge
operations (maximum 1000 characters)
FLOWFL File that lists rice and refuge pond operation flows that
include water application depths for non-flooded
decomposition of rice, re-use and return flow depths

(maximum 1000 characters)

Ponding Depths
Time series ponding depths for each element and ponded-crop combination are
listed in this section.
IE Element identification number; enter 0 if following values are
to be used for all element and ponded-crop combinations
ICPDRI_FL Ponding depth for rice with flooded decomposition including
depths for decomposition operations; this number
corresponds to the appropriate data column in the Ponding
Depth Data File (PNDTHFL)
ICPDRI_NFL  Ponding depth for rice with non-flooded decomposition; this
number corresponds to the appropriate data column in the
Ponding Depth Data File (PNDTHFL)
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ICPDRI_NDC
ICPDRF_SL
ICPDRF PR

Ponding depth for rice with no decomposition; this number
corresponds to the appropriate data column in the Ponding
Depth Data File (PNDTHFL)

Ponding depth for seasonal refuge ponds; this number
corresponds to the appropriate data column in the Ponding
Depth Data File (PNDTHFL)

Ponding depth for permanent refuge ponds; this number
corresponds to the appropriate data column in the Ponding
Depth Data File (PNDTHFL)

Application Depths for Non-Flooded Decomposition of Rice

For rice with non-flooded decomposition, the water application rates for the

decomposition of rice are listed here.

1IE

Element identification number; enter 0 if following values are

to be used for all element and ponded-crop combinations

ICDWRI_NFL Water application depth for non-flooded decomposition of

Return Flow Depths

rice; this number corresponds to the appropriate data column
in the Pond Operation Flows Data File (FLOWFL).

The return flow depths for each crop and element combination are listed in this

section. The return flows for rice and refuges include circulation depths as well as

lateral subsurface flows (i.e. seepage) into the return flow collection ditches.

IE

ICRTRI_FL

ICRTRI_NFL

ICRTRI_NDC

Element identification number; enter 0 if following values are
to be used for all elements

Depth of return flow for rice with flooded decomposition; this
number corresponds to the appropriate data column in the
Pond Operation Flows Data File (FLOWFL)

Depth of return flow for rice with non-flooded
decomposition; this number corresponds to the appropriate
data column in the Pond Operation Flows Data File
(FLOWFL)

Depth of return flow for rice with no decomposition; this
number corresponds to the appropriate data column in the
Pond Operation Flows Data File (FLOWFL)
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ICRTRF_SL Depth of return flow for seasonal refuges; this number
corresponds to the appropriate data column in the Pond
Operation Flows Data File (FLOWFL)

ICRTRF_PR Depth of return flow for permanent refuges; this number
corresponds to the appropriate data column in the Pond
Operation Flows Data File (FLOWFL)

Re-use Flow Depth
The re-use flow depths for each crop and element combination are listed in this
section:
IE Element identification number; enter 0 if following values
are to be used for all elements
ICRUFRI_FL  Depth of re-used water for rice with flooded decomposition;
this number corresponds to the appropriate data column in
the Pond Operation Flows Data File (FLOWFL)
ICRUFRI_NFL Depth of re-used water for rice with non-flooded
decomposition; this number corresponds to the appropriate
data column in the Pond Operation Flows Data File
(FLOWFL)
ICRUFRI_NDC Depth of re-used water for rice with no decomposition; this
number corresponds to the appropriate data column in the
Pond Operation Flows Data File (FLOWFL)
ICRUFRF_SL  Depth of re-used water at seasonal refuges; this number
corresponds to the appropriate data column in the Pond
Operation Flows Data File (FLOWFL)
ICRUFRF_PR  Depth of re-used water at permanent refuges; this number
corresponds to the appropriate data column in the Pond
Operation Flows Data File (FLOWEFL)

Initial Soil Moisture Conditions

The initial soil moisture content for each ponded crop and element combination is

listed in this section. For ponded crops, soil moisture content can be greater 1.0; in

this case the portion of the soil moisture above 1.0 represents the ponding depth.
IE Element identification number; enter 0 if following values

are to be used for all elements
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FSOILMP Fraction of initial soil moisture at element IE that is due to
precipitation

SOILM_RI FL  Initial root zone moisture content for rice with flooded
decomposition; [L/L]

SOILM_RI NFL Initial root zone moisture content for rice with non-
flooded decomposition; [L/L]

SOILM_RI _NDC Initial root zone moisture content for rice with no
decomposition; [L/L]

SOILM_RF_SL  Initial root zone moisture content for seasonal refuges;
[L/L]

SOILM_RF PR Initial root zone moisture content for permanent refuges;

[L/L]
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c

C INTEGRATED WATER FLOW MODEL (IWEM)

[
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RICE AND REFUGE LANDS DATA FILE
Root Zone Component
*** Version 4.0 ***

Project: 1IDC Version ### Release
California Department of Water Resources
Filename: PondedAg_MAIN.dat

s s e ek ok s o ke ko ko ok ok ok sk ek sk ko ok ko ek ok K ok ke ok ok ok e sk ok ok o ek Kok ok K

File Description

This data file contains the parameters and data file names for the simulation
of root zone processes and managament of lands with rice and refuge.

sk ok ok ko ek ko ok ok ko kk Kk kA Rk ko kA kb Ak ko ok ok kK ko kA K

Land Use Areas

LUFLP ; File that lists the crop areas (max. 1000 characters)

RootZone\PondedAg\PondedhAgArea.dat / LUFLP

e s ok ok s o ok ke ko ok ok ok ok ok sk ok ok ko ok Kok ek ok ¢ ks ok ok ko ek ko % K

Water Budget Output Files

NBCROP ¢ Number of ponded crops for water budget output
* Enter 0 if crop specific budget output is not reguired
BCCODE # Crop codes for which water budget output is required
(1 to NWBCROP}
* Use the following crop codes:
RICE_FL : Rice with flooded decompositicn
RICE_NFL : Rice with non-flooded decomposition
RICE_NDC : Rice with no decomposition
REFUGE_SL: Seasonal refuges
REFUGE_PR: Permanent refuges
CLWUBUDFL; HDF5 cutput file for land and water use budget at each
subregion for selected crops {(max. 1000 characters}
* Leave blank if this output is not required
CRZBUDFL ; HDF5 output file for root zone moisture budget at each
subregion for selected crops {(max. 1000 characters}
* Leave blank if this output is not required

OO0 00000000a00 [sXeNeNeNeRsNoNoRsNeNoRs NoNoNoNoReNoNoNs No e

VALUE DESCRIPTION
2 / NBCROP
RICE FL / BCCCDE[1]
REFUGE_PR / BCCODE [2]
Budget \PondedAgLWU, hdf / CLWUBUDFL
Budget\PondedAgRZ.hdf / CRZBUDFL

R R D R L e R R A A R I e

c Rooting Depths
c
C  FACT i Conversion factor for rice and refuge root zome depths
C ROOTRI_FL ; Root zone depth for rice with flocded decomposition; [L]
(o] ROOTRI_NFL; Root zone depth for rice with non-flcoded decomposition; [L]
C ROOTRI_NDC; Root zone depth for rice with no decomposition; [L]
c ROQTRE_SL Root zone depth for seascnal refuges: [L]
C ROOTRF_PR ; Root zone depth for permament refuges; [L]
C
C
C VALUE DESCRIPTION
C
1.0 / FACT
2.0 / ROOTRI_FL
2.0 / ROOTRI_NFL
2.0 / ROOTRI_NDC
2.0 / ROOTRE_SL
2.0 / ROOTRF_PR
o R R A L R R T TR e
C Curve Numbers for Rainfall Runoff Simulation
C
c Enter curve numbers for each grid element and rice/refuge combination.
C
[ IE ; Element ID (Enter 0 if following values are to be used for all
C element and pended agricultural crop combinations)
€ CNRI_FL ; <Curve number for rice lands with flooded decomposition
C CNRI_NFL ; Curve number for rice lands with non-flooded decomposition
c CNRI_NDC ; Curve number for rice lands with no decomposition
c CNRF_SL ; Curve number for seasonal refuge lands
C CNRF_PR ; Curve number for permanent refuge lands
C * Note: CN for rice and refuge should be entered for the type of
c soil and land cover during non-pending season. During the
C ponding season CN=100 will be used.
C
C
¢ IE CNRI_FL CNRI_NFL CNRI_NDC CNRF_SL CNRF_PR
C
1 78 78 18 65 &5
2 78 78 78 65 65
3 71 71 71 48 48
221 78 78 78 65 65
222 71 71 71 48 48
223

ko ek ko ok kK ko ko ko ke ke ks Kk ek ok ok ok ks ko ko Sk ko

Crop Evapotranspiration (ETe)

The following lists the ETc column pointers for each finite element, rice and
refuge combination.

1E ; Element ID (Enter 0 if following values are to be used for all element
and ponded crop combinations)
ICETRI_FL ; ETc for rice with fleooded decomposition - this number corresponds to the

aOaOaanan
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(o4 appropriate data column in the ET data file listed in the Main Contrel
(o} Data file.
c ICETRI_NFL ; ETc for rice with non-flooded decomposition - this number corresponds to
c the appropriate data column in the ET data file listed in the Main Control
[o} Data file.
c ICETRI_NDC ; ETc¢ for rice with no decomposition - this number corresponds to
c the appropriate data column in the ET data file listed in the Main Centrol
c Data file.
c ICETRF_SL ; ETc¢ for seasonal refuge - this number corresponds to the appropriate data
c column in the ET data file listed in the Main Control Data file.
c ICETRF_PR ; ETc for permanent refuge - this number corresponds to the appropriate data
c - column in the ET data file listed in the Main Control Data file.
(o3
o3
c IE ICETRI_FL ICETRI_NFL ICETRI_NDC ICETRF SL ICETRF PR
C

1 18 18 18 19 13

2 18 13 18 19 19

3 18 1lg 1s 19 13

221 18 18 18 1% 19

222 18 18 18 19 19

223 18 13 18 19 19

Chhkhhrhhdhkhhhhhdhhhhhkhhhhhkrhh bk kdrhhhkddh bk hkrdh ok hrrhhhkhr bk khkrdh ok hr b hhdnh
Water Supply Requirement

The following lists the water supply requirement column pointers for each finite
element and ponded crop combination.

IE i Element ID (Enter 0 if following values are to be used for all element
and ponded crop combinations)

ICAWRI_FL ; Water supply requirement for rice with flooded decomposition - this
number corresponds to the appropriate data column in the agricultural
water supply requirement data file (AGWDFL) listed in the Root Zone
Parameters Data File.

**% Note: Enter 0 if water supply requirement will be computed
internally.

ICAWRI_NFL ; Water supply requirement for rice with non-flooded decomposition - this
number corresponds to the appropriate data column in the agricultural
water supply requirement data file (AGWDFL) listed in the Root Zone
Parameters Data File.

*** Note: Enter 0 i1f water supply requirement will be computed
internally.

ICAWRI_NDC ; Water supply requirement for rice with no decomposition - this
number corresponds to the appropriate data column in the agricultural
water supply requirement data file (AGWDFL}) listed in the Root Zone
Parameters Data File.

*+* Note: Enter 0 if water supply requirement will be computed
internally.

ICAWRF _SL ; Water supply requirement for seascnal refuge - this number corresponds
to the appropriate data column in the agricultural water supply
requirement data file (AGWDFL) listed in the Root Zone Parameters
Data File.

*+x* Note: Enter 0 if water supply requirement will be computed
internally.

ICAWRF PR ; Water supply requirement for permanentl refuge - this number corresponds
to the appropriate data column in the agricultural water supply
requirement data file {AGWDFL} listed in the Root Zone Parameters
Data File.

*x* Note: Enter 0 if water supply requirement will be computed
internally.

IE ICAWRI_FL ICAWRI_NFL ICAWRI_NDC ICAWRF SL ICAWRF PR

[sXeRe X ReRs NN NsRoNs NN Ns o RsRoNsRoNs NoRsNoNoNo Ro R NeNoNs NN No N RoRo R NoRa N o]

1 0 0 0 0 0
2 0 0 0 0 0
3 0 0 0 0 0
221 0 0 0 0 0
222 0 0 0 0 31
223 Q o 1] 0 0

Ok kkkokok ok ko k ok ko k ok ok oh ok kA ok ok ok k ok ko ok ok ko k ok ok kA k ko k ok kk ok Rk k ok ok k ko k ok ko kk ko k ok kR kA k ok

Irrigation Periods

The fellowing lists the irrigation period column pointers for each
finite element and ponded crop combinations.

IE ; Element ID (Enter 0 if following wvalues are to be used for all element
and ponded crop combinations)
ICIP FL ; Irrigation period for rice with flocded decomposition - this number

corresponds to the appropriate data column in the irrigation perioed
data file (IPFL) listed in the Root Zone Parameters Data File.
ICIP_NFL ; Irrigation period for rice with non-flooded decomposition - this number
corresponds to the appropriate data column in the irrigation period
data file (IPFL) listed in the Root Zone Parameters Data File.
ICIP_NDC ; Irrigation period for rice with no decomposition - this number
corresponds to the appropriate data column in the irrigation period
data file (IPFL) listed in the Root Zone Parameters Data File.
ICIP_SL ; Irrigation period for seasonal refuge - this number corresponds to
the appropriate data column in the irrigation period data file
{IPFL) listed in the Root Zone Parameters Data File.
ICIP_PR ; Irrigation period for permanent refuge - this number corresponds to
the appropriate data ceolumn in the irrigation period data file
(IPFL) listed in the Root Zone Parameters Data File.

IE ICIFP_FL ICIP_NFL ICIP_NDC ICIP_SL ICIP_FR

18

Hokkk kb ko ki k ok h ke hk kA hh ks h ko k kA ko h ko k kA ko ko kR ko k kA Rk k kR ok kkk ARk hkh

Rice and Refuge Operations Input Files

The following lists the rice and refuge operations related data files.

ooOOoOoNOoN0 OO anNn

PNDTHFL ; File that lists the ponding depths for rice and refuge operations
{max. 1000 characters)
FLOWEL ; File that lists rice/refuge pond operation flows (water application
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C depths for non-flooded decomposition of rice, re-use and return

[of flow depths (max. 1000 characters})

C

C

c VALUE DESCRIPTION

C
RootZone\Pondedhg\PondDepth.dat / PNDTHFL
RootZone\PondedAg\PondOperationFlows,dat / FLOWFL

ol R R Rt R S

Ponding Depths

IE ; Element ID (Enter 0 if following values are to be used for all element
and ponded crop combinations)

ICPDRI_FL ; Ponding depth for rice with flooded decomposition including depths for
decomposition operations - this number corresponds to the appropriate
data column in the rice/refuge ponding depth data file (PNDTHEL).

ICPDRI_NFL; Ponding depth for rice with non-flooded decomposition - this number
corresponds to the appropriate data column in the rice/refuge
ponding depth data file {PNDTHFL).

ICPDRI_NDC; Ponding depth for rice with no decomposition - this number
corresponds to the appropriate data column in the rice/refuge
ponding depth data file {(PNDTHFL).

ICPDRF_SL ; Ponding depth for seasonal refuge ponds - this number corresponds to the
appropriate data column in the rice/refuge ponding depth data file (PNDTHFL}.

ICPDRF_PR ; Ponding depth for permanent refuge ponds - this number corresponds to the
appropriate data column in the rice/refuge ponding depth data file (PNDTHFL).
IE ICPDRI_FL ICPDRI_NFL ICPDRI_NDC ICPDRF_SL ICPDRF_PR

aoaooaNanonNacanoanaca

Chrhhmbkhhhkhk ke hhhhhkh ki hhhhkhd bk ko kA kb hkhhhhhkkhhh ko k ke kA ok hhkhh ko hkh kA h bk kb h &

C Application Depths for Non-Flcocoded Rice Decomposition
C
C 1E ; Element ID (Enter 0 if following values are tc be used for all elements)
o ICDWRI_NFL; Water application depth for non-flooded decomposition of rice - this number
(o} corresponds to the appropriate data column in the rice/refuge flows
o} data file (FLOWFL).
Cc
o3
o} IE ICDWRI_NFL
C
0

R R R R R R R L T L R T R T R R R R R g

Return Flow Depths

1E ; Element ID (Enter 0 if following values are to be used for all element
and ponded crop combinations)
ICRTRI_FL ; Depth of return flow for rice with flooded decomposition - this number
corresponds to the appropriate data column in the rice/refuge flows
data file (FLOWFL).
ICRTRI_NFL; Depth of return flow for rice with non-flooded decomposition - this number
corresponds to the appropriate data column in the rice/refuge flows
data file (FLOWFL).
ICRTRI_NDC; Depth of return flow for rice with no decomposition - this number
corresponds to the appropriate data column in the rice/refuge flows
data file (FLOWFL).
ICRTRF_SL ; Depth of return flow for seascnal refuges - this number corresponds to the
appropriate data column in the rice/refuge flows data file (FLOWFL).
ICRTRF_PR ; Depth of return flow for permanent refuges - this number corresponds to the
appropriate data column in the rice/refuge flows data file (FLOWFL}.
*** Note: Return flow for rice and refuge includes circulation depths as well
as lateral subsurface flow {i.e. seepage) to return flow collection
ditches.

IE ICRTRI_FL ICRTRI_NFL ICRTRI_NDC ICRTRF SL ICRTRF_PR

aooonaoaaaaaaaaannNoaaaan

(ko s sk ok sk ok kb ko ook ks kb koo ok ok ek ko ok
Re-use Flow Depths

IE ; Element ID (Enter 0 if following values are to be used for all element
and ponded crop combinations)

ICRUFRI_FL ; Depth of re-used water at rice with flooded decomposition - this number
corresponds to the appropriate data column in the rice/refuge
flows data file (FLOWFL).

ICRUFRI_NFL; Depth of re-used water at rice with non-flooded decomposition - this number
corresponds to the appropriate data column in the rice/refuge
flows data file (FLOWFL).

ICRUFRI_NDC; Depth of re-used water at rice with no decomposition - this number
corresponds to the appropriate data column in the rice/refuge
flows data file (FLOWFL).

ICRUFRF_SL ; Depth of re-used water at seasonal refuges - this number correspends to the
appropriate data column in the rice/refuge flows data file (FLOWFL}).

ICRUFRF_PR ; Depth of re-used water at permanent refuges - this number corresponds tc the
appropriate data column in the rice/refuge flows data file (FLOWFL).

IE ICRUFRI_FL ICRUFRI_NFL ICRUFRI_NDC ICRUFRF SL ICRUFRF FR

coonaoaoaoNonaaanaaan

Cohdk ko dhkhhkkkkdhhdhhhokh ki hkkdkhdhkkh ok khkhkkhh ki kkkhkhhkhkhkhkhhhhhhhkh kA hhhkhkd

Initial Soil Moisture Condition
For Ponded Lands
IE H Element ID (0 if following values are to be used for all elements)
FS0ILMP H Fraction of initial soil mcisture at element IE that is due to precipitation

SOIIM_RI_FL ; Initial root zone moisture content for rice with flooded decompositicn; [L/L]
SOILM RI NFL; Initial root zone moisture content for rice with non-flooded decomposition; [L/L]
SOILM_RI_NDC; Initial root zone moisture content for rice with no decompesition; [L/L]
SOILM_RF_SL ; Initial root zone moisture content for seasonal refuges; [L/L]
SOIIM RF_PR ; Initial root zone moisture content for permanent refuges; [L/L]
*** Hote: SOILM can be greater than 1.0 to reflect

ponding conditions for rice and refuge. When SOILM is

greater than 1.0, the ponding depth will be computed as

RootDepth x {(SOILM-1)

IE FSOILMP SOILM RI_FL  SOILM RI_NFL  SOILM RI_NDC SOILM RF_SL  SOILM RF PR

QooooocaQanNnanaanana

1 0.5 0.1370 0.1370 0.1370 0.1370 0.1370
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83.88b Ponded Crops Area Data File

Areas of each ponded crop at every element are listed in this file:

FACTLNP Conversion factor for land use areas; enter 0.0 if land use
distribution is given as a fraction of element area

NSPLNP Number of time steps to update the land use data; enter any
number if time-tracking option is on

NFQLNP Repetition frequency of the crop area data; a value of zero
indicates that a full time series data set is supplied; if time
tracking simulation, enter any number

DSSFL The name of the DSS file for data input; leave blank if DSS

file is not used for data input

Data Input from Ponded Crops Area Data File
If the time series data is listed in the Ponded Crops Area Data File, then the
following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
ITLN Time. For time tracking simulations use
MM/DD/YYYY hh:mm format, for non-time tracking
simulations enter an integer number.
IE Element identification number
ALANDRI _FL  Area (or fraction of area) of rice with flooded
decomposition over element IE; [L*] or [L?/L?] based on
FACTLNP above
ALANDRI_NFL Area (or fraction of area) of rice with non-flooded
decomposition over element IE; [L*] or [L?/L?] based on
FACTLNP above
ALANDRI_NDC Area (or fraction of area) of rice with no decomposition
over element IE; [L?] or [L?/L?] based on FACTLNP
above
ALANDRF_SL  Area (or fraction of area) of seasonal refuges over element
IE; [L?] or [L?/L?] based on FACTLNP above
ALANDRF PR  Area (or fraction of area) of rice with permanent refuges
over element IE; [L?] or [L?/L?] based on FACTLNP

above

IWFM Demand Calculator, IDC-2015 | 133



IWFM Demand Calculator

IDC-2015
Running IDC
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
IE Element identification number
LUTYPE Land-use identification number entered sequentially (1 = rice
with flooded decomposition, 2 = rice with non-flooded
decomposition, 3 = rice with no decomposition, 4 = seasonal
refuges, S = permanent refuges)
PATH Pathname corresponding to element and ponded crop type

combination
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C INTEGRATED WATER FLOW MODEL (IWEM)
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PONDED CROP AREA FILE
Root Zone Component
**% Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Rescurces
Filename! PondedhgArea.dat

ok ok ek Rk ok ko ke ok A AR ko R ok kR kR Rk kR Rk Rk kK Rk kA K
File Description

This data file contains the land use distribution of ponded crops for
each element for the simulation periocd.

ek k k ok hkok kA kk ok kk ok ok kk kk kA ko h kkkk ok k ok kkkkkk kA hk hkkk kA Ak hkk ok ok k kA k ok kkk ok Ak k h ok kkkk ok k

Land Use Data Specifications

FACTLNP; Conversion factor for land use area
* Enter 0.0 if land use distribution is given as a fraction of element area
NSPLNP ; Number of time steps to update the land use data
* Enter any number if time-tracking option is on
NFQLNP ; Repetition frequency of the land use data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL H The name of the DSS file for data input
* Leave blank if DSS file is not used for data input

aaocOonoaoQaaNNoNaoaQonNQeaNaaNanNan

VALUE DESCRIPTION
10.763910417 / FRCTLNP (sq.m. -> sq.ft.}
1 / NSPLNP
0 / NFQLNE
/ DSSFL

Land Use Data
(READ FROM THIS FILE)

List the land use data below, if it will not be read from a DSS file
{i.e. DSSFL is left blank above).

ITLN ; Time
IE ; Element number
ALBNDRI_FL ; Rice area {or fraction of area) over an element with flooded

decomposition; [L*2]) or [L"2/L"2] (based on FACTLNP above)
ALANDRI_NFL; Rice area f{or fraction of area) over an element with non-flooded

decomposition; [L*2] or [L*2/L*2] (based on FACTLNP above)
ALANDRI_NDC; Rice area {or fraction of area) over an element with no

decomposition; [L"2] or [L"2/L"2] (based on FACTLNP above)

ALRNDRF_SL ; Seasonal refuge area (or fraction of area) over an
element; [L"2] or [L"2/L"2] (based e¢n FACTLNP abowve)
ALBNDRF_PR ; Permanent refuge area (or fraction of area) over an

element; [L"2] or [L"2/L"2] (based on FACTLNP above)
* Note: Crop areas over elements that are designated as lake elements
will be ignored

ITLN IE ALANDRI FL ALANDRI NFL ALANDRI_NDC ALANDRF SL ALANDRF PR

caoaaooooNanoOOanaooaoaaan

12/31/2500_24:00 1 311.19 0.0000 0.0000 0.0000 0.00
2 0.00 0.0000 0.0000 0.0000 0.00
3 409749, 34 0.,0000 0.0000 0,0000 0.00
4 1155717.27 0.0000 0.0000 0.0000 0.00
5 0.00 0.0000 0.0000 0.0000 0.00
219 505008.16 0.0000 0.0000 0.0000 27976.28
220 1607496.62 0.0000 0.0000 0.0000 46201.79
221 13063.29 0.0000 0.0000 0.0000 0.00
222 .00 0.0000 0.0000 0.0000 1471081.66
223 958187,12 0.0000 0.0000 0,0000 0.00

c _—

C Pathnames for Land Use Data

C (READ FROM DSS FILE)

Cc

[o) List the pathnames for the land use data below, if it will be read from a DSS file

c {i.e. DSSFL is specified above).

C

Cc The pathnames should be listed for each element and ponded crop combination.

C They should be listed in an corder such that, the crop type changes first.

c

C * Example:

o}

Cc IE LUTYPE PATH

Cc 1 1 (pathname[1])

o] 1 2 ({pathname[2]}

o] 1 3 (pathname[3])

Cc 1 4 (pathname[4]}

C 1 5 {pathname[5]}

o) 2 1 {pathname[6]}

o) 2 2 (pathname[7])

Cc 2 3 (pathname[8])

C 2 4 {pathname[9]}

C 2 5 ({pathname[10])

Cc .

[

o} B .

C NE 1 (pathname[5*NE - 4]}

[of NE 2 ({pathname[5*NE - 3]}

c NE 3 {pathname[5*NE - 2]}

[o} NE 4 (pathname[5*NE - 1])

o) NE 5 (pathname[5*NE 1)

C

o] 1E } Element number
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C LUTYPE ; Land use type
C 1 = Rice with flooded decomposition
C 2 = Rice with non-flooded decomposition
C 3 = Rice with no decomposition
(o4 4 = Seasonal refuge
C 5 = Permanent refuge
C PATH ; Pathname corresponding to element and ponded crop type combination
C
o
C IE LUTYPE PATH
e o e
*
*
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8.3.8.8.c Ponding Depth Data File

This file includes the time series pond depths for rice and refuges. The ponded crops
are associated with data columns in this file through pointers specified in the
Ponded Crops Main File.
The following variables are listed in this file:
NCOLPND Number of pond depth data columns
FACTPND Conversion factor pond depths
NSPPND Number of time steps to update the pond depths; enter any
number if time-tracking option is on
NFQPND Repetition frequency of the pond depths; a value of zero
indicates that a full time series data set is supplied; if time
tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Ponding Depth Data File
If the time series data is listed in the Ponding Depth Data File, then the following
variables need to be populated. Otherwise, these variables should be commented
out using “C”, “c” or “*”, and the variables in the “Data Input from DSS File” section
below should be populated.
TIME Time. For time tracking simulations use
MM/DD/YYYY_ hh:mm format, for non-time tracking

simulations enter an integer number.

PND Pond depth; [L]
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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[

RICE/REFUGE POND DEPTH DATA FILE
Root Zone Component
*%% Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: PondDepth.dat

e e R R R R R R R R R R R e R R R T T T T R T T ey

File Description

This data file contains a set of ponding depths for rice fields and refuges.
These values are correlated to individual grid elements through the Rice/Refuge
Data File.

ok k ok kk ok ko k ok ok ok k ok ko k ko ko ko k ok ko ko ko ko ko ko ok ok ok ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke ek ek

Rice/Refuge Pond Depth Data Specifications

NCOLPND ; Number of pond depth data columns
FACTPND ; Conversion factor for pond depths
NSPPND ; Number of time steps to update the pond depths

* Enter any number if time-tracking option is on
NFQPND ; Repetition frequency of the pond depth data

* Enter 0 if full time series data is supplied

* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input

* Leave blank if DSS file is not used for data input

aooQQaoaoaoaooaooaoaaoooaoaaoaaoQaoaaaoaaa

VRLUE DESCRIPTION
2 / NCOLPND
0.08333 / FACTPND (in -> ft
1 / NSPPND
0 / NFQPND
/ DSSFL
C
C Rice/Refuge Pond Depth Data
C (READ FROM THIS FILE)
C
[ List the rice/refuge pond depths below, if it will not be read from
C a DSS file (i.e. DSSFL is left blank above).
C
C TIME ; Time
C PND ; Pond depths; [L]
C
* Column 1l: Growing season and decomp ponding depths for flooded-decomp rice
* Column 2: Ponding depth for permanent refuges
C
C
¢ TIME PND[1]  PND[2] PND(3] ... PND[NCOLPND]
C
C 1 2
01/31/4000_24:00 0.0 2.5
02/29/4000_24:00 0.0 2.5
03/31/4000_24:00 0.0 2.5
04/30/4000_24:00 0.0 2.5
05/31/4000_24:00 3.0 2.5
06/30/4000_24:00 5.0 2.5
07/31/4000_24:00 8.0 2.5
08/31/4000_24:00 0.0 2.5
09/30/4000 24:00 0.0 2.5
10/31/4000_24:00 3.0 2.5
11/30/4000_24:00 6.0 2.5
12/31/4000_24:00 0.0 2.5
C
C Pathnames for Pond Depths
C (READ FRCM DSS FILE)
C
C List the pathnames for pond depths below, if it will be
C read from a DSS file (i.e. DSSFL is specified above).
C
Cc REC ; Time series record number
C PATH ; Pathname for the time series record
C
C
c REC PATH
C
*
*
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8.3.88.d Pond Operation Flows Data File

This file lists unit flow rates that represent the pond and decomposition operations
such as return flows, amounts of re-used return flows and the application rates for
the non-flooded rice decomposition. The data columns in this file are associated
with specific ponded crops through pointers specified in the Ponded Crops Main
File.
The following variables are used:
NCOLFLW Number of data columns for pond operation flow rates
FACTFLW Conversion factor for the spatial component of the pond
operation flow rates
NSPFLW Number of time steps to update the pond operation flow
rates; enter any number if time-tracking option is on
NFQFLW Repetition frequency of the pond operation flow rates; a value
of zero indicates that a full time series data set is supplied; if
time tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Pond Operation Flows Data File
If the time series data is listed in the Pond Operation Flows Data File, then the
following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
TIME Time. For time tracking simulations use
MM/DD/YYYY_ hh:mm format, for non-time tracking

simulations enter an integer number.

FLW Pond operation flow rates; [L/T]
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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RICE/REFUGE OPERATION FLOW RATE DATA FILE
Roct Zone Component
*** Version 4.0 ***

Project: 1IDC Version ### Release
California Department of Water Resources
Filename: PondOperationFlows.dat

e e ek ok ek ek ok ok ek o ek ok ok ok ko ok ok ok ok ok ko ok ok ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

File Description

This data file contains a set of flow rates (in units of L/T) to be used for
simulating the rice and refuge return flows, re-use and water application rates
for non-flooded rice decomposition. These values are correlated to individual
grid elements through the Rice/Refuge Data File.

e ek ok ok ek ok ok ok ok ke ko ok ek ok ok ok ok ok ok ok ok ko ok ok ok ok ok ko ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

Rice/Refuge Operation Flow Rate Data Specifications

NCOLFLW ; Number of data columns
FACTFLW ; Conversion factor for operation flow rates
It is used to convert only the spatial component of the unit;
DO NOT include the conversion factor for time component of the unit.
* e.g. Unit of depth listed in this file = INCHES/MONTH
Consistent unit used in simulation FT/DAY
Enter FACTOPS (INCHES/MCONTH -> FT/MCNTH) = B8.333333E-02
(conversion of MONTH -> DAY is performed automatically
NSPFLW ; Number of time steps to update the operation flow rates
* Enter any number if time-tracking option is on
NFQFLW ; Repetition frequency of the operation flow rate data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input
* Leave blank if DSS file is not used for data input

aoaoaoOoooooaaooooaaoaoaoOoOoOoaaoaoaoooaoaooaoaaoaaan

VALUE DESCRIPTICN
5 / NCOLFLW
0.08333 / FACTFLW (in/mon -> ft/mon)
1 / NSPFLW
0 / NFQFLW
/ DSSFL
Com o
C Rice/Refuge Operation Flow Rate Data
C (READ FROM THIS FILE)
C
C List the rice/refuge operation flow rates below, if it will not be read from
C a DSS file (i.e. DSSFL is left blank above).
C
C TIME ; Time
C FLW ; Operation flow rates; [L/T]
C
* Column 1; Flow-thru (return flow) depth for entire year for flooded-decomp rice
* Column 2: Return flow depth for permanent refuges
* Column 3: Re-use depth for flooded decomp rice
* Column 4: Re-use depth for refuges
* Column 5: Application depth for non-ponded decomp rice
C
o
C TIME FLW[1] FLW(2] FLW[3] ... FLW[NCOLFLW]
C _______________
o 1 2 3 4 5
01/31/4000 _24:00 2.0 0.0 0.0 0.0 0.0
02/29/4000_24:00 1.0 0.0 0.0 0.0 0.0
03/31/4000 24:00 0.0 0.0 0.0 0.0 0.0
04/30/4000:24:00 0.0 0.0 0.0 0.0 0.0
05/31/4000_24:00 3.0 0.0 0.0 0.0 0.0
06/30/4000_24:00 0.0 0.0 0.0 0.0 0.0
07/31/4000_24:00 1.9 0.0 0.0 0.0 0.0
08/31/4000_24:00 1.9 0.0 0.0 0.0 0.0
09/30/4000_24:00 0.95 0.0 0.0 0.0 0.0
10/31/4000 24:00 0.0 0.0 0.0 0.0 0.0
11/30/4000 24:00 2.0 0.0 0.0 0.0 0.0
12/31/4000:24:00 2.0 0.0 0.0 0.0 0.0
C
(o4 Pathnames for Operation Flow Rates
C (READ FROM DSS FILE)
C
c List the pathnames for operation flow rates below, if it will be
C read from a DSS file (i.e. DSSFL is specified above).
C
C REC ; Time series record number
c PATH ; Pathname for the time series record
C
[ ettt
o4 REC PATH
Cm e e e
*
*
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8.3.8.9. Urban Component Files

8389a Urban Lands Main File

The Urban Lands Main File is the gateway file for all data that is necessary to
simulate land surface and root zone flow processes in urban lands.

The file is divided into several sections and uses the following variables:

Land-Use Areas

The filename for the urban areas data file is listed in this section:

LUFLU File that lists the urban areas (maximum 1000 characters)
Rooting Depth
FACT Conversion factor for urban outdoors root zone depth

ROOTURB Root zone depth for urban outdoors; [L]

Urban Water Use, Management and Simulation Parameters

POPULFL File that lists the time series urban population data (maximum
1000 characters)

WTRUSEFL  File that lists the rates of per capita water use (maximum 1000
characters)

URBSPECFL  File that lists the urban water use specifications (maximum
1000 characters)

IE Element identification number

PERV Fraction of pervious area to total urban areas

CNURB Curve number for urban lands

ICPOPUL Population; this number corresponds to the appropriate data

column in the Population Data File (POPULFL)
ICWTRUSE  Per capita water use; this number corresponds to the
appropriate data column in the Per Capita Water Use Data
File (WTRUSEFL)
FRACDM Relative proportion of the urban demand computed by
multiplying population with per capita water use to be applied
to element IE; enter -1.0 for all elements if relative proportion

will be computed with respect to urban area at each element
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ICETURB
ICRTFURB
ICRUFURB
ICURBSPEC

Urban evapotranspiration; this number corresponds to the
appropriate data column in the Evapotranspiration File listed
in the IDC Main Input File

Fraction of the urban applied water that becomes return flow;
this number corresponds to the appropriate data column in
the Return Flow Fractions Data File (RFFL) specified in the
Root Zone Component Main File; for urban lands (return
flow fraction applies only to pervious (lawns, parks, etc) urban
areas; all water delivered to urban indoor areas becomes
return flow)

Fraction of the urban applied water that is re-used; this
number corresponds to the appropriate data column in the
Re-use Fractions Data File (RUFL) specified in the Root
Zone Component Main File

Urban water use specification data as a fraction of total urban
water that is used indoors; this number corresponds to the
appropriate data column in the Urban Water Use
Specifications Data File (URBSPECFL)

Initial Soil Moisture Conditions

The initial soil moisture content for urban outdoors at each element is listed in this

section.

1IE

FSOILMP

SOILM

Element identification number; enter 0 if following values are
to be used for all elements

Fraction of initial soil moisture at element IE that is due to
precipitation

Initial root zone moisture content for urban outdoors; [L/L]
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[ INTEGRATED WATER FLOW MODEL (IWFM)
c **% Version H## *r*

R R I A R T T T

URBAN LANDS DATA FILE
Reot Zone Component
for IWFM Simulation

Project: IDC Version ### Release
California Department of Water Resources
Filename: Urban MAIN.dat
ek Ak kA ok kR kA bk ko k ok Ak ok Ak k kAR R Ak ko k kA k kA kA kR kR R ok Ak kA k ko ko

File Description

This data file contains the parameters and data file names for the simulation
of root zone processes and managament of urban lands.

ko ko k kR AR A Ak kb ko kK kR R KR Rk ok ok k ko kR kR AR Ak k ko k
Land Use Rreas

aOooooooaaoaaanoaoaaaaoaaan

LUFLU ; File that lists the urban areas (max. 1000 characters)
RootZone\Urban\UrbanArea.dat / LUFLU
T T
c Rooting Depth
c
c FACT ; Conversion factor for urban root zone depth
(o} ROOTURE; Urban roet zone depth; [L]
o]
PoI— —— —- ———
[ VALUE DESCRIPTION
Cmmmm _— _— ———
1.0 / FACT
2.0 / ROOTURB

C**i—*‘ck*****kak*a’:******i**i—*‘ck**k***ak*a&*********i—**l—**k***a**a’;*********i—**i—*
Urban Water Use, Management and Simulation Parameters

POPULFL ; File that lists the urban population (max. 1000 characters)
WTRUSEFL ; File that lists the per capita water use (max. 1000 characters)
URBSPECFL; File that lists the urban water use specifications (max. 1000 characters)

IE ; Element ID (Enter 0 if following values are to be used for all elements)
PERV ; Fraction of pervicus area to total urban areas

CNURB ; Curve number for urban lands

ICPOPUL ; Population - this number corresponds to the appropriate data

column in the Peopulation file (POPULFL
ICWTRUSE ; Per capita water use - this number corresponds to the appropriate data
column in the Per Capita Water Use file (WTRUSEFL)
FRACDM ; Relative proporticn of the urban demand computed by multiplying population
with per capita water use to be applied to element IE
* Note: Enter -1.0 for all FRACDM if relative proportion will be computed
with respect to urban area at each element
ICETURE ; Urban ETc - this number corresponds to the appropriate data column
in the ET data file listed in the Main Control Data file.
ICRTFURB ; Fraction of the urban applied water that becomes return flow - this
number corresponds to the appropriate data column in irrigation
water return flow factor data file (RFFL).
* Note: For urban lands, return flow fraction applies only to
pervious (lawns, parks, etc) urban areas. All water
delivered to urban indoor areas becomes return flow.
ICRUFURB ; Fraction of the applied water that is re-used - this number corresponds
to the appropriate data column in irrigation water re-use factor data
file {(RUFL).
ICURBSPEC; Urban water use specification data as a fraction of total urban water that
is used indoors - this number corresponds to the appropriate data column
in the urban water use specifications data file (URBSPECFL)

oooaaaoaoaooaoaoaaoaoaaanoanoaoaaaoaaanana

[o— — _— ————
c VALUE DESCRIPTION
Gmmmm e —
RootZone\Urban\Population.dat / POPULFL
RootZone\Urban\WaterUse.dat / WTRUSEFL
RootZone\Urban\UrbanSpecs.dat / URBSPECFL
[o— — — —
c IE PERV CNURB ICPOPUL ICWTRUSE FRACDM ICETURB ICRTFURB ICRUFURE ICURBSPEC
c- —
1 0.62 79 1 4 -1.0 20 2 2 1
2 0,62 79 1 4 -1.0 20 2 2 1
3 0.62 69 1 4 -1.0 20 2 2 1
221 0.62 719 1 2 -1.0 20 2 2 1
222 Q.62 69 1 1 -1.0 20 2 2 1
223 0.62 69 1 4 -1.0 20 2 1

(G e ek ok ok ko ko ke ek ok ko ok ok ko ko ke kb ok ok ok Kk ko ek

c Initial Soil Moisture Cenditicn
c For Urban Lands
[
[ IE ; Element ID (0 if following wvalues are to be used for all elements)
(o] FSOILMP; Fraction of initial soil moisture at element IE that is due to precipitation
(o} SOILM ; Initial root zone moisture content for urban land; [L/L]
c
[o— e ———— -
c IE FSOILMP SOILM
[o— — _— -
1 0.5 0.1370
2 0.5 0.1571
3 0.5 Q.1053
221 0.5 0.0485
222 0.5 0.2322
223 0.5 0.1210
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83.89b Urban Area Data File

Area of urban lands at every element are listed in this file:

FACTLNU

NSPLNU

NFQLNU

DSSFL

Conversion factor for land use areas; enter 0.0 if land use
distribution is given as a fraction of element area

Number of time steps to update the land use data; enter any
number if time-tracking option is on

Repetition frequency of the land use data; a value of zero
indicates that a full time series data set is supplied; if time
tracking simulation, enter any number

The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Urban Area Data File
If the time series data is listed in the Urban Area Data File, then the following

variables need to be populated. Otherwise, these variables should be commented

» o« »

out using “C”, “c” or

“x»

, and the variables in the “Data Input from DSS File” section

below should be populated.

ITLN Time. For time tracking simulations use
MM/DD/YYYY_ hh:mm format, for non-time tracking
simulations enter an integer number.

IE Element identification number

ALANDU Urban area (or fraction of area) over element IE; [L?] or
[L?/L*] based on FACTLNU above

Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:

IE Element identification number

PATH Pathname corresponding to urban area at element IE
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URBAN AREA FILE
Root Zone Component
**% Version 4.0 ***

Project: 1IDC Version #i# Release
California Department of Water Resources
Filename: UrbanArea.dat
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File Description

This data file contains the land use distribution of urban lands for
each element for the simulation period.

hkkkhkhk ok kkhkk ok kkkkkk ok kkkkkk ok kkkh kA kkkkhkkkkkkkkkkkkkkkkkkkkkkkkkk ke kkhk ko ke ko khk ok

Land Use Data Specifications

FACTLNU; Conversion factor for land use area
* Enter 0.0 if land use distribution is given as a fraction of element area
NSPLNU ; Number of time steps to update the land use data
* Enter any number if time-tracking option is on
NEQLNU ; Repetition frequency of the land use data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input
* Leave blank if DSS file is not used for data input

[sXsEsEeeRsNsNoNsNoNoNeNoReRsNoNsNoNo R NoNoNsNoReNoNoNo o N o No Nl

VALUE DESCRIPTICN
10.763910417 / FACTLNU (sg. m. -> sg. ft.)
1 / NSPLNU
0 / NFQLNU
/ DSSFL

c
C Land Use Data
C (READ FRCM THIS FILE)
C
C List the land use data below, if it will not be read from a DSS file
(] (i.e. DSSFL is left blank above).
C
C ITLN H Time
C IE ; Element number
C ALANDU ; Urban area (or fraction of area) over an element; [L"2] or [L"2/L"2] (based on FACTLNU above)
[od * Note: Urban areas over elements that are designated as lake elements
Cc will be ignored
C
od
C ITLN 1IE ALANDU
C
12/31/2500_24:00 1 633.00
2 0.00
3 8771,34
4 60486.76
5 0.00
219 99096.04
220 110491.22
221 2989.20
222 0.00
223 23114.89

Pathnames for Land Use Data
(READ FRCM DSS FILE)

List the pathnames for the land use data below, if it will be read from a DSS file
(i.e. DSSFL is specified above).

IE ; Element number
PATH ; Pathname corresponding to urban area at element IE

IE PATH

FAOQOQOO0O00000a0
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83.89.c Population Data File

This file lists urban population. Urban land in each element is associated with a data
column in this file through pointers specified in the Urban Main File.
The following variables are listed in this file:
NCOLPOP Number of population data columns
NSPPOP Number of time steps to update the population data; enter
any number if time-tracking option is on
NFQPOP Repetition frequency of the population data; a value of zero
indicates that a full time series data set is supplied; if time
tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Population Data File
If the time series data is listed in the Population Data File, then the following
variables need to be populated. Otherwise, these variables should be commented

» « » «“x»

out using “C”, “c” or “*”, and the variables in the “Data Input from DSS File” section
below should be populated.
ITPOP Time. For time tracking simulations use
MM/DD/YYYY hh:mm format, for non-time tracking

simulations enter an integer number.

POPUL Population; [people]
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
I Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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POPULATION DATA FILE
Root Zone Component
*** Version 4.0 ***

Project: 1IDC Version ### Release
California Department of Water Resources
Filename: Population.dat

ek ek ok ok e ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

File Description

This data file contains a set of population data on a time-series basis

Sk ok ok ok kR ok ok ok kR ok ok R kR Rk ok R kR Rk ok Rk Rk ok R Rk Rk kR Rk ko kR Rk ko kR Rk ok ko ko ko ok k ok

Population Data Specifications

NCOLPOP; Number of population data columns
NSPPOP ; Number of time steps to update the population data
* Enter any number if time-tracking option is on
NFQPOP ; Repetition frequency of the population data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input (maximum 50 characters);
* Leave blank if DSS file is not used for data input

oo aoacooooaao0aoaaan

VALUE DESCRIPTION
1 / NCOLPOP
1 / NSPPOP
0 / NFQPQP
/ DSSFL

C

o] Population Data

C (READ FRCM THIS FILE)

C

C List the population data below, if it will not be read from a

(o) DSS file (i.e. DSSFL is left blank above).

[}

o} ITPOP; Time

[o} POPUL; Population; [Peoplel

C

C

C ITPOP POPUL (1) POPUL(2) POPUL(3)

[

12/31/2500_24:00 100000

*

C

C Pathnames for Population Data

Cc (READ FRCM DSS FILE)

C

(o} List the pathnames for the population data below, if it will be read

C from a DSS file (i.e. DSSFL is specified above).

C

Cc I ; Pathname number

[+ PATH ; Pathname for the time series record

c

C

c I PATH

C

*

*
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83.89.d Per Capita Water Use Data File

Time series per-capita water use rates are listed in this file. The urban areas at each
element are associated with a data column in this file through pointers specified in
the Urban Lands Main File.
The following variables are used in this file:
NCOLWU Number of per capita water use data columns
FACTWU Conversion factor for the spatial component of the per capita
water use data
NSPWU Number of time steps to update the per capita water use data;
enter any number if time-tracking option is on
NFQWU Repetition frequency of the per capita water use data; a value
of zero indicates that a full time series data set is supplied; if
time tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Per Capita Water Use Data File
If the time series data is listed in the Per Capita Water Use Data File, then the
following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
ITWU Time. For time tracking simulations use
MM/DD/YYYY_hh:mm format, for non-time tracking

simulations enter an integer number.

wuU Per capita water use; [(L3/T)/person]
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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PER CAPITA WATER USE DATA FILE
Root Zone Component
*¥¥% Version 4.0 ***

Project: IDC Version #it# Release
California Department of Water Resources
Filename: WaterUse.dat

ok ok ok ok ok ok ok ok ok ok ok ke ok ok ok ok ok K ok ok ok ok ko ok ke ok ko ok ko ke ok ko kb ke ok ko ke ok ke ok ke ke ok ke ok ok ok ke ok ke ok ke ek ke ko

File Description

This data file contains a set of per capita water use data on a time-series
basis. Water use includes both indoors (M&I) and outdoors water.

e e ke ok ok ke ok ok o ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke ke ek o

Per Capita Water Use Data Specifications

NCOLWU ; Number of water use data columns
FACTWU ; Conversion factor for the water use data
It is used to convert only the spatial component of the unit;
DO NOT include the conversion factor for time component of the unit.
* e@.g. Unit of flow listed in this file = AC-FT/MONTH
Consistent unit used in simulation = CU.FT/DAY
Enter FACTWU (AC-FT/MONTH -> CU.FT/MONTH) = 43560.0
(conversion of MONTH -> DAY is performed automatically
NSPWU ; Number of time steps to update the water use data
* Enter any number if time-tracking option is on
NFQWU ; Repetition frequency of the water use data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input (maximum 50 characters):;
* Leave blank if DSS file is not used for data input

o XeEeEeNsRe s Rz e XeRe Nz RN R Re Ko Koo Re e s Re K Re Ko Ee e R R ReRs Re N e K X2 Ke

VALUE DESCRIPTION
4 / NCOLWU
43560.0 / FACTWU (ac.ft. -> cu.ft.)
1 / NSPWU
0 / NFQWU
/ DSSFL

O =

o] Per Capita Water Use Data

C (READ FROM THIS FILE)

C

C List the per capita water use data below, if it will not be read from a

C DSS file (i.e. DSSFL is left blank abowve).

C

C ITWU; Time

C WU Per capita water use; [L*3/T/PERSON]

<

S,

C ITWU WU(l) WU(2) WU(3) ...

T
01/31/4000_24:00 0.0014%28 0.0013725 0.0000844 0.0059222
02/29/4000_24:00 0.0014928 0.0013725 0.0000844 0.005%222
03/31/4000_24:00 0.0018247 0.0016776 0.0001032 0.0072382
04/30/4000_24:00 0.0028199 0.0025926 0.0001595 0.0111864
05/31/4000_24:00 0.00364%2 0.,0033551 0.0002064 0.0144765
06/30/4000_24:00 0.0041468 0.0038126 0.0002346 0.0164505
07/31/4000_24:00 0.0046444 0.0042701 0.0002627 0.0184246
08/31/4000_24:00 0.0043127 0.0039651 0.0002440 0.0171086
09/30/4000_24:00 0.0034834 0.0032026 0.0001970 0.0138185
10/31/4000_24:00 0.0021564 0.001982¢6 0.0001220 0.0085543
11/30/4000_24:00 0.0016587 0.0015250 0.0000938 0.0065802
12/31/4000_24:00 0.0014928 0.0013725 0.0000844 0.0059222

C ________________________

c Pathnames for Per Capita Water Use Data

< (READ FROM DsSs FILE)

C

C List the pathnames for the per capita water use data below, if it will be read

C from a DSS file (i.e. DSSFL is specified above).

C

C REC ; Time series record number

[ PATH ; Pathname for the time series record

c

C ________________________

< REC PATH

S,

%

*
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8.3.89.e Urban Water Use Specifications Data File

Time series urban water use specifications in terms of the fraction of indoor water
use to total urban water use are listed in this file. The urban areas at each element are
associated with a data column in this file through pointers specified in the Urban
Lands Main File.
The following variables are used in this file:
NURBSP Number of urban water use specifications data columns
NSPURBSP Number of time steps to update the urban water use
specifications data; enter any number if time-tracking option
ison
NFQURBSP  Repetition frequency of the urban water use specifications
data; a value of zero indicates that a full time series data set is
supplied; if time tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Urban Water Use Specifications Data File
If the time series data is listed in the Urban Water Use Specifications Data File, then
the following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
ITUSP Time. For time tracking simulations use
MM/DD/YYYY_hh:mm format, for non-time tracking

simulations enter an integer number.

URINDR Fraction of total urban water that is used indoors
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval

IWFM Demand Calculator, IDC-2015



IWFM Demand Calculator
IDC-2015

Running IDC

e
c
C INTEGRATED WATER FLOW MODEL (IWEM)

Chdhhdhhk ke k ke k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kkkkkkkkkkkkkkkkkkk ok

URBAN WATER USAGE SPECIFICATION DATA FILE
Root Zone Component
**% YVersion 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: UrbanSpecs.dat

Gk ko k ok ok kk ok ok k ok ok k ok k ok k ok ok k ok k ok ok kk ok ok k ok k ok ok k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok K K

File Description

This data file contains a set of urban water usage specification data as the
fraction of total urban water that is used indoors.

S s e e o e ok e s e ok ok e ok ok s ok ok o ok ok ok s ok ok ok sk ok ok s ok ok ok ks ke ok ok ok ok ok ok ok o o o

Urban Water Use Data Specifications

NURBSP ; Number of urban water use specifications data columns
NSPURBSP ; Number of time steps to update the urban water use specification data
* Enter any number if time-tracking option is on
NFQURBSP ; Repitition frequency of the urban water use sepcification data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL H The name of the DsSsS file for data input (maximum 50 characters):
* Leave blank if DSS file is not used for data input

VALUE DESCRIPTION
1 / NURBSP

1 / NSPURBSP

0 / NFQURBSP
/ DSSFL

aoaoaaoaoaoaoaoooaoaoaoagaoaoooaaoaagaoaoooaaoaaan

Urban Water Use Data
(READ FROM THIS FILE)

List the urban water use data below, if it will not be read from
a DSS file (i.e. DSSFL is left blank above).

ITUSP ; Time
URINDR; Fraction of total urban water that is used indoors

ITUSP URINDR[1] TURINDR[2] TURINDRI[3] ..

aaooaoaoaoaooaooaan

10/31/4000_24:00 0
11/30/4000_24:00 0.
12/31/4000_24:00 0
01/31/4000_24:00 1
02/29/4000_24:00 1.
03/31/4000_24:00 0.
04/30/4000_24:00 0
05/31/4000°24:00 0.4
06/30/4000_24:00
07/31/4000_24:00
08/31/4000_24:00
09/30/4000_24:00

Pathnames for Urban Water Use Data
{READ FROM DSS FILE)

List the pathnames for urban water use data below, if it will be read
from a D35S file (i.e. DSSFL is specified above).

REC ; Time series record number
PATH ; Pathname for the time series record

0o aaaaa

#
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8.3.8.10. Native and Riparian Vegetation Component Files

8.3.8.10.a Native and Riparian Vegetation Lands Main File

The Native and Riparian Vegetation Lands Main File is the gateway file for all data
that is necessary to simulate land surface and root zone flow processes in areas that
are covered with native and riparian vegetation.

The file is divided into several sections and uses the following variables:

Land-Use Areas
The filename for the native and riparian areas data file is listed in this section:
LUFLNVRV File that lists the urban areas (maximum 1000 characters)

Rooting Depths
FACT Conversion factor for native and riparian vegetation root zone
depths
ROOTNV Root zone depth for native vegetation; [L]
ROOTRV Root zone depth for riparian vegetation; [L]

Native and Riparian Vegetation Simulation Parameters
IE Element identification number entered sequentially; enter 0 if

the following values are to be used for all elements

CNNV Curve number for native vegetation lands
CNRV Curve number for riparian vegetation lands
ICETNV Native vegetation evapotranspiration rate; this number

corresponds to the appropriate data column in the

Evapotranspiration File listed in the IDC Main Input File
ICETRV Riparian vegetation evapotranspiration rate; this number

corresponds to the appropriate data column in the

Evapotranspiration File listed in the IDC Main Input File

Initial Soil Moisture Conditions
The initial soil moisture contents for native and riparian vegetation at each element
are listed in this section.

1IE Element identification number; enter 0 if following values are

to be used for all elements

152 | IWFM Demand Calculator, IDC-2015



SOILM_NV

SOILM_RV

IWFM Demand Calculator
IDC-2015

Running IDC

Initial root zone moisture content for native vegetation at
element IE; [L/L]

Initial root zone moisture content for riparian vegetation at
element IE; [L/L]
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(IWFM)

NATIVE AND RIPARIAN VEGETATION DATA FILE
Root Zone Component
*** Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: NVRV MAIN.dat

hkkhkkkkhkkkkkhkhhhkhhhkhhkhhkhhdhhhhdhdhhhhdhhhhhhkdhhkhdkkkkhkkkkhkkkkkhdkdkhhkhhdhdhhddddh
File Description

This data file contains the parameters and data file names for the simulation
of root zone processes for native and riparian vegetation.

hhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhh bbb bbb hhhhhhdh b hdkhhhdkh ko kkkkkkkk ok kb hhhh
Land Use Areas

LUFLNVRV ; File that lists the land use areas (max. 1000 characters)

aaoaooooOoaaoaoooaoaoaaooaonaaa

RootZone\NVRVANVRVArea.dat / LUFLNVRV

R R R s

154 |

C Rooting Depths
C
C FACT ; Conversion factor for root zone depths
[od ROOTNV; Native veg. root zone depth; [L]
C ROOTRV; Riparian veg. root zone depth; [L]
C
c _— _—
C VALUE DESCRIPTION
c I e
1.0 / FACT
3.0 / ROOTNV
3.0 / ROOTNV
C*******************-**-***-*******************************************************
C Native and Riparian Vegetation Root Zone Simulation Parameters
C
C IE ; Element ID (0 if following wvalues are to be used for all elements)
c CNNV ; Curve number for native vegetation lands
C CNRV ; Curve number for riparian vegetation lands
C ICETNV ; Native vegetation ETc¢ - this number corresponds to the appropriate
C data column in the ET data file listed in the Main Control Data file.
C ICETRV ; Riparian vegetation ETc - this number corresponds to the appropriate
C data column in the ET data file listed in the Main Control Data file.
C
c - -
C IE CHNNV CNRV ICETNV ICETRV
C R R
1 71 71 21 22
2 71 71 21 22
3 58 58 21 22
221 71 71 21 22
222 58 58 21 22
223 58 58 21

Chkkkkkkkkkk kAR KKK

e sk e ke sk ko ke ke ok ke ok ok ko sk sk ke ok sk sk ok sk sk sk s sk ok R Sk Sk Kk R kR Kk e ok sk e sk ok

C Initial Scil Meoisture Condition
C For Native and Riparian Vegetation Areas
C
C Element ID (0 if following values are to be used for all elements)
C Initial root zone moisture content for native vegetation area; [L/L]
C Initial root zone moisture content for riparian vegetation area; [L/L]
(o
C —_— —-_—
C IE SOILM NV SOILM RV
C —-_— -_—
1 0.1370 0.1370
2 0.1571 0.1571
3 0.1053 0.1053
221 0.0485 0.0485
222 0.2322 0.2322
223 0.1210 0.1210
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8.3.8.10.b Native and Riparian Vegetation Area Data File

Areas of native and riparian vegetation at every element are listed in this file:

FACTLNVRV  Conversion factor for land use areas; enter 0.0 if land use
distribution is given as a fraction of element area

NSPLNVRV ~ Number of time steps to update the land use data; enter any
number if time-tracking option is on

NFQLNVRV  Repetition frequency of the land use data; a value of zero
indicates that a full time series data set is supplied; if time
tracking simulation, enter any number

DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Native and Riparian Vegetation Area Data File

If the time series data is listed in the Native and Riparian Vegetation Area Data File,
then the following variables need to be populated. Otherwise, these variables should
be commented out using “C”, “c” or “*”, and the variables in the “Data Input from
DSS File” section below should be populated.

ITLN Time. For time tracking simulations use
MM/DD/YYYY_hh:mm format, for non-time tracking
simulations enter an integer number.

IE Element identification number

ALANDNYV Native vegetation area (or fraction of area) over element IE;
[L?] or [L?/L?] based on FACTLNVRYV above

ALANDRV Riparian vegetation area (or fraction of area) over element IE;

[L?] or [L?/1?] based on FACTLNVRYV above

Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
IE Element identification number
LUTYPE Land-use type entered sequentially (1 = native vegetation, 2 =
riparian vegetation)
PATH Pathname corresponding to element and land-use type
combination
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NATIVE AND RIPARIAN VEGETATION AREA FILE
Root Zone Component
**% Version 4.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: NVRVArea.dat

ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kR bk ok ko ok ok ek bk ko Rk R ok ko ok ok ok ok ok R

File Description

This data file contains the land use distributicon of native and riparian vegetation
for each element for the simulation period.

ok hhk ko k ko kk ek kkhk ok hk ko k ko kk ok hh ok ok h ok khk kA ok kA kh Ak kh kR h ok hhkk bk khkkkk ko ko kk ko k ok

Land Use Data Specifications

FACTLNVRV; Conversion factor for land use area
* Enter 0.0 if land use distribution is given as a fraction of element area
NSPLNVRV ; Number of time steps to update the land use data
* Enter any number if time-tracking option is on
NEFQLNVRV ; Repetition frequency of the land use data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input
* Leave blank if DSS file is not used for data input

NQOoCOO0NNNONaNNaOONQOQOOONQnQNanN

VALUE DESCRIPTION
10.763910417 / FACTLNNRV (sgq. m. -> sq. ft.
1 / NSPLNVRV
0 / NFQLNVRV
/ DSSFL

i e
o} Land Use Data
c (READ FROM THIS FILE)
o}
(o} List the land use data below, if it will not be read from a DSS file
c {i.e, DSSFL is left blank ahove}.
o}
C ITLN ; Time
C 1E H Element number
C ALANDNV; Native vegetation area (or fracticn of area) over an element;
Cc [L~2] or [L"~2/L"2] (based on FACTLNVRV above)
o} ALANDRV; Riparian vegetation area (or fraction of area) over an element;
C [L~2] or [L"2/L"2] (based on FACTLNVRV above)
C * Note: Areas over elements that are designated as lake elements
C will be ignored
c
c e ———————————
[o} ITLN IE ALANDNV ALANDRV
c- -
12/31/2500_24:00 1 964286.26 0.0001
2 2414291.17 0.0001
3 400223.27 0.0001
4 380287.64 0.0001
5 2113855.82 0.0001
219 1391742.52 0.0001
220 136979.26 0.0001
221 1080191.08 0,0001
222 0.00 0.0001
223 190938.21 0.0001

Pathnames for Land Use Data
(READ FROM DSS FILE}

List the pathnames for the land use data below, if it will be read from a DSS file
{i.e. DSSFL is specified above).

The pathnames should be listed for each element and native and riparian vegetation combinatiomn.
They should be listed in an order such that, the land use type changes first.

* Example:

IE LUTYPE PATH
1 1 (pathname[1]}
1 2 (pathname[2])
2 1 (pathname[3]}
2 2 (pathname[4]})
NE 1 (pathname[2*NE - 11)
NE 2 (pathname [2*NE])
IE ;  Element number
LUTYPE ; Land use type
1 = Native wveg.
2 = Riparian vegq.

PATH ; Pathname corresponding to element and land use type combination

1E LUTYPE PATH

[ X EeNeXoNoRoNoReNoNsRoNe NeNeNeNe o NoNoNoXoNaNoNoNo o NoNoNe Ne ool
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8.3.9. Input Files for Root Zone Component Version 4.01

All input files for the root zone component version 4.01 except the Root Zone
Component Main File are the same as those for the component version 4.0.
Therefore, only the Root Zone Component Main File for version 4.01 will be
explained in this section. For a detailed description of the other input files, please

refer to section 8.3.8.

8.3.9.1. Root Zone Component Main File

This file is exactly the same as that for the root zone component version 4.0, except
that it allows the specification of two additional filenames to print out cell-level Land
and Water Use as well as the Root Zone budget data. These output files are optional
and are generated as HDFS files. They can later be post-processed using the Z-
Budget post-processor to generate water budgets for “zones” which are groups of
cells defined by the user.

The following sections and variables are defined in the rest of this file:

Root Zone Simulation Scheme Control and Filenames
In this section convergence criteria for the iterative solution methodology and
names of additional input and output files are listed.

RZCONV Convergence criteria for iterative soil moisture accounting as

a fraction of total porosity; [L/L]

RZITERMX Maximum number of iterations for iterative soil moisture
accounting

FACTCN Conversion factor to convert inches to the simulation unit of
length

AGNPFL Filename for the Non-Ponded Crops Main File (maximum
1000 characters); leave blank if non-ponded crops are not
simulated

PFL Filename for the Ponded Crops Main File (maximum 1000
characters); leave blank if rice and/or refuge lands are not
simulated

URBFL Filename for the Urban Lands Main File (maximum 1000

characters); leave blank if urban lands are not simulated
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NVRVFL

RFFL

RUFL

IPFL

MSRCFL

AGWDFL

LWUBUDEFL

RZBUDFL

ZLWUBUDFL

ZRZBUDFL

FNSMFL

Filename for the Natural Lands Main File (maximum 1000
characters); leave blank if native and/or riparian vegetation
lands are not simulated

File that lists the return flow fractions (maximum 1000
characters); leave blank if only native and/or riparian
vegetation lands are simulated

File that lists the irrigation water re-use factors (maximum
1000 characters); leave blank if only native and/or riparian
vegetation lands are simulated

File that lists the irrigation periods for each ponded and non-
ponded crop (maximum 1000 characters); this is a required
tile even if ponded and non-ponded crops are not simulated
File that lists generic source of moisture rates other than
precipitation and irrigation (maximum 1000 characters);
leave blank if there are no generic sources of moisture
simulated

File that lists agricultural water supply requirement
(maximum 1000 characters); leave blank if agricultural water
supply requirement for all crops will be computed
dynamically

HDFS output file for subregional land and water use budget
(maximum 1000 characters); leave blank if this output is not
required

HDFS output file for subregional root zone moisture
(maximum 1000 characters); leave blank if this output is not
required

HDEFS output file for land and water use zone budget post-
processor (maximum 1000 characters); leave blank if this
output is not required

HDFS output file for root zone zone budget post-processor
(maximum 1000 characters); leave blank if this output is not
required

Output file for end-of-simulation soil moisture (maximum

1000 characters); leave blank if this output is not required
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Soil Parameters and Surface Flow Destinations
In this section soil parameters, precipitation rates, generic soil moisture sources (if

any) and surface runoff destinations are listed for each finite element.

FACTK Conversion factor for the spatial component of the root zone
hydraulic conductivity

TUNITK Time unit of root zone hydraulic conductivity this should be
one of the units recognized by HEC-DSS that are listed in the
IDC Main Input File

IE Element identification number

WP Wilting point; [L/L]

EC Field capacity; [L/L]

TN Total porosity; [L/L]

LAMBDA Pore size distribution index

K Saturated hydraulic conductivity; [L/T]

RHC Method to represent hydraulic conductivity versus moisture
content curve (1 = Campbell's equation, 2 = van Genucten-
Mualem equation)

IRNE Precipitation rate; this number corresponds to the
appropriate data column in the Precipitation File

FRNE Factor to convert rainfall at the precipitation data column
IRNE to rainfall at element IE

IMSRC Generic source of moisture; this number corresponds to the
appropriate data column in the Generic Moisture Source File
that applies to element IE (enter any number if the Generic
Moisture Source File, MSRCFL, is not defined)

TYPDEST Destination type for the surface flow from element IE (0 =
surface flow goes outside of model area, 1 = surface flow goes
to a stream node, 2 = surface flow goes to another element, 3
= surface flow goes to a lake, 4 = surface flow goes to a
subregion, S = surface flow recharges the groundwater)

DEST Destination identification number for the surface flow from

element IE; enter any number if surface flow from the element
goes outside the model area (TYPDEST = 0) or recharges the
groundwater (TYPDEST = §)
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KPonded Saturated hydraulic conductivity to be used for ponded crops
in the element (enter —1.0 if KPonded is the same as K);
[L/T]
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c INTEGRATED WATER FLOW MODEL (IWEM)
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ROOT ZONE PARAMETERS DATA FILE
Root Zone Component
***% Version 4.01 ***

Project: 1IDC Versicn ### Release
California Department of Water Resources
Filename: ROOTZONE_v401 MAIN.dat

B L O T T
File Description

This data file contains the parameters and data file names for the simulation
of root zone processes.

E kA ko k kA AR Ak h ko kA Ak h kA k kR kA A A kb kA kA dd ki khh kR AR A d Rk
Root Zone Simulation Scheme Control and File Names

RZCONV ; Convergence criteria for iterative soil moisture accounting as a
fraction of total porosity; [L/L]

RZITERMX ; Maximum number of iterations for iterative soil moisture accounting

FACTCN ¢ Conversion factor to convert inches to the simulation unit of length

* Leave blank if only native/riparian vegetation lands are simulated
IPFL ; File that lists the irrigation periods for each ponded and

non-ponded crop (max. 1000 characters)

* Leave blank if both ponded and non-ponded crops are not simulated

and irrigation (max. 1000 characters)
* Leave blank if there are no generic sources of moisture simulated

dynamically
LWUBUDFL : HDFS output file for land and water use budget at each
subregion (max. 1000 characters)
* Leave blank if this cutput is not required
RZBUDFL ; HDF5 output file for root zocne moisture budget at each
subregion (max. 1000 characters)
* Leave blank if this cutput is not required
ZLWUBUDFL; HDF5 output file for land and water use zone budget
post-processor (max. 1000 characters)
* Leave blank if this output is not required
ZRZBUDFL ; HDF5 output file for root zone zone budget
post-processor {(max. 1000 characters)
* Leave blank if this ocutput is not required
FNSMFL i output file for end-of-simulation soil moisture (max. 1000 characters)
* Leave blank if this output is not required

IWFM Demand Calculator
IDC-2015

AGNPFL Non-ponded agricultural crop data file (max. 1000 characters)

* Leave blank if non-ponded crops are not simulated
PFL ; Rice/refuge data file {max. 1000 characters)

* Leave blank if rice and/or refuge lands are not simulated
URBFL ; Urban lands data file {max. 1000 characters)

* Leave blank if urban lands are not simulated
NVRVEL } Native/riparian vegetation lands data file (max. 1000 characters)

* Leave blank if native and/or riparion weg. lands are not simulated
REFFL ; File that lists the return flow fractions (max. 1000 characters)

* Leave blank if only native/riparian vegetation lands are simulated
RUFL : File that lists the irrigation water re-use factors (max. 1000 characters)

MSRCFL ; File that lists generic source of moisture rates other than precipitation

AGWDFL !} File that lists agricultural water supply regquirement (max. 1000 characters)
* Leave blank if agricultural water supply requirement will be computed

aononoononanoaonanOoonancaoonanNonNanaoananNananNanannNnonanoanonnooaonan

Running IDC

VALUE DESCRIPTION
0.0001 / RZCONV
200 / RZITERMX
0.08333 / FACTCN (in -> ft)
RootZone\NonPondedAg\NonFondedAg.dat / AGNPFL
RootZone\PondedAg\PondedAq.dat / PFL
RootZone\Urban\Urban.dat / URBFL
RootZone\NVRVANVRV.dat / NVRVFL
RootZone\ReturnFlowFrac.dat / RFFL
RootZone\ReuseFrac.dat / RUFL
RootZone\IrrigPeriod.dat / IPFL

/ MSRCFL
RootZone\AgWaterDemand.dat / BGWDFL
Budget\LWU,hdf / LWUBUDFL
Budget\RZ.hdf / RZBUDFL
ZBudget\LWU ZBud.hdf / ZLWUBUDFL
ZBudget\RZ_ZBud. hdf / ZRZBUDFL

/ FNSMFL

ke h ok h ok ok ko kb ok ok k ok Rk ko ok ok ok ok ok ok ok ko ko bk ok ok ok ko ko ko k

Parameters for Scil, Precipitaticn and Runoff Destination
Enter conversion factors.

FACTK ; Conversion factor for root zone hydraulic conductivity
It is used to convert only the spatial component of the unit:
DO NOT include the conversion factor for time component of the unit.
* e.g. Unit of hydraulic conductivity listed in this file = FT/MONTH
Consistent unit used in simulation IN/DAY
Enter FACT (FT/MONTH -> IN/MONTH) = 8.33333E-02
{conversion of MONTH -> DAY is performed automatically)
TUNITK ; Time unit of root zone hydraulic conductiwity. This should be one of the
units recognized by HEC-DSS that are listed in the Main Control File.

VALUE DESCRIPTIQN

nonoaoonaonaaoanaana

0.283464
1day / TUNITK

/ FACTK (micrometers/sec -> ft/day)

grid element.

annaao

Enter soil parameters, precipitaion and surface flow destination data below for each
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KPondes;

Elamant LD
wilting point: [L/L]
Ficld capacity; [L/L]
Total porosity: [L/1]
Pore size distribution index; [dimensionless]|
Saturated hydraulic conductivity; [L/TI]
¥ethod to represent hydraulic conductivity vs. moisture content curve
1 = Campbell's eguation
2 = yan Genucten-Hualem equation
Precipitation fata column in the Precipitalion (ile that apolies Lo elemenl TE
Factor o convert rainfall at the precipitation data column to
rainfall at element I[E
Generic source of moisture data column in the Generic Moisture Source tile {(MSRCEL
file listed abowve! that applies to elemen:t IE
* Kole: Enter any number if MSRCFL sbove is left blank
Destination type for the surface flow from elemen: IE

¢ = surface flow goas osutside of model araa
1 = . - " Lo a stream node

2 it » x " another elemen:t
3= " . il " a lake

§= = b " " a subregion

5 " ! g " groundwater

Destination for the surface (low (rom element IE
* Note: Enter any numgver if TYPDEST is set to €@ or 5

saturated hydravlic conductivity to be used for ponded crops in the element: [L/T)
* Note: Enter =1.0 il KPonded is the same as K

c LE i
c wp :
c K .
¢ i}
€ LAMBIA ;
24 K H
¢ RHC H
54
c
C IRNE
C FRNE
€ IMSRC
<
[+ TYPDEST:
<
c
{4
o4 DREST i
c
p
I
:
c

KPonded

1.0E=-03
1.CE-03
1.CE=-02

1E WP T ™ IFMBDR K RHC IRNE FRNE IMSRC TYPDEST DEST
1 0.0C0C 0.137¢ 0.153¢C 0.378 5.CR-02 2 1 1.0 ¢ ¢ 3
2 0.0G00 0.1571 0.4640 0.242 5.1E101 4 1 1.0 G G 3
3 0.0000 0.1053 0.463¢ 0.252 5.CE-02 2 1 1.0 0 L] 3
220 0.0C00 0.1210 0.430¢ 0.223 5.CE=02 2 3 1.0 ¢ ¢ 3
221 0.000G 0.0585 0.453¢ 0.378 5.CE-02 2 3 1.0 [+ [} o
222 0.0C00 0,2322 0.501¢ 0.234 1.9F+01 2 | 1.0 ¢ 0 0
223 0.0Go0 0.1210 0.430C 0.223 5.CE-02 2 3 1.0 ¢ L+ 3
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8.3.10. Input Files for Root Zone Component Version 4.1

Most of the input data files required by the root zone component version 4.1 and the
parameters required to be specified are the same as those for root zone component
version 4.0. Therefore, only those input files that are different than the ones in
version 4.0 will be explained in this section. For a detailed description of the other

input files, please refer to section 8.3.8.

8.3.10.1. Root Zone Component Main File

Similar to the Root Zone Component Main File for version 4.0, this file includes the
convergence criteria for the iterative solution of the non-linear soil moisture mass
balance equation, names of additional input files that are used to simulate land
surface and root zone flow processes for agricultural, urban and natural lands, and
agricultural and urban water demands. Subregional Land and Water Use as well as
Subregional Root Zone Moisture Budget output filenames are also listed in this file.
Data to simulate root water uptake from groundwater and riparian vegetation access
to stream flows are also listed in this file. Soil properties at each grid cell and the
destination for the surface flow generated at each cell are listed in the last section of
the Root Zone Component Main File.

First data line of the Root Zone Component Main File lists the version number
(i.e.4.1) of the root zone component that will be used in simulating the land surface
and root zone flow processes. IDC first reads this data line to figure out what other
parameters will be read and what flow processes are to be simulated. This first line of
data entry must not be modified.

The following sections and variables are defined in the rest of this file:

Root Zone Simulation Scheme Control and Filenames
In this section convergence criteria for the iterative solution methodology and
names of additional input and output files are listed.
RZCONV Convergence criteria for iterative soil moisture accounting as
a fraction of total porosity; [L/L]
RZITERMX Maximum number of iterations for iterative soil moisture

accounting
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FACTCN

GWUPTK

AGNPFL

PFL

URBFL

NVRVFL

RFFL

RUFL

IPFL

MSRCFL

AGWDFL

Conversion factor to convert inches to the simulation unit of
length

Flag to turn on or off the root water uptake from groundwater
(0 = root water uptake from groundwater is NOT simulated;
1 = root water uptake from groundwater is simulated); this
flag is effective only when IDC is executed when linked to an
integrated hydrologic model such as IWFM

Filename for the Non-Ponded Crops Main File (maximum
1000 characters); leave blank if non-ponded crops are not
simulated

Filename for the Ponded Crops Main File (maximum 1000
characters); leave blank if rice and/or refuge lands are not
simulated

Filename for the Urban Lands Main File (maximum 1000
characters); leave blank if urban lands are not simulated
Filename for the Natural Lands Main File (maximum 1000
characters); leave blank if native and/or riparian vegetation
lands are not simulated

File that lists the return flow fractions (maximum 1000
characters); leave blank if only native and/or riparian
vegetation lands are simulated

File that lists the irrigation water re-use factors (maximum
1000 characters); leave blank if only native and/or riparian
vegetation lands are simulated

File that lists the irrigation periods for each ponded and non-
ponded crop (maximum 1000 characters); this is a required
file even if ponded and non-ponded crops are not simulated
File that lists generic source of moisture rates other than
precipitation and irrigation (maximum 1000 characters);
leave blank if there are no generic sources of moisture
simulated

File that lists agricultural water supply requirement
(maximum 1000 characters); leave blank if agricultural water
supply requirement for all crops will be computed

dynamically
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LWUBUDFL  HDFS output file for subregional land and water use budget

(maximum 1000 characters); leave blank if this output is not

required

RZBUDFL HDFS output file for subregional root zone moisture
(maximum 1000 characters); leave blank if this output is not
required

FNSMFL Output file for end-of-simulation soil moisture (maximum

1000 characters); leave blank if this output is not required

Soil Parameters and Surface Flow Destinations
In this section soil parameters, precipitation rates, generic soil moisture sources (if

any) and surface runoff destinations are listed for each finite element.

FACTK Conversion factor for the spatial component of the root zone
hydraulic conductivity

FACTCPRISE Conversion factor for capillary rise

TUNITK Time unit of root zone hydraulic conductivity this should be
one of the units recognized by HEC-DSS that are listed in the
IDC Main Input File

IE Element identification number

WP Wilting point; [L/L]

EC Field capacity; [L/L]

TN Total porosity; [L/L]

LAMBDA Pore size distribution index

K Saturated hydraulic conductivity; [L/T]

RHC Method to represent hydraulic conductivity versus moisture

content curve (1 = Campbell's equation, 2 = van Genucten-
Mualem equation)

CPRISE Capillary rise; [L]

IRNE Precipitation rate; this number corresponds to the

appropriate data column in the Precipitation File

FRNE Factor to convert rainfall at the precipitation data column
IRNE to rainfall at element IE
IMSRC Generic source of moisture; this number corresponds to the

appropriate data column in the Generic Moisture Source File
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TYPDEST

DEST

KPonded

that applies to element IE (enter any number if the Generic
Moisture Source File, MSRCFL, is not defined)

Destination type for the surface flow from element IE (0 =
surface flow goes outside of model area, 1 = surface flow goes
to a stream node, 2 = surface flow goes to another element, 3
= surface flow goes to a lake, 4 = surface flow goes to a
subregion, S = surface flow recharges the groundwater)
Destination identification number for the surface flow from
element IE; enter any number if surface flow from the element
goes outside the model area (TYPDEST = 0) or recharges the
groundwater (TYPDEST = §)

Saturated hydraulic conductivity to be used for ponded crops
in the element (enter —1.0 if KPonded is the same as K);
[L/T]
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Root Zone Component
*** Version 4.1 ***

Filename: ROOTZONE_MAIN.dat

File Description

of root zone processes.

RZITERMX

GRUPTK

dynamically

ROOT ZONE PARAMETERS DATA FILE

Project: IDC Version ### Release
California Department of Water Resources

R R R R LR T R R LT T TR T TR PR LT

This data file contains the parameters and data file names for the simulaticn

L L D T
Root Zone Simulation Scheme Control and File Names

RZCONV ; Convergence criteria for iterative soil moisture accounting as a
fraction of total poresity; [L/L]
; Maximum number of iterations for iterative soil moisture accounting
FACTCN i Conversion factor to convert inches to the simulation unit of length
; Flag to turn on or off the root water uptake from groundwater
0 = DO NOT allow root water uptake from groundwater
1 = Allow root water uptake from groundwater
AGNPFL i Non-ponded agricultural crop data file (max. 1000 characters}
* Leave blank if non-ponded crops are not simulated

PFL ; Rice/refuge data file (max. 1000 characters)
* Leave blank if rice and/or refuge lands are not simulated
URBFL ;i Urban lands data file (max. 1000 characters)
* Leave blank if urban lands are not simulated
NVRVFL ; MNative/riparian vegetation lands data file (max. 1000 characters)
* Leave blank if native and/or riparion veg. lands are not simulated
REFL ; File that lists the return flow fractions (max. 1000 characters)
* Leave blank if only native/riparian vegetation lands are simulated
RUFL ; File that lists the irrigation water re-use factors (max. 1000 characters)
* Leave blank if only native/riparian vegetation lands are simulated
IPFL ; File that lists the irrigation periods for each ponded and

nen-ponded crop {(max. 1000 characters)
* Leave blank if both ponded and non-ponded crops are not simunlated

MSRCFL ;i TFile that lists generic source of moisture rates other than precipitation
and irrigation (max. 1000 characters)
* Leave blank if there are no generic sources of moisture simulated

AGWDFL ; File that lists agricultural water supply requirement (max. 1000 characters)
* Leave blank if agricultural water supply requirement will be computed

LWUBUDFL ; HDF5 output file for land and water use budget at each
subregion (max. 1000 characters)
* Leave blank if this cutput is not required
RZBUDFL ; HDFS ocutput file for recot zone molsture budget at each
subregion (max. 1000 characters)
* Leave blank if this output is not required
FMNSMFL ;i Output file for end-of-simulation soil moisture (max. 1000 characters)
* Leave blank if this output is not required

anooaonNaonNooNoNaoNoaNanNNoaNoNNaoNanNnoNoNonacaNaNaanNooNoooonanan

VALUE DESCRIPTION
0.0001 / RZCONV
200 / RZITERMX
0.08333 / FACTCN
1 / GWUPTK
RootZone\NonPondedAg\NonPondedaqg .dat / RGNEFL
RootZone\PondedAgh\PondedAg. dat / PFL
ReotZone\Urban\Urban.dat / URBFL
RootZone\NVRV\NVRV .dat / NVRVFL
RootZone\ReturnFlowFrac.dat / RFFL
RootZone\ReuseFrac.dat / RUFL
RootZone\IrrigPeriod.dat / IPFL

/ MSRCFL
RootZone\AgWaterDemand.dat / RGWDFL
Budget\LWU.hdf / LWUBUDFL
Budget\RZ.hdf / RZBUDFL

/ FNSMFL

(kb e ke ok ok ke ok o stk e ok ke ok o ok ok ke ke ke ok ek ok kb ke

[of Parameters for Soil, Precipitation and Runcff Destinaticn
c
C  Enter conversion factors.
c
[+ FACTE ; Conversion factor for root zone hydraulic conductivity
c It is used to convert only the spatial component of the unit;
c DO NOT include the conversion factor for time component of the unit.
c * e.g. Unit of hydraulic conductivity listed in this file = IN/DAY
C Consistent unit used in simulation FT/MONTH
[ Enter FACT (IN/MONTH -> FT/MONTH) = 8.33333E-02
c (conversion of DAY -> MONTH is performed autcmatically)
C  FACTCERISE; Conversion factor for capillary rise
c TUNITK ; Time unit of rcot zeone hydraulic conductivity. This should be one of the
[of units recognized by HEC-DSS that are listed in the Main Contrecl File.
c
c
C VALUE DESCRIPTION
c
0.283464 / FACTK (micrometers/sec -> ft/day)
1.0 / FACTCPRISE
lday / TUNITK
C
c
[+ Enter se¢il parameters, precipitaion and surface flow destination data below for each
[o] grid element.
[+
c IE ; Element ID
c WP ; Wilting point: [L/L]

IWFM Demand Calculator, IDC-2015 | 167



IWFM Demand Calculator
IDC-2015

Running IDC

168

€ FC ; Field capacity; [L/L)

£ 1™ i Tolal porosity; (L/1L]

C LAMBDA ; Pore size distribution index; [dimensionless]

c K ; Saturated hydrauvlic conductivity; (L/T]

C BRHC } Method to represent hydraulic conductivity vs. moisture content curve

c 1 Campbell's cguation

o 2 = van Genucten-Mualem equalion

C CPRISE ; Capillary rise; |L]

LENE i Precipization data column in the Precipitation file that applies to element LE

¢ FRNE ; Factor to converl rainfall at the precipitation data column Lo

< rainfall at clement IE

[+ IMSRC ; Genaric aource of moistura data column in the Geanaric Moisture Source file (MSRCEL

c file listed above! that applies to elemen:t IE

o1 * Note: Enter any numter if MSRCFL above is lef:t zlank

€ TYPDEST; Destination Lype for the surface flow from element 1R

< g = Surtace tlow goes outside of model area

c L= L.d " Lo a stream node

c 2= » " " snother alement

< 3 " . " " alake

c 4 = vl = = " a subragion

c 5 = - - " " groungwater

€ DEST ; Destination for the surface flow from clement IE

< * Note: EnLer any number il TYPDEST is set to C or 5

c KPonded; Saturated hydraulic conductivity to be used for ponded crops in the element; [L/T]

c * Kote: Enter -1.0 if KPonded is the same as K

~

e e e e ; =

c 1E we c ™ LAMBDA K FRKE IMSRC  TYPDEST DEST  KPonded

PR el ST il = it L o
1 0.00 0,137 0.453  0.378 5.0E-02 2 1¢.0 1 1.¢ o ¢ 3 =1.0
2 0.0¢ 0.157 0,464 0,242 5.1F+01 2 1¢.¢ 1 1.0 (1] [ 1 =-1.0
3 0,06 0,105 0.463 0,252 5.CE-02 2 16.¢ 1 1.0 0 0 3 =1.0
220 0.00 0.121 0.430 0.223 5.08-02 2 16.¢ 3 1.¢ o ¢ 3 1.0E-03
221 0.0G 0.048 0.453 0.378 5.CE-0D2 2 1¢.G 3 1.¢ 0 G G 1.GE-D3
222 0.0C 0.232 0.501 0.234 1.9E+01 T} 1¢.¢ 3 1.¢ o ¢ ] 1.CE-D3
223 0,00 0,121 0.430 0,223 E.CE=02 2 1¢.0 3 1.¢ ] ¥ k] 1.CE=-03
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8.3.10.2. Native and Riparian Vegetation Component Files

8.3.10.2.a Native and Riparian Vegetation Lands Main File

The Native and Riparian Vegetation Lands Main File is the gateway file for all data
that is necessary to simulate land surface and root zone flow processes in areas that
are covered with native and riparian vegetation.

The file is divided into several sections and uses the following variables:

Land-Use Areas
The filename for the native and riparian areas data file is listed in this section:
LUFLNVRV File that lists the urban areas (maximum 1000 characters)

Rooting Depths
FACT Conversion factor for native and riparian vegetation root zone
depths
ROOTNV Root zone depth for native vegetation; [L]
ROOTRV Root zone depth for riparian vegetation; [L]

Native and Riparian Vegetation Simulation Parameters
IE Element identification number entered sequentially; enter 0 if

the following values are to be used for all elements

CNNV Curve number for native vegetation lands
CNRV Curve number for riparian vegetation lands
ICETNV Native vegetation evapotranspiration rate; this number

corresponds to the appropriate data column in the
Evapotranspiration File listed in the IDC Main Input File
ICETRV Riparian vegetation evapotranspiration rate; this number
corresponds to the appropriate data column in the
Evapotranspiration File listed in the IDC Main Input File
ISTRMRV Stream node at which water will be used to satisfy unmet
riparian evapotranspirative demand in element IE; enter 0 if
riparian vegetation in element IE has no access to a stream

node
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Initial Soil Moisture Conditions
The initial soil moisture contents for native and riparian vegetation at each element
are listed in this section.

1IE Element identification number; enter 0 if following values are

to be used for all elements

SOILM_NV Initial root zone moisture content for native vegetation at
element IE; [L/L]
SOILM_RV Initial root zone moisture content for riparian vegetation at

element IE; [L/L]
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C
C INTEGRATED WATER FLOW MQDEL {IWFM)
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NATIVE AND RIPARIAN VEGETATION DATA FILE
Root Zone Component
**% Version 4.1 ***

Project: 1IDC Version ### Release
California Department of Water Rescurces
Filename: NVRV_MAIN.dat

ok ok o ok ok ok sk ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok Sk ok ok ok ok Sk ok ok ok ok ke o ok S ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

File Description

This data file contains the parameters and data file names for the simulation
of root zone processes for native and riparian vegetation.

EE R R R RS SRR S LR R R R e ISRt
Land Use Areas

LUFLNVRV ; File that lists the land use areas {(max. 1000 characters)

OOoOO00O0000000000000000000

RootZone\NVRVANVRVArea.dat / LUFLNVRV

e o o o o o o ok o ok Sk Sk sk sk sk Sk s sk e ok sk s ko ko ke ok o e o o ok ok

Rooting Depths

FACT ; Conversion factor for root zcne depths
ROOTNV; Native wveg. root zone depth; [L]
ROOTRV; Riparian veg. root zone depth; [L]

VALUE DESCRIPTION

QOO0 000a0n

1.0 / FACT
3.0 / ROOTNV
3.0 / ROOTRV
ks ko ko ok ko ek ok ko ek ko ko ke ek ko ko ko ko ok ko ko k%
C Native and Riparian Vegetation Root Zone Simulation Parameters
<
C IiE ; Element ID (0 if following values are to be used for all elements)
C CNNV ;  Curve number for native vegetation lands
C CNRV ; Curve number for riparian vegetation lands
C ICETNV ; HNative vegetation ETc - this number cocrresponds te the appropriate
[ data column in the ET data file listed in the Main Control Data file.
C ICETRV ; Riparian wvegetation ETc - this number corresponds tc the appropriate
o} data column in the ET data file listed in the Main Control Data file.
C ISTRMRV ; Stream node at which water will he used to satisfy unmet riparain ET
C requirement in element IE
C * Enter 0 if riparian vegetaticn in element IE has no access to a
o stream node
(o)
C ________________________________________________________________________________
C IE CNNV CNRV ICETNV ICETRV ISTRMRV
C
1 71 71 21 22 23
2 71 71 21 22 23
3 58 58 21 22 a
221 71 71l 21 22 78
222 58 58 21 22 4}
223 58 58 21

[ R R T Y

C Initial Seoil Meisture Conditicon
o} For Native and Riparian Vegetation Areas
[
C IE H Element ID (0 if following values are tc be used for all elements)
C SOILM_NV; Initial root zone moisture content for native vegetation area; [L/L]
C SOILM RV; Initial root zone molsture content for riparian vegetation area; [L/L]
C
C
¢ IE SOILM NV SOILM RV
C
1 0.1370 0.1370
2 0.1571 0.1571
3 0.1053 0.1053
221 0.0485 0.0485
222 0.2322 0.2322
223 0.1210 0.1210
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8.3.11. Input Files for Root Zone Component Version 4.11

All input files for the root zone component version 4.11 except the Root Zone
Component Main File are the same as those for the component version 4.1.
Therefore, only the Root Zone Component Main File for version 4.11 will be
explained in this section. For a detailed description of the other input files, please

refer to section 8.3.10.

8.3.11.1. Root Zone Component Main File

This file is exactly the same as that for the root zone component version 4.1, except
that it allows the specification of two additional filenames to print out cell-level Land
and Water Use as well as the Root Zone budget data. These output files are optional
and are generated as HDFS files. They can later be post-processed using the Z-
Budget post-processor to generate water budgets for “zones” which are groups of
cells defined by the user.

The following sections and variables are defined in the rest of this file:

Root Zone Simulation Scheme Control and Filenames
In this section convergence criteria for the iterative solution methodology and
names of additional input and output files are listed.

RZCONV Convergence criteria for iterative soil moisture accounting as

a fraction of total porosity; [L/L]

RZITERMX Maximum number of iterations for iterative soil moisture
accounting

FACTCN Conversion factor to convert inches to the simulation unit of
length

GWUPTK Flag to turn on or off the root water uptake from groundwater

(0 = root water uptake from groundwater is NOT simulated;
1 = root water uptake from groundwater is simulated); this
flag is effective only when IDC is executed when linked to an
integrated hydrologic model such as IWFM

AGNPFL Filename for the Non-Ponded Crops Main File (maximum
1000 characters); leave blank if non-ponded crops are not

simulated
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PFL Filename for the Ponded Crops Main File (maximum 1000
characters); leave blank if rice and/or refuge lands are not
simulated
URBFL Filename for the Urban Lands Main File (maximum 1000
characters); leave blank if urban lands are not simulated
NVRVFL Filename for the Natural Lands Main File (maximum 1000

characters); leave blank if native and/or riparian vegetation
lands are not simulated

RFFL File that lists the return flow fractions (maximum 1000
characters); leave blank if only native and/or riparian
vegetation lands are simulated

RUFL File that lists the irrigation water re-use factors (maximum
1000 characters); leave blank if only native and/or riparian
vegetation lands are simulated

IPFL File that lists the irrigation periods for each ponded and non-
ponded crop (maximum 1000 characters); this is a required
file even if ponded and non-ponded crops are not simulated

MSRCFL File that lists generic source of moisture rates other than
precipitation and irrigation (maximum 1000 characters);
leave blank if there are no generic sources of moisture
simulated

AGWDEFL File that lists agricultural water supply requirement
(maximum 1000 characters); leave blank if agricultural water
supply requirement for all crops will be computed
dynamically

LWUBUDFL  HDFS output file for subregional land and water use budget
(maximum 1000 characters); leave blank if this output is not
required

RZBUDFL HDFS output file for subregional root zone moisture
(maximum 1000 characters); leave blank if this output is not
required

ZLWUBUDFL HDES output file for land and water use zone budget post-
processor (maximum 1000 characters); leave blank if this

output is not required
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ZRZBUDFL

FNSMFL

HDFS output file for root zone zone budget post-processor
(maximum 1000 characters); leave blank if this output is not
required

Output file for end-of-simulation soil moisture (maximum

1000 characters); leave blank if this output is not required

Soil Parameters and Surface Flow Destinations

In this section soil parameters, precipitation rates, generic soil moisture sources (if

any) and surface runoff destinations are listed for each finite element.

FACTK

FACTCPRISE

TUNITK

1IE

FC

TN

LAMBDA

K
RHC

CPRISE

IRNE

FRNE

IMSRC

TYPDEST

Conversion factor for the spatial component of the root zone
hydraulic conductivity

Conversion factor for capillary rise

Time unit of root zone hydraulic conductivity this should be
one of the units recognized by HEC-DSS that are listed in the
IDC Main Input File

Element identification number

Wilting point; [L/L]

Field capacity; [L/L]

Total porosity; [L/L]

Pore size distribution index

Saturated hydraulic conductivity; [L/T]

Method to represent hydraulic conductivity versus moisture
content curve (1 = Campbell's equation, 2 = van Genucten-
Mualem equation)

Capillary rise; [L]

Precipitation rate; this number corresponds to the
appropriate data column in the Precipitation File

Factor to convert rainfall at the precipitation data column
IRNE to rainfall at element IE

Generic source of moisture; this number corresponds to the
appropriate data column in the Generic Moisture Source File
that applies to element IE (enter any number if the Generic
Moisture Source File, MSRCFL, is not defined)

Destination type for the surface flow from element IE (0 =

surface flow goes outside of model area, 1 = surface flow goes
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to a stream node, 2 = surface flow goes to another element, 3
= surface flow goes to a lake, 4 = surface flow goes to a
subregion, S = surface flow recharges the groundwater)

DEST Destination identification number for the surface flow from
element IE; enter any number if surface flow from the element
goes outside the model area (TYPDEST = 0) or recharges the
groundwater (TYPDEST = §)

KPonded Saturated hydraulic conductivity to be used for ponded crops
in the element (enter —1.0 if KPonded is the same as K);
[L/T]
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#4.11
C*** DO NOT DELETE ABQVE LINE ***

o R R R Lt T R S st S eSS e T TNy

[o}
C INTEGRATED WATER FLOW MODEL (IWFM)

[o}
(ko oh ok ko ok ko ok ok ko ok ok ko ok ok ko oh ok ok ok ok ok skok ko ko ko ok

ROOT ZONE PARAMETERS DATA FILE
Root Zone Component
*%* YVersion 4.11 **+*

Project: IDC Version ### Release
California Department of Water Resources
Filename: ROCTZONE_vd41l_MAIN.dat

e

File Description

This data file contains the parameters and data file names for the simulaticn
of root zone processes.

e L I T
Root Zone Simulation Scheme Control and File Names

RZCONV } Convergence criteria for iterative soil moisture accounting as a
fraction of total porosity; [L/L]
RZITERMX ; Maximum number of iteraticns for iterative soil moisture accounting
FRCTCHN ; Conversion factor to convert inches to the simulation unit of length
GWUPTE ; Flag to turn on or off the root water uptake from groundwater
0 = DO NOT allow root water uptake from groundwater
1 = BRllow root water uptake from groundwater
AGNFFL } Non-ponded agricultural crop data file (max. 1000 characters)
* Leave blank if non-ponded crops are not simulated
PFL ; Rice/refuge data file (max. 1000 characters)
* Leave blank if rice and/or refuge lands are not simulated
URBFL ; Urban lands data file (max. 1000 characters)
* Leave blank if urban lands are not simulated
NVRVFL } Native/riparian vegetation lands data file (max. 1000 characters)
* Leave blank if native and/or riparion veg. lands are not simulated
RFFL ; File that lists the return flow fractions (max. 1000 characters)
* Leave blank if only native/riparian vegetation lands are simulated

* Leave blank if only native/riparian vegetation lands are simulated
IPFL } File that lists the irrigation periods for each ponded and

non-ponded crop {max. 1000 characters)

* Leave blank if both ponded and non-ponded crops are not simulated

and irrigation (max. 1000 characters)
* Leave blank if there are no generic sources of moisture simulated

* Leave blank if agricultural water supply requirement will be computed
dynamically
LWUBUDFL ; HDFS5 output file for land and water use budget at each
subregion (max. 1000 characters)
* Leave blank if this output is not required
RZBUDFL ; HDFS5 output file for root zone moisture budget at each
subregion {max. 1000 characters)
* Leave blank if this output is not required
ZLWUBUDFL; HDF5 output file for land and water use zone budget
post-processor (max. 1000 characters)
* Leave blank if this output is not required
ZRZBUDFL ; HDF5 output file for root zone zone budget
post-processor (max. 1000 characters)
* Leave blank if this output is not required
FNSMFL # Output file for end-of-simulation soil moisture (max. 1000 characters)
* Leave blank if this output is not required

RUFL } File that lists the irrigation water re-use factors (max. 1000 characters}

MSRCFL ; File that lists generic source of moisture rates other than precipitation

AGWDFL ; File that lists agricultural water supply requirement {max. 1000 characters)

ONONOoNONOoNaNOaNONOONONONoNNONNONanNNNONONaNNaNaNANNONaNaQNanNannn

VALUE DESCRIPTION
0.0001 / RZCONV
200 / RZITERMX
0.08333 / FACTCN
1 / GWUPTK
RootZone\NonPondedAg\NonPondedhq. dat / AGNPFL
RoctZone\PondedAg\Pondedhg.dat / PFL
RootZone\Urban\Urban.dat / URBFL
RoctZone \NVRV\NVRV . dat / NVRVFL
RootZone\ReturnFlowFrac.dat / BRFFL
RootZone\ReuseFrac,dat / RUFL
RootZone\IrrigPeriod.dat / IPFL

/ MSRCFL
RootZone\AgWaterDemand.dat / AGWDFL
Budget\LWU.hdf / LWUBUDFL
Budget\RZ.hdf / RZBUDFL
ZBudget\LWU_ZBud.hdf / ZLWUBUDFL
ZBudget\RZ_ZBud.hdf / ZRZBUDFL

/ FNSMFL

ok oh ok ok ok ko kR k kb ko ok ok kR ok kA k ok ok k ko kR kA Rk ok kR Rk k kA kR Ak

Parameters for Soil, Precipitation and Runoff Destination
Enter conversion factors.

FACTK : Conversion factor for root zone hydraulic conductivity
It is used to convert only the spatial component of the unit:
DC NOT include the conversion factor for time component of the unit.
* e.g. Unit of hydraulic conductivity listed in this file = IN/DAY
Consistent unit used in simulation FT/MONTH

(conversion of DAY -> MONTH is performed automatically)
FACTCPRISE: Conversion factor for capillary rise

units recognized by HEC-DSS that are listed in the Main Control File.

Enter FACT (IN/MONTH -> FT/MONTH) = 8,33333E-02

TUNITK ; Time unit of root zone hydraulic conductiwvity. This should be one of the

VALUE DESCRIPTION

nonoaocoQaonNaaa0anaa

0.283464 / FRCTK {micrometers/sec -> ft/day)

1.0 / FACTCPRISE
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43 ; FElement TD
WE i Wilting point: [L/LJ
FC ; Field capacity; [L/L]
™ : Tolal porosity;
LAMBDA ; Pore size dist ribur_ion index; [dimensionless)
3 ; Saturated hydraulic conductivity; [L/T]
RHC ; Method to represent hydraulic conductivity vs. moisture content curve
1 = Campbell's eguation
2 = van Genucten-Muslem equalion
CPRISE ; Capillary rise; [L]
LRRE  ; Precipization data column in the Precipitation file that applies o element LE
FRNE 7 Facior to converl rainfall sl Lhe precizitation dals column Lo
rainfall at eclement [E
IMSRC ; Genaric source of moisture data column in the Genaric Molsture Source file (MSRCEL
file listed akove) that applies to elemen: IE
¢ Note: Enter any number if MSRCFL above is left blank
TYPDEST: Destination Lype for the surface (low from element TR
o= Surtace uow goes outside of model area
1= " to a stream nodae
2= . . e " anoLher element
3 * . i " a lake
4 = o . " " a subregion
Bom N = " " groundwater
DEST ; Destination for the surface flow from clement IE
* Nole: Enter any numper il TYPDEST is set 1o € or §
KPonded; Saturated hydraulic conductivity to be used for ponded crops in the element: [L/T]
* Nota: Enter -1.0 if KPonded is the same as K
1E We eC ™ LrMEDA K RHC CPRIBE 1RNE FRKE IMBRT TYPDEST DEST
1 0.0Q 0.137 0.453 0.378 5.CE-02 2 1¢.0 1 1.¢ o G k]
2 0,00 0.157 0,464 0,242 5.1E+01 2 1¢.0 1 1.¢ 0 [ 1
3 0.00 0.16% 0.463  0.252 5.CE-02 2 16.¢ 1 1.¢ 0 ¢ 3
220 0.00 0.121  0.430 0.223 S.Ce-02 2 16.¢ 3 1.0 ] ¢ 3 1.CE-03
221 0.0Q 0,048 0,453 0,378 5.CE-02 2 16.0 3 1.¢ 0 G G 1.CE-02
222 0.0¢ 0.232 0.5C1 0.234 L.SE+01 8 1¢.¢ 3 1.¢ o [+ c 1.CE-03
223 0,00 0.1 0,430  0.223 S5.CR-02 2 1¢.¢ 3 1.0 ] [ a 1.CR-021
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8.3.12. Input Files for Root Zone Component Version 5.0

Root zone component version 5.0 simulates root zone flow processes for each land-
use and soil type combinations for user-defined number of soil types. Additionally,
agricultural water demand and agricultural root zone flow processes are calculated
for an average crop over each soil type defined by the user. The average agricultural
crop characteristics are calculated with respect to the area of each crop in a
subregion. In other words, it is assumed that each model subregion has a different
average crop with different crop characteristics. The following sections describe the

input files used for the root zone component version 5.0.

8.3.12.1. Root Zone Component Main File

The Root Zone Component Main File includes the convergence criteria for the
iterative solution of the non-linear soil moisture mass balance equation, names of
additional input files that are used to simulate land surface and root zone flow
processes for agricultural, urban and natural lands, and agricultural and urban water
demands. Subregional and cell-level Land and Water Use as well as the Root Zone
Moisture budget output filenames are also listed in this file. Number of soil types
that are simulated, soil parameters for the soil types at each subregion and a list of
grid cells specifying the soil type that each cell belongs to and the destination of
surface runoff from each cell are included in this file.

First data line of the Root Zone Component Main File lists the version number
(i.e. 5.0) of the root zone component that will be used in simulating the land surface
and root zone flow processes. IDC first reads this data line to figure out what other
parameters will be read and what flow processes are to be simulated. This first line of
data entry must not be modified.

The following sections and variables are defined in the rest of this file:

Root Zone Simulation Scheme Control and Filenames
In this section convergence criteria for the iterative solution methodology and
names of additional input and output files are listed.

RZCONV Convergence criteria for iterative soil moisture accounting as

a fraction of total porosity; [L/L]
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RZITERMX Maximum number of iterations for iterative soil moisture
accounting
NSOIL Number of simulated soil types
FACTCN Conversion factor to convert inches to the simulation unit of
length
AGFL Filename for the agricultural Lands Main File (maximum

1000 characters); leave blank if non-ponded crops are not

simulated
URBFL Filename for the Urban Lands Main File (maximum 1000
characters); leave blank if urban lands are not simulated
NVRVEFL Filename for the Natural Lands Main File (maximum 1000

characters); leave blank if native and/or riparian vegetation
lands are not simulated

RFFL File that lists the return flow fractions (maximum 1000
characters); leave blank if only native and/or riparian
vegetation lands are simulated

RUFL File that lists the irrigation water re-use factors (maximum
1000 characters); leave blank if only native and/or riparian
vegetation lands are simulated

MSRCFL File that lists generic source of moisture rates other than
precipitation and irrigation (maximum 1000 characters);
leave blank if there are no generic sources of moisture
simulated

LWUBUDFL  HDFS output file for subregional land and water use budget
(maximum 1000 characters); leave blank if this output is not
required

RZBUDFL HDFS output file for subregional root zone moisture
(maximum 1000 characters); leave blank if this output is not
required

ZLWUBUDFL HDES output file for land and water use zone budget post-
processor (maximum 1000 characters); eave blank if this
output is not required

ZRZBUDFL HDFEFS output file for root zone zone budget post-processor
(maximum 1000 characters); leave blank if this output is not

required
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FNSMFL

Soil Parameters

Output file for end-of-simulation soil moisture (maximum

1000 characters); leave blank if this output is not required

In this section soil parameters and generic soil moisture sources (if any) are listed

for each subregion and soil type combination.

FACTK

TUNITK

IR

FC

TN
LAMBDA
K

RHC

IMSRC

Conversion factor for the spatial component of the root zone
hydraulic conductivity

Time unit of root zone hydraulic conductivity; this should be
one of the units recognized by HEC-DSS that are listed in the
IDC Main Input File

Subregion identification number

Wilting point; [L/L]

Field capacity; [L/L]

Total porosity; [L/L]

Pore size distribution index

Saturated hydraulic conductivity; [L/T]

Method to represent hydraulic conductivity versus moisture
content curve ( 1= Campbell's equation, 2 = van Genucten-
Mualem equation)

Generic source of moisture; this number corresponds to the
appropriate data column in the Generic Moisture Source File
that applies to element IE (enter any number if the Generic
Moisture Source File, MSRCFL, is not defined)

Element Soil Type, Precipitation and Flow Destination Characteristics

This section lists the soil type at each element, precipitation rate and the surface

flow destination for each element.

1IE
ISLID
IRNE

FRNE

Element identification number

Soil type at element IE

Precipitation rate; this number corresponds to the
appropriate data column in the Precipitation File

Factor to convert rainfall at the precipitation data column
IRNE to rainfall at element IE
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Destination type for the surface flow from element IE (0 =
surface flow goes outside of model area, 1 = surface flow goes
to a stream node, 3 = surface flow goes to a lake, 4 = surface
flow goes to a subregion, 5 = surface flow recharges the
groundwater)

Destination identification number for the surface flow from
element IE; enter any number if surface flow from the element
goes outside the model area (TYPDEST = 0) or recharges the
groundwater (TYPDEST = §)

IWFM Demand Calculator, IDC-2015 | 181



IWFM Demand Calculator
IDC-2015

Running IDC

#5.0
C*** DO NOT DELETE ABCVE LINE ***

DRkt ok s Sk ko ke R kR kR Rk R R KRR R kA kR kR ARk Ak

c
o4 INTEGRATED WATER FLCW MODEL (IWFM)

Cokdk ok bk kot kkd ok kk ok ke k ok k kA Ak d ok k kA kb ke ok ko kb ok k bk kR k kKRR kA k ko

ROOT ZONE PARAMETERS DATA FILE
Root Zone Component
*** Version 5.0 ***

Project: IDC Version ### Release
California Department of Water Resources
Filename: ROOTZONE_v50_MAIN.dat

et oo ko etttk ek sk ok o e
File Description

This data file contains the parameters and data file names for the simulation
of root zone processes.

B R d L R R Rl R T S L h S e R TR Ty

Root Zone Simulation Scheme Control and File Names

RZCONV ; Convergence criteria for iterative soil moisture accounting as a
fraction of total porosity; [L/L]
RZITERMX ; Maximum number of iterations for iterative soil moisture accounting
NSOIL ; MNumber of simulated soil types
FACTCN Conversion factor to convert inches to the simulaticon unit of length
AGFL Agricultural lands data file (max. 1000 characters)
* Leave blank if agricultural lands are not simulated
URBFL ; Urban lands data file (max. 1000 characters)
* Leave blank if urban lands are not simulated
NVRVFL ; MNative/riparian vegetation lands data file (max. 1000 characters})
* Leave blank if native and/or riparion veg. lands are not simulated

RFFL ; File that lists the return flow fractions (max. 1000 characters)
* Leave blank if only native/riparian wvegetation lands are simulated
RUFL } File that lists the irrigation water re-use factors (max. 1000 characters)

* Leave blank if only native/riparian vegetation lands are simulated
MSRCFL } File that lists generic source of molsture rates other than precipitation
and irrigation (max. 1000 characters)
* Leave blank if there are no generic sources of moisture simulated
LWUBUDFL ; HDF5 output file for land and water use budget at each
subregion (max. 1000 characters)
* Leave blank if this output is not required
RZBUDFL ; HDFS5 output file for root zone moisture budget at each
subregion {max. 1000 characters)
* Leave blank if this output is not required
ZLWUBUDFL; HDFS ocutput file for land and water use zone budget
post-processor (max. 1000 characters)
* Leave blank if this output i= not required
ZRZBUDFL ; HDFS output file for root zone zone budget
post-processor (max. 1000 characters)
* Leave blank if this output is not required
FNSMFL }  Output file for end-of-simulation soil moisture (max. 1000 characters)
* Leawe blank if this output is not required

C0000ONO0N00O000N00N000N00NN00N00O000aNNCN0000000000Na000n0

VALUE DESCRIPTION
0.0001 / RECONV
200 / REITERMX
4 / NSOIL
0.083333 / FACTCN
Ag MAIN.dat / AGFL
Urban MAIN.dat / URBFL
NativeVeg MAIN.dat / NVRVFL
ReturnFlewFrac.dat / RFFL
ReuseFrac.dat / RUFL

/ MSRCFL
..\Results\LWU.hdf / LWUBUDFL
..\Results\RZ.hdf / REZBUDFL
.. \Results\LWU_ZBud.hdf / ZLWUBUDFL
- -\Results\RZ_ZBud.hdf / ZRZBUDFL

FinRoctZone.out / FNSMFL

R T T T T o

C Soil Parameters

c

c Enter conversion factors.

o

c FACTK ; Conversion factor for root zone hydraulic conductivity

c It is used to convert only the spatial component of the unit;

o4 DO NOT include the conversion factor for time component of the unit.

o4 * e£.,g. Unit of hydraulic conductivity listed in this file = IN/DAY

c Consistent unit used in simulation = FT/MONTH

c Enter FACT (IN/MCONTH -> FT/MONTH) = B8.33333E-02

c (conversion of DAY -> MONTH is performed automatically)

c TUNITK ; Time unit of root zone hydraulic conductivity. This should be one of the

c units recognized by HEC-DSS that are listed in the Main Control File.

c

C

c VALUE DESCRIFPTION

c —
1.9685e-4 / FACTK (micremeter/sec -> ft/min)
Imin / TUNITK

c -

c

c Enter soil parameters for each soil-subregion combination.

c

c IR ;i Subregion ID

c WP ; Wilting point (1 to NSQIL); [L/L])

c  FC ; Field capacity {1 to NSOIL); [L/L]

c TN i Total porosity {1 to NSOIL); [L/L]

C LAMBDA ; Pore size distribution index (1 to NSCIL}; [dimensionless]

c K i Saturated hydraulic conductivity (1 to NSOIL); [L/T]

c RHC t Method to represent hydraulic conductivity vs, moisture content curve {1 to NSOIL)

c 1 = Campbell's equation

c 2 = van Genucten-Mualem equation

o4 IMSRC ; Generic source of moisture data column in the Generic Moisture Source file, MSRCFL,
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C listed above (1 to NSOIL
[} * Note: Enter any number if MSRCFL above is left blank
C
<
C IR WPI1] FCI1] TN[1] LAMBDA[1] K[1] RHC[1] IMSRC[1
C WeP[2] FC[2] TN[2] LAMBDA[2] KI[2] RHC[2] IMSRC[2]
C . . . . . . .
C . . . . . . .
C WP [NSOIL] FC[NSOIL] TN[NSOIL] LAMBDA [NSOIL] K[NSOIL] RHC [NSOIL] IMSRC[NSOIL]
o}
1 0.000 0.067 0.477 0.755 0.250 1 0
0.000 0.473 0.483 0.755 0.014 1 0
0.000 0.303 0.385 0.755 0.250 1 0
0.000 0.333 0.343 0.755 0.250 1 0
2 0.000 0.089 0.440 0.755 0.500 1 0
0.000 0.110 0.481 0.755 1.000 1 0
0.000 0.239 0.477 0.755 0.402 1 0
0.000 0.111 0.500 0.755 1.000 1 0
3 0.000 0.119 0.438 0.755 0.620 1 0
0.000 0.033 0.471 0.755 0.632 1 0
0.000 0.490 0.500 0.755 0.394 1 0
0.000 0.031 0.281 0.755 0.053 1 0
19 0.000 0.080 0.440 0.755 1.000 1 0
0.000 0.208 0.478 0.755 0.873 1 0
0.000 0.065 0.389 0.755 0.956 1 0
0.000 0.322 0.460 0.755 0.893 1 0
20 0.000 0.081 0.440 0.755 0.850 1 0
0.000 0.131 0.482 0.755 0.584 1 0
0.000 0.127 0.388 0.755 0.783 1 0
0.000 0.094 0.458 0.755 0.843 1 0
21 0.000 0.080 0.440 0.755 1.000 1 0
0.000 0.418 0.478 0.755 0.514 1 0
0.000 0.390 0.400 0.755 0.997 1 0
0.000 0.234 0.462 0.755 1.000 1 0

CHEHHHKHKKHKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKKk

Soil Type, Precipitation and Runcff Destinaticn for Elements
Enter soil type, precipitation and surface runoff destination data for each element.

IE Element ID
ISLID Soil type ID number
IRNE ; Precipitation data column in the Precipitation file that applies to element IE
FRNE ; Factor to convert rainfall at the precipitation data column to
rainfall at element IE
TYPDEST: Destination type for the surface flow from element IE
0 = surface flow goes outside of model area

i
i

1 " " " to a stream node
3 = " " " " a lake

4 = " " " " a subregion
5= " " " " groundwater

DEST ; Destination for the surface flow from element IE
* Note: Enter any number if TYPDEST is set to 0 or &

AOAaaNaO00aaaNaO0anaan

IE ISLID IRNE FRNE TYPDEST DEST
1 3 1 1.0 1 207
2 3 2 1.0 1 206
3 3 3 1.0 1 206
4 3 4 1.0 1 206
5 4 5 1.0 1 207
1387 3 1387 1.0 1 ]
1388 2 1388 1.0 1 4
1389 2 1389 1.0 1 4
1390 3 1390 1.0 1 g
1391 2 1391 1.0 1 4
1392 2 1392 1.0 1 4

IWFM Demand Calculator, IDC-2015 | 183



IWFM Demand Calculator
IDC-2015

Running IDC
8.3.12.2. Return Flow Fractions Data File

This file is exactly the same as the Return Flow Fractions Data File for root zone
component version 4.0. Refer to section 8.3.8.2 for a detailed explanation of the

variables used in this file.

8.3.12.3. Re-use Fractions Data File

This file is exactly the same as the Re-use Fractions Data File for root zone
component version 4.0. Refer to section 8.3.8.3 for a detailed explanation of the

variables used in this file.

8.3.12.4. Agricultural Lands Component Files

8.3.12.4.a Agricultural Lands Main File

The Agricultural Crops Main File is the gateway file for all data that is necessary to
simulate agricultural water demands as well as the land surface and root zone flow
processes for the agricultural lands.

The file is divided into several sections and uses the following variables:

General Data
Number of agricultural crops simulated, input files that list the subregional crop
and cell-level total agricultural land areas, and the output file to print the average

crop characteristics are specified in this section.

NCROP Number of simulated agricultural crops

LUFLAGSR File that lists the crop areas at each subregion (maximum
1000 characters)

LUFLAG File that lists the total agricultural area at each element

(maximum 1000 characters)
FACTLTOU  Factor to convert simulation unit of length into the intended
output unit to be used in printing average crop characteristics
UNITLTOU  Output length unit for the average crop characteristics

(maximum 10 characters)
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AVGCRPFL Output file for the average crop characteristics (maximum
1000 characters); leave blank if this output is not required

Rooting Depths

This section lists the rooting depths for each of the simulated agricultural crop
FACT Conversion factor for crop root zone depth
ROOTCP Root zone depth for each of the simulated crops; [L]

Curve Numbers for Rainfall Runoff Simulation

Curve numbers for each subregion and soil type combination are entered in this

section.

IR Subregion identification number entered sequentially; enter 0
if curve numbers defined for each soil type are to be used for
all subregions

CNAG Curve number for each soil type

Crop Evapotranspiration
Crop evapotranspiration for each subregion and crop combination is listed here by
specifying a column number in the Evapotranspiration File:
IR Subregion identification number entered sequentially; enter O
if following values are to be used for all subregions
ICET Crop ET; this number corresponds to the appropriate data

column the Evapotranspiration File

Irrigation Periods

Time series irrigation period data is listed in this section for each subregion and crop

combination:
IPFL Irrigation period data file (maximum 1000 characters)
IR Subregion identification number; enter 0 if following values
are to be used for all subregions
ICIP Irrigation period; this number corresponds to the appropriate

data column in the Irrigation Period Data File (IPFL)

Minimum Soil Moisture

The minimum soil moisture that is used to trigger an irrigation event for each crop
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and subregion combination is listed in this section:

MINSMFL File that lists the minimum soil moisture (maximum 1000
characters)
IR Subregion identification number; enter 0 if following values

are to be used for all subregions

ICMSM Minimum soil moisture as a fraction of total available water
(i.e. field capacity less wilting point); this corresponds to the
appropriate data column in the Minimum Soil Moisture Data
File (MINSMFL)

Target Soil Moisture for Irrigation
The moisture level which is targeted to be achieved by the irrigation event is listed
for each crop and subregion combination in this section:

TRGSMFL File that lists the target soil moisture during irrigation
(maximum 1000 characters); leave blank if target soil
moisture is the field capacity

IR Subregiont identification number; enter 0 if following values
are to be used for all subregions

ICTRGSM Target soil moisture as a fraction of field capacity; this
number corresponds to the appropriate data column in the
Target Soil Moisture Data File (TRGSMFL)

Agricultural Water Supply, Return Flow and Re-Use Fractions

If the agricultural water supply requirement is pre-specified instead of being
computed dynamically, they are specified in this section. Irrigation water return flow
and re-use fractions are also listed.

AGWDEFL File that lists the agricultural water supply requirement
(maximum 1000 characters); leave blank if agricultural water
demand is simulated dynamically

FLDMD Flag for the root zone moisture to be used for the
computation of agricultural water demand and the timing of
irrigation (0 = use the soil moisture at the beginning of time
step, 1 = use the soil moisture at the end of time step); setting

FLDMD to 0 works well when the simulation time step is
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small (e.g. 1 day) while it should be set to 1 when the
simulation time step is longer (e.g. 1 month)

Subregion identification number; enter0 if the following
values are to be used for all subregions

Water supply requirement for subregion IR; this number
corresponds to the appropriate data column in the
Agricultural Water Supply Requirement file (AGWDFL);
enter any number if AGWDFL is not specified or enter 0 if
agricultural water supply requirement will be computed
internally for the subregion

Fraction of the agricultural applied water that becomes return
flow; this number corresponds to the appropriate data column
in Return Flow Factor Data File (RFFL) listed in the Root
Zone Main File

Fraction of the applied water that is re-used; this number
corresponds to the appropriate data column in the Re-use
Factor Data File (RUFL) listed in the Root Zone Main File.

Initial Soil Moisture Conditions

IR

ESOILMP

SOILM

Subregion identification number; enter 0 if following values
are to be used for all subregions

Fraction of initial soil moisture at subregion IR that is due to
precipitation for each soil type

Initial root zone moisture content for agricultural area for

each soil type; [L/L]
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c
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INTEGRATED WATER FLOW MODEL (IWEM)

L L L R T S L R R R s R TR ST

c
cC AGRICULTURAL LANDS DATA FILE
C Root Zone Compenent
o] *¥%* YVersion 5.0 ***
C
c
C Project: IDC Version ### Release
Cc California Department of Water Resources
[of Filename: Ag MAIN.dat
c File Description
c
c This data file contains the parameters and data file names for the simulation
Cc of root zone processes and crop water managament of agricultural lands.
[0} Number of Crops and Land Use Areas
[
o NCROP : Number of simulated agricultrural ecrops
C LUFLAGSR ; File that lists the crop areas at each subregion (max. 1000 characters})
c LUFLAG i File that lists the total agricultural area at each element (max. 1000 characters)
C FACTLTQU ; Factor to convert simulation unit of length inte the intended output unit
c to be used in printing average crop characteristics
C  UNITLTOU ; Output length unit for the average crop characteristics (max. 10 characters)
C AVGCRPFL ; Output file for the average crop characteristics (max, 1000 characters)
c * Leave blank if this cutput is not required
C
m e e e e
* Crop No. Name
v T
* 1 PA = Pasture
* 2 AL = Alfalfa
* 3 SB = Sugar Beets
* 4 FI = Field Crops
* 5 RI = Rice
* 6 TR = Truck Crops
* 7 TO = Tomato
* 8 TH = Tomato (Hand)
* 9 TM = Tomato (Machine)
* 10 CR = Orchard
* 11 GR = Grains
* 12 VI = Vinevards
* 13 CQ = Cotton
* 14 80 = Citrus and Olives
G e e
c VALUE DESCRIPTICN
c S
14 / MWCROP
CVCrophrea.dat / LUFLAGSR
CVAgElemArea.dat / LUFLAG
1z.0 / FACTLTOU (£t => in)
inches / UNITLTOU
. .\Results\AvgCrop.out / BVGCRPFL

Chadkkddkthdth

N L L L R L L L R R T T T

[o] Rooting Depths
c
o] FACT ; Conversion factor for crop root zone depth
o4 ROOTCP ; Crep root zonme depths (1 to NCROP); [L]
c
e
C  VALUE DESCRIPTICN
Cm e e e
1.0 / FACT
2.0 / ROOTCP (1) Pasture
6.0 / ROOTCP[2] Alfalfa
5.0 / ROOTCE([3] Sugar Beets
4.0 / ROOTCP[4) Field Crops
2.0 / ROQTICP[5] Rice
3.0 / ROQTCP[6] Truck Crops
5.0 / ROQTCP[7] Tomato
5.0 / ROQTCP[8] Tomato (Hand)
5.0 / ROOTCP[9] Tomato (Machine)
6.0 / ROQTCP[10] Orchard
4.0 / ROOTCP(11] Grains
5.0 / ROOTCP[12] Vineyards
6.0 / ROOTCF[13] Cotton
4.0 / ROOTCE[14] citrus and Olives
(Rt e ko ok st kS oh ko ot kst ok ek R sk ok R o R Rk
o Curve Numbers for Rainfall Runoff Simulaticn
c
o} Enter curve numbers for each subregion and soil-type combinaticn for
o agricultural areas.
c
[of IR ; Subregion ID {0 if following values are to be used for all subregions)
[ CNAG ; Curve number for agricultural lands for each simulated
[od soil type (1 to NSOIL)
c
i e e e e e e
c IR CNURB[1] CMURB[2] CNURB[3] CNURB[4]
c e
1 79.0 84,0 92.0 94.0
2 83.0 86.0 93.0 95.9
3 83.0 86.0 93.0 96.1
4 83.0 86.0 93.0 96.0
18 §7.0 90.0 94.0 97.0
19 92.0 93.0 96.0 97.0
20 82.0 91.0 94.0 27.0
21 89.0 21.0 94.0 97.0

ChAk ko h ko
c

c
c The follow

ek ok ke ok Rk ok ok Rk Rk R Rk k R Rk kR kR kR
Crop Evapotranspiration (ETc)

ing lists the ETe column pointers for each subregion and agricultural

c crop combinatign,
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c IR ;i Subregion ID (Enter O if following values are to be used for all

c subregion and agricultural crop combinations)

c ICETAG : Crop ET (ETc) - this number corresponds to the appropriate data column

[of in the ET data file listed in the Main Input File. List for each

c agricultural crop (1 to NCROP).

c

C

c IR ICETAG[1] ICETAG[2] ICETAG [NCROP]

o2

c PR AL SB FI RI TR TO TH ™ OR GR
1 1 2 3 4 5 6 7 8 9 10 11
2 18 19 20 21 22 23 24 25 26 27 28
3 35 36 37 38 39 40 4l 42 43 44 45
4 52 53 54 55 56 57 58 59 60 61 62
18 290 291 292 293 294 295 296 297 298 299 300
19 307 308 309 310 311 312 313 314 315 316 317
20 324 325 326 327 328 329 330 331 332 333 334
21 341 342 343 344 345 346 347 348 349 350 351

R R L L R R L

c Irrigation Periods
c
[of The following lists the irrigation period column pointers for each
o4 subregion and agricultural crop combination.
c
c IPFL ; Irrigation period data file (max. 1000 characters
(o IR ; Subregion ID (Enter 0 if following values are to be used for all subregion
c and agricultural crop combinatiens)
c Icip ; Irrigation period - this number corresponds to the appropriate data
C column in the Irrigation Period Data File (IPFL). List for each
c crop (1 to NCROP).
c
o}
C  VALUE DESCRIPTION
[l
CVAgIrrigPeriod.dat / IFFL
C
c IR ICIE[1] ICIP[Z] ... ICIP[NCROF]
Cmmmmm
o PA AL SB FI RI TR TO TH ™ OR GR
1 1 2 3 4 £ 6 7 8 9 10 11
2 15 le 17 18 19 20 21 22 23 24 25
3 29 30 31 32 33 34 35 36 37 38 39
4 43 44 45 46 47 48 49 50 51 52 53
18 239 240 241 242 243 244 245 246 247 248 249
19 253 254 255 256 257 258 259 2860 261 262 263
20 267 268 269 270 271 272 273 274 275 276 277
21 281 282 283 284 285 286 287 288 289 290 291

ook bk kok ek ok ek ok kb ek Rk ko ke k ko ok ok kR ok bk ko ke k ko k ok k kR Rk kR E kAR

o4 Minimum Soil Moisture
c
o] The following lists the minimum soil moisture column pointers for
[od each subregion and agricultural crop combination.
c
C  MINSMFL ; File that lists the minimum soil moisture requirements (max. 1000 characters
c IR ; Subregion ID (Enter 0 if following values are to be used for all subregion
c and crop combinations})
c ICMsM ; Minimum soil meoisture as a fraction of Total Available Water
c (TAW = field capacity - wilting point) - this number corresponds to
c the appropriate data column in the Minimum Soil Moisture Requirement
[o4 Data File (MINSMFL}. List for each crop (1 te NCROP).
c
C
c VALUE DESCRIPTICN
[o——
CVAgMinMoist.dat / MINSMFL
IR ICMSM[1] ICMSM[2] ICMSM[NCROF]
PR AL SB FIL RI IR TO TH ™ OR GR
[¢] 1 2 3 4 5 6 7 8 9 10 11

B AR A AR AR R Rk kR kA A AR R AR R A kAR R AR AR AR AR AR AR R AR kR kAR AR R AR R kR
Target Soil Moisture for Irrigation

The following lists the target soil moisture column pointers for

each subregion and agricultural crop combination. If irrigtaicn target soil
moisture is field capacity, then leave TRGSMFL variabkle blank and comment out
the section where IR and ICTRGSM variables are specified.

0ONOONNaONNaOeo0QNo0Q aonq

TRGSMFL ; File that lists the target scil meisture for each crep during irrigation
(max. 1000 characters})

* Leave blank if target soil moisture is field capacity

IR i Subregion ID {Enter 0 if following values are to be used for all subregion
and agricultural crop combinations)

ICTRGSM ; Target soil moisture as a fraction of field capacity - this number
corresponds to the appropriate data column in the target soil moisture
data file (TRGSMFL}. List for each agricultural crop (1 to NCROP).

VALUE DESCRIPTION
/ TRGSMFL

agricultural water supply reguirement and the timing of irrigation
* 0: Use the soil moisture at the beginning of time step
* 1: Use the soil moisture at the end of time step

IWFM Demand Calculator, IDC-2015

c

c IR ICTRGSM[1] ICTRGSM(2] ICTRGSM [NCROP

C

«

«

CRAAd A A A AR A kR R kA kKb A AR AR R KRR R AR AR kR E kA AR A A A AR A kR R kA kR bk A R R KRR R A 5%

c Specified Water Supply Requirement, Return Flow and Re-use Factors

c

[of AGWDFL ; File that lists the agricultural water supply requirement {(max. 1000 characters)
c * Leave blank if agricultural water demand is simulated dynamically
c FLDMD ; Flag for the root zone moisture to be used for the computation of

c

c

c

VI

29
46
63

301
318
335
352

250
264
278
292

VI
1z

co

30
47
64

302
319
336
353

283

co
13

380

31
48
65

303
320
337
354

252
266
280
294

50
14
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[ IR ; Subregiocn ID {(Enter 0 if following values are to be used for all subregions})
o} ICAGWD ; Water supply requirement - this number corresponds to the appropriate data
C column in the Agricultural Water Supply Requirement file (AGWDFL})
o} * Enter any number if AGWDFL is not specified
c * Enter 0 if agricultural water supply requirement will be computed
C internally for the subregion
o} ICRTFAG ; Fraction of the agricultural applied water that becomes return flow - this
Cc number correspends te the appropriate data column in Return Flow Factor
C Data File (RFFL) listed in the Root Zone Main Data File.
c ICRUFAG ; Fracticn of the applied water that is re-used - this number corresponds
C to the appropriate data column in Re-use Factor Data File (RUFL) listed
c in the Root Zone Data File,
c
c
c VALUE DESCRIPTION
Cc
/ AGWDFL
1 / FLDMD
C
C IR ICAGWD ICRTFAG ICRUFAG
Cc
1 Q 1 1
2 0 2 2
3 0 3 3
4 0 4 4
18 0 18 18
12 1] 19 19
20 0 20 20
21 Q 21 21

Chrrrddhdhdhdhdhhhhhhhhhdrhdhdhrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrds
Initial Seil Meisture Ceondition
For Agricultural Lands

IR ; Subregion ID (0 if following values are to be used for all subregions)

FSOILMP; Fracticn of initial scil meoisture due to precipitation for each soil
type {1 toc NSOIL)

50ILM ; Initial root zone moisture content for agricultural area for each
soil type (1 to NSOIL); [L/L]

IR FSOILMP[1] SOILMI[1]
FSOILMP[2] SOILM[2]

FSOILMP [NSQIL] SOILM[NSOIL]

aoaooaoaoaaooaoaaoaonoaaa

.067
.473
.303
.333
.089
.110
.239
L111
.119
.033
.490
.031
.121
286
.382
.243

w
cCo0CcOCOOOOOoOoDOOO@
[GRCRS RGN RGN R NG RE NGNS R RG]
CO00C000000000O0O0

.199
.109
.119
.116
.080
.208
.065
L322
.081
.131
L1127
L0904
.080
.418
-390
0.234

18

19

GUUUUEOUEEWU @O ee .

20

21

[sR=NoNoNoNaoNoNoNaoofa Yo ayana)
C0O00D000C000DO0O0 O
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8.3.12.4.b Subregional Crop Area Data File

Areas of each crop at every subregion are listed in this file:

FACTLNCR  Conversion factor for crop areas; enter 0.0 if crop areas are
given as fractions of the subregion areas

NSPLNCR Number of time steps to update the subregional crop area;
enter any number if time-tracking option is on

NFQLNCR Repetition frequency of the subregional crop area data; a
value of zero indicates that a full time series data set is
supplied; if time tracking simulation, enter any number

DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Subregional Crop Area Data File
If the time series data is listed in the Subregional Crop Area Data File, then the
following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
ITLN Time; for time tracking simulations use
MM/DD/YYYY_hh:mm format, for non-time tracking

simulations enter an integer number

IR Subregion identification number
ALAND Area (or fraction of subregion area) corresponding to the
crops over a subregion; [L*] or [L?/L*] based on
FACTLNCR above
Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:
IR Subregion identification number
LUTYPE Crop identification number entered sequentially
PATH Pathname corresponding to subregion and crop type

combination
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C
C INTEGRATED WATER FLOW MODEL {IWEM)

(ko ko k bk kb kb Rk ko kR Rk Rk

SUBREGIONAL CROP AREA FILE
Root Zone Component
*** Version 5.0 **%

Project: IDC Version H#ff Release
California Department of Water Resources
Filename: SubregionCrophrea.dat

WK R R R AR KR F R AR R AR LA E AR A R FEREARI LR ER LR EEAEUR RS RAEAE
File Description

This data file contains the individnal crop areas for each subregion
for the simulation peried.

Land Use Data Specifications

FACTLNCR; Conversion factor for crop area
* Enter 0,0 if crop area is given as a fraction of subregion area
NSPLNCR 7 Number of time steps to update the land use data
+ Enter any number if time-tracking opticn is on
NFQLNCR ; Repetition freguency of the land use data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is en
DSSFL P The name of the DSs file for data input
+ Leave blank if DSS file is not used for data input

anaonfaaNaNaaNaaQaNaaNancaNnaNaan

VALUE DESCRIPTION
43560.0 / FACTLNCR
1 / MSPLNCR
0 / NFQLNCR

/ DSSFL

Land Use Data
{READ FROM THIS FILE)

List the crop areas below, if it will not be read from a DSS file
(i.e. DSSFL is left blank above).

ITLN i Time
IR B Subregion number

[L"2/L"2] (based on FACTLNCR above). List for each
crop (1 to NCROP)

C
c
[
C
c
c
C
c
c
C  ALANDCR; Crop area lor fraction of area) over a subregion; [L"2] or
[
C
c
[
[o}
Cc
c
c
0

ALANDCR
ITLN IR PR AL SB FI RI . CR GR VI co 50
9/30/1922_24:00 1 12692 765 o} 393 [ 674 0 0 0 [
- 2 22800 11100 a 2700 o . 16300 0 o a Q
3 22400 8600 Q 6200 40000 11400 0 o [ 9
4 5100 2600 a 31200 22000 6500 0 o 0 Q
5 27200 15800 a00 11400 31800 e 42700 0 0 a il
6 6200 5300 600 3400 6000 5500 0 400 0 0
7 13800 5200 1200 BE00 1200 . 22200 0 0 Q a
8 40000 7800 500 10300 3100 1550 0 22700 0 Q
9 23200 40100 19500 79300 2500 29200 74100 [} [} 9
10 8837 44348 1012 51482 5844 e 781 0 298 17808 a
11 25709 11311 163 27674 3708 16379 0 7185 386 0
12 12672 16298 33 33301 22 16612 0 8890 0 9
13 31982 61743 794 35543 5826 e 22284 0 36926 12206 Q
14 741 27419 3281 56059 637 2410 0 1610 76390 9
15 134586 24550 2300 77785 1890 . 7221 0 17160 76273 Ll
16 16286 9140 %6 11873 [} 9241 0 22302 5579 Q
17 9604 7972 285 12821 0 . 18987 0 37128 5018 Q
18 21473 54838 990 84272 1869 N 18482 0 17310 50558 0
19 2621 43817 1634 30845 223 . 11766 0 3320 48002 Q
20 643 11943 180 B537 1 “ua 14061 0 11681 10972 Ll
21 4376 42223 1233 23837 381 . ©450 0 14290 38277 Q
09/30/1923_24:00 1 12692 765 [} 393 0 674 0 0 4} 9
- 2 22300 10900 0 2700 o 16600 0 0 0 Q
3 22400 8600 a 6200 40000 11400 0 o 0 Q
4 5200 2600 a 32600 22000 6900 0 o 0 Q
5 27600 15900 T00 11600 3ls00 . 42200 0 o Q q
& 6600 5700 a00 3600 7000 . 5300 0 400 a Q
7 20500 5300 1200 BB00 1200 . 23000 0 0 0 a
8 41800 8100 600 10800 3200 16300 0 23700 [ Q
9 24000 40100 20900 80700 2900 30100 63500 100 [4) L)
10 9016 44780 1012 50646 5427 . BOGS 0 312 19214 aq
11 25936 11421 163 27225 3443 16898 0 7522 417 qQ
12 12784 16457 33 38663 20 171392 0 9307 0 Q
13 32264 62343 To4 34966 5410 22991 0 38658 13169 Q
14 744 27550 3281 56279 637 e 2421 0 1618 77484 Q
15 13514 25003 2300 TRO90 1890 - 7254 0 17243 6762 aq
16 17058 8183 96 11919 o . 9283 0 22409 5615 ]
17 9645 8010 285 12872 o 19073 0 37307 5051 Q
18 21565 55101 ag0 84603 1862 18565 0 17393 50882 Q
19 2633 44127 1634 30966 223 e 11819 0 3336 48310 Q
20 646 12000 180 8571 1 . 14124 0 11737 11042 Q
21 4395 42426 1233 23931 381 6472 0 14358 38522 Q
09/30/2009_24:00 1 24516 715 o 204 o e 2860 1328 102 0 819
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2 35071 7256 302 8969 2016 B646S 6047 o 22373
3 13844 14902 3269 34419 165364 59896 26439 7211 13556 2115
4 1999 5298 1000 53682 110763 30890 14695 o 1100 12796
S 20235 5403 1] 8644 185259 138011 5992 98 491 4911
[ B768 50170 o 43818 16452 28724 51571 1551 Q€9 8319
7 22160 3393 636 9012 72842 11381 2118 0 [4] 318
8 41769 15028 2502 48091 3317 56901 24149 92658 0 311
9 15224 50403 5381 131936 625 10707 40758 21588 [4} 104
10 10927 76562 4296 53701 5977 38478 37544 1681 20778 654
11 48341 9304 o 32766 5764 BBEI2 12237 12742 0 303
12 18556 21418 185 54376 ] 94627 12094 14309 [4] 185
13 30394 61061 2548 55419 3640 136682 57239 95186 42042 5096
14 1088 10791 4534 18681 0 43257 38088 10066 170578 453
15 5270 107990 2311 71654 0 54827 73965 53163 179644 647
16 6961 9076 o 5375 o 25554 2291 63621 5375 10574
17 5917 7027 o 8321 o 74150 8876 99239 2866 34856
18 3557 91713 3172 129975 [ 83638 77677 49702 83061 98154
19 1223 36601 2258 14772 0 77247 40835 8938 72543 2258
20 97 17332 484 9005 0 69618 10457 40570 10554 27111
21 1129 53066 282 54101 o 25875 35378 36130 62569 17971

Pathnames for Land Use Data
(READ FROM DSS FILE)

List the pathnames for the land use data below, if it will be read from a DSS file
{i.e. DSSFL is specified above).

The pathnames should be listed for each subregion and crop combination.
They should be listed in an order such that, the crop type changes first.

* Example with 3 agricultural crops {i.e. NCROP=3):

IR LUTYPE PATH
1 1 (pathname[1])
1 2 (pathname[2])
1 3 (pathname [3])
2 1 (pathname [4])
2 2 (pathname [5])
2 3

(pathname[6])

NREGN (pathname [ (NCROP) *NREGN - 2]

1 )

NREGN 2 (pathname [ (NCROP) *NREGN — 1])
NREGN 3 (pathname [ (NCRCP) *NREGHN] )
IR ; Subregion number
LUTYPE ; Land use type

1 = Agricultural crop 1

2 = Agricultural crop 2

NCROP = Agricultural crop NCROP
FATH ; Pathname corresponding to subregion and crop type combination
IR LUTYPE PATH

s +nO00000NONO0O0O0OONONOcOcON0QQaNNOQaNa0a00a0
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8.3.12.4.c Flemental Total Agricultural Area Data File

Total agricultural area at each element are listed in this file:

FACTLNA

NSPLNA

NFQLNA

DSSFL

Conversion factor for agricultural areas; enter 0.0 if areas are
given as fractions of the element areas

Number of time steps to update the total agricultural areas at
each element; enter any number if time-tracking option is on
Repetition frequency of the element-level total agricultural
area data; a value of zero indicates that a full time series data
set is supplied; if time tracking simulation, enter any number
The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Elemental Total Agricultural Area Data File

If the time series data is listed in the Elemental Total Agricultural Area Data File,

then the following variables need to be populated. Otherwise, these variables should

» « » “x»”

be commented out using “C”, “c” or “*”, and the variables in the “Data Input from

DSS File” section below should be populated.

ITLN Time; for time tracking simulations use
MM/DD/YYYY_hh:mm format, for non-time tracking
simulations enter an integer number

1E Element identification number

ALANDA Agricultural area (or fraction of element area) over an
element; [L?] or [L?/L?] based on FACTLNA above

Data Input from DSS File
If time series data is stored in a DSS file then the following variables should be
populated:

IE Element identification number

PATH Pathname corresponding to the total agricultural area at

element IE
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ELEMENTAL AGRICULTRAL AREA FILE
Root Zone Compenent
k¥ Version 5.0 **¥

Project: IDC Version ### Release
California Department of Water Resources
Filename: ElemAgArea.dat
B R R LR L T L R R R R L S LS S e T
File Descripticn

This data file contains the total agricultural area for each element
for the simulation period.

sk ke ke ke ok ok okl ko ko bk ke ke ok ek ek ek

Land Use Data Specifications

FACTLNA; Conversion factor for land use area

* Enter 0.0 if land use distribution is given as a fraction of element area
NSPLNA ; Number of time steps to update the land use data

* Enter any number if time-tracking option is on
NFQLNA ; Repetition frequency of the land use data

* Enter 0 if full time series data is supplied

* Enter any number if time-tracking option is on
DSSFL H The name of the DSS file for data input

* Leave blank if DSS file is not used for data input

nnonoaononaannaonaaonaanoaoaoanannn

VALUE DESCRIPTION
43560.0 / FACTLNA
1 / NSPLNA
0 / NFQLNA
/ DSSFL
m e e e e e
[+ Land Use Data
[ {READ FROM THIS FILE)
c
[o List the land use data below, if it will not be read from a DSS file
C (i.e. DSSFL is left blank above),
c
C ITLH H Time
C IE H Element number
C ALRNDA ; Agricultural area (or fraction of area) over an element; [L*2] or
Cc [L*2/L"2] (based on FACTLNA above
o] * Note: Agricultural areas over elements that are designated as lake elements
c will be ignored
[
C
C ITLN IE ALANDA
c
09/30/1922_24:00 1 8l2.39
2 0.00
3 0.00
4 0.00
1389 1615.33
1380 0.00
1391 0,00
1382 0.00
08/30/1923_24:00 1 806.27
2 0.00
3 0.00
4 0.00
1389 1654.52
1390 0,00
1381 0.00
1392 0.00
08/30/2009_24:00 1 89,96
2 180.79
3 1379.60
4 781,58
1389 5536.55
1390 5945.77
13901 6233.13
1392 1375.83
Cmmm e e m e
C Pathnames for Land Use Data
Cc (READ FROM DSS FILE)
c
[of List the pathnames for the land use data below, if it will be read from a D38 file
[o] {i.e. DSSFL is specified above).
C
c IE i Element number
[o} PATH ; Pathname corresponding to agricultrural area at element IE
c
e
c 1IE PATH
o3
*
*
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8.3.12.4.d Irrigation Period Data File

This file is exactly the same as the Irrigation Period Data File for the root zone

component version 4.0. Refer to section 8.3.8.4 for a detailed explanation of this file.

8.3.12.4.e Minimum Soil Moisture Data File

This file is exactly the same as the Minimum Soil Moisture Data File for the root

zone component version 4.0. Refer to section 8.3.8.7.d for a detailed explanation of

this file.

8.3.12.4.f Irrigation Target Moisture Data File

This file is exactly the same as the Irrigation Target Moisture Data File for the root
zone component version 4.0. Refer to section 8.3.8.7.e for a detailed explanation of

this file.

8.3.12.4.g Agricultural Supply Requirement Data File

This file is exactly the same as the Agricultural Supply Requirement Data File for the
root zone component version 4.0. Refer to section 8.3.8.6 for a detailed explanation

of this file.

8.3.12.5. Urban Component Files

8.3.12.5.a Urban Lands Main File

The Urban Lands Main File is the gateway file for all data that is necessary to
simulate land surface and root zone flow processes in urban lands.

The file is divided into several sections and uses the following variables:
Land-Use Areas

The filename for the urban areas data file is listed in this section:

LUFLU File that lists the urban areas (maximum 1000 characters)
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Rooting Depth
FACT Conversion factor for urban outdoors root zone depth
ROOTURB Root zone depth for urban outdoors; [L]

Curve Numbers
IR Subregion identification number; enter 0 if following values
are to be used for all subregions
CNURB Curve number for urban lands for each simulated soil in

subregion IR

Urban Water Use, Management and Simulation Parameters

WTRDMDEL  File that lists the urban water demand (maximum 1000
characters)

URBSPECFL  File that lists the urban water use specifications (maximum
1000 characters)

IR Subregion identification number; enter 0 if following values
are to be used for all subregions

PERV Fraction of pervious area to total urban areas

ICWTRDMD  Water demand in surgeion IR; this number corresponds to
the appropriate data column in the Urban Water Demand
File, WTRDMDFL, listed above

ICURBSPEC  Urban water use specification data as a fraction of total urban
water that is used indoors; this number corresponds to the
appropriate data column in the Urban Water Use
Specifications File, URBSPECFL, listed above

ICETURB Urban evapotranspiration; this number corresponds to the
appropriate data column in the Evapotranspiration File listed
in the IDC Main Input File

ICRTFURB Fraction of the urban applied water that becomes return flow;
this number corresponds to the appropriate data column in
the Return Flow Fractions Data File (RFFL) specified in the
Root Zone Component Main File; for urban lands (return
flow fraction applies only to pervious (lawns, parks, etc) urban
areas; all water delivered to urban indoor areas becomes

return flow)
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ICRUFURB

Fraction of the urban applied water that is re-used; this
number corresponds to the appropriate data column in the
Re-use Fractions Data File (RUFL) specified in the Root

Zone Component Main File

Destination for Urban Surface Flow

In this section, the destination for surface flow generated in urban lands at each grid

cell is listed.
1IE
TYPDESTUR

DESTUR

Element identification number

Destination type for the urban surface flow from element IE
(0 = surface flow goes outside of model area; 1= surface flow
goes to a stream node; 3 = surface flow goes to a lake; 4 =
surface flow goes to a subregion; S = surface flow goes to
groundwater)

Destination identification number for the urban surface flow
from element IE; enter any number if TYPDESTUR is set to O

orS

Initial Soil Moisture Conditions

The initial soil moisture content for urban outdoors at each subregiont is listed in

this section.
IR

FSOILMP

SOILM

Subregion identification number; enter 0 if following values
are to be used for all subregions

Fraction of initial soil moisture in subregion IR at each soil
type that is due to precipitation

Initial root zone moisture content for urban outdoors for each

type at each subregion; [L/L]

198 |  IWFM Demand Calculator, IDC-2015



IWFM Demand Calculator

IDC-2015

Running IDC

o R R R LR R R T A L A R LR R TR T
c
c INTEGRATED WATER FLOW MODEL (IWFM)

[
R R R i R R R E  E R R A A s i ats

URBAN LANDS DATA FILE
Root Zone Component
*+% Version 5.0 #*+

Project: IDC Version ### Release
California Department of Water Resources
Filename: Urban MAIN.dat

D R d L R R R R R R L R S R R s s e e

File Description

This data file contains the parameters and data file names for the simulation
of root zone processes and managament of urban lands.

R Rk Rk kAR kR kR Rk ko h kR kR kR kAR Rk AR Rk Rk h kA Rk kR ARk kA kR kR kR oh

Land Use Areas

LUFLU ; File that lists the urban areas (max. 1000 characters)

coocoQooeOO0NanNNCOoNa0

UrbanArea.dat / LUFLU

(Sl ke ok ek ek o ek ke ok ek ok ok ok ook ke ok ook ek o ek ks ok ek e o ek ke ok ok

c Rooting Depth
c
c FACT H Conversion factor for urban root zone depth
c ROCQTURB; Urban root zone depth; [L]
[+
c -
C  VALUE DESCRIFTION
c -
1.0 / FACT
2.0 / ROOTURB

otk ke k ok ok ek ok ko ok kR ok kR ok ko kR ok Rk ko ko ko ok kR ok ok kR ko k ok kR ok

[ Curve Numbers for Rainfall Runcff Simulation
[of
[+ Enter curve numbers for each subregion and soil-type combination for
C  urban areas.
[of
c IR ; Subregion ID (0 if following wvalues are to be used for all subregions)
c CNURB ; Curve number for urban lands lands for each simulated
o} soil type (1 to NSOIL)
[+
c -
(o} IR CNURB[1] CNURB[2] CNURB [3] CNURB[4]
[of
1 83.0 86.0 84.0 97.0
2 85.0 87.0 84,0 97.0
3 86,0 B87.0 94.0 87.0
192 93.0 24.0 97.0 87.0
20 91.0 93.0 96.0 87.0
21 91.0 93.0 86.0 37.0

kb hdh b kb ko bk dd kb Ak d A kb d bk kb ok hhhh Ak kA kb kA b bk Ak A b kd kb bbb kA Ak Rk bk bk kb hkdh

Urban Water Use, Management and Simulaticn Parameters

WIRDMDFL ; File that lists the urban water demand (max. 1000 characters)

URBSPECFL; File that lists the urban water use specifications (max. 1000 characters)

IR ; Subregion ID (Enter 0 if following values are to be used for all elements)

FERV ¢ Fraction of pervious area to total urban areas

ICWTRDMD ; Water demand - this number corresponds to the appropriate data
column in the Urban Water Demand file (WTRDMDFL)

ICURBSPEC; Urban water use specification data as a fraction of total urban water that
is used indoors - this number corresponds to the appropriate data column
in the Urban Water Use Specifications file (URBSPECFL).

ICETURB ; Urban ETc - this number corresponds to the appropriate data column
in the ET data file listed in the Main Control Data file.

ICRTFURB ; Fraction of the urban applied water that becomes return flow - this
number correspends to the appropriate data column in irrigation
water return flow factor data file (RFFL).

* Note: For urban lands, return flow fraction applies only to
pervious (lawns, parks, etc) urban areas. All water
delivered to urban indoor areas becomes return flow.

ICRUFURE ; Fraction of the applied water that is re-used - this number corresponds
to the appropriate data column in irrigation water re-use factor data

file (RUFL).

VALUE DESCRIFTION

noNoNanNNOaNONONN0oQa0aN0ana

UrbanWaterDemand.dat
UrbanWaterUseSpecs.dat

/ WTRDMDFL
/ URBSPECFL

C
c IR PERV ~ ICWTRDMD ICURBSPEC ICETURB ICRTFURBE ICRUFURB
c ——
1 0.62 1 1 15 22 22
2 0.62 2 2 32 22 22
3 0.62 3 3 49 22 22z
19 0.62 19 19 321 22 22
20 0.62 20 20 338 22 22
21 0.62 21 21 355

(ko ok ko ok ok e ko oh ok kR ok ok ok ko oh ko ok ok ko kb ko oh ok ko ko ok ok kR ok

C Destination for Urban Surface Flow

c

o] List the destination type and number for urban surface flow from each element.
[of Destinations for urban surface flow can be different than those for surface

c flows generated on other land use areas as listed in the Root Zone Component
c Main Input File.

[+

c IE : Element ID

c TYPDESTUR ; Destination type for the urban surface flow from element IE
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Surface flow goes outside of model area
" " " to a stream node

(LS

o}
C
c - " " " v o4 lake
c = " " " " a subregion
C = " " " " groundwater
C DESTUR ; Destination for the urban surface flow from element IE
C * Note: Enter any number if TYPDESTUR is set to 0 or S
C
(o ittt
[o IE TYPDESTUR DESTUR
e e e
1 1 207
2 1 206
3 1 206
4 1 206
1389 5 0
1330 5 0
1391 5 0
1392 5 0

(ko ek ok ok ek ok ok ok sk ek ek ok ko ko ko ke ok sk ko ok sk ko ok ok ko ok ok ko ok ok ko ko

C Initial Soil Moisture Condition
c For Urban Lands
C
C IR ; Subregion ID (0 if following values are to be used for all subregions)
C FSOILMP; Fraction of initial soil moisture due to precipitation for each soil
C type (1 to NSOIL)
[of SOILM ; Initial root zone moisture content for urban area for each
[of soil type (1 to NSQIL); [L/L]
[o
C ________
c IR FSOILMP[1] SOILM[1]
[ FSOILMP[2] SOILMI[2]
C FSOILMP[3] SOILM[3]
C FSOILMP[4] SOILM[4]
e e e e e e e =
1 0.5 0.067
0.5 0.473
0.5 0.303
0.5 0.333
2 0.5 0.089
0.5 0.110
0.5 0.238
0.5 0.111
3 0.5 0.119
0.5 0.033
0.5 0.490
0.5 0.031
19 0.5 0.080
0.5 0.208
0.5 0.065
0.5 0.322
20 0.5 0.081
0.5 0.131
0.5 0.127
0.5 0.094
21 0.5 0.080
0.5 0.418
0.5 0.3%0
0.5 0.234
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8.3.12.5.b Urban Area Data File

This file is exactly the same as the Urban Area Data File for the root zone
component version 4.0. Refer to section 8.3.8.9.b for a detailed explanation of this

file.

8.3.12.5.c Urban Water Demand Data File

This file lists total urban water demand. Urban land in each subregion is associated

with a data column in this file through pointers specified in the Urban Lands Main

File.

The following variables are listed in this file:

NCOLWD Number of urban water demand data columns

FACTWD Conversion factor for the spatial component of the urban
water demand data

NSPWD Number of time steps to update the urban water demand
data; enter any number if time-tracking option is on

NFQWD Repetition frequency of the urban water demand; a value of

zero indicates that a full time series data set is supplied; if time
tracking simulation, enter any number
DSSFL The name of the DSS file for data input; leave blank if DSS file

is not used for data input

Data Input from Urban Water Demand Data File
If the time series data is listed in the Urban Water Demand Data File, then the
following variables need to be populated. Otherwise, these variables should be
commented out using “C”, “c” or “*”, and the variables in the “Data Input from DSS
File” section below should be populated.
ITWD Time; for time tracking simulations use
MM/DD/YYYY hh:mm format, for non-time tracking

simulations enter an integer number
WD Urban water demand; [L*/T]

Data Input from DSS File

If time series data is stored in a DSS file then the following variables should be
populated:
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REC Record number that coincides with the data column number
for the time series data
PATH Pathname for the time series record that will be used for data

retrieval
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C
< INTEGRATED WATER FLOW MODEL (IWEM)

Rk Kk K K K K K K K K K K K K K K K K K K K K K K K K K K K K K R R R R R R R R R Rk

URBAN WATER DEMAND DATA FILE
Root Zone Component
*x* Version 5,0 *¥**

Project: 1IDC Version ### Release
California Department cf Water Resocurces
Filename: UrbanWaterDemand.dat

sk sk ke ok ko ke ok ko Sk kK ok ko kK Sk K ok ks kK ok ok s e ok ok sk ok ok ke ok s ok sk ok ok e ok s ok ok ok e ok ok ok ke ok ok ok ok

File Descripticn

This data file contains urban water demand data on a time-series
basis.

hkkkkkkkkkdkhkhkdkkdkhhkdk ko kdkdkdedkdk sk ok ok e e s s o de e e sk o o Sk e o s o ok sk ok ok ok ok ok ok ok b ok ok Sk ok sk ok ok ke ke ok b ke ok ke ke kb ok ke
Urban Water Demand Data Specifications

NCOLWD ; Number of urban water demand data columns
FACTWD ; Conversion factor for urban water demand
It is used to convert only the spatial component of the unit;
DO NOT include the conversion factor for time component of the unit.
* e.g. Unit of flow listed in this file = AC-FT/MONTH
Consistent unit used in simulation = CU.FT/DAY
Enter FACTDWD (AC-FT/MONTH -> CU.FT/MONTH) = 43560.0
(conversion of MONTH -> DAY is performed autcmatically)
NSPWD ; Number of time steps to update the water demand data
* Enter any number if time-tracking copticn is on
NFQWD ; Repetition frequency of the water demand data
* Enter 0 if full time series data is supplied
* Enter any number if time-tracking option is on
DSSFL ; The name of the DSS file for data input (maximum 1000 characters);
* Leave blank if DSs file is not used for data input

QOO0 aONaaNanaOOaaNaOaaOanNaaNaan

VALUE DESCRIPTION
21 / NCOLWD
43560000,0 / FACTWD (TAF/mon --> ft~3/month)
1 / NSEWD
0 / NFQWD
/ DSSFL
C
C Urban Water Demand Data
o} (READ FRCM THIS FILE)
c
o} List the water demand data below, if it will not be read from a
C Dss file (i.e. DSSFL is left blank above).
<
C ITWD; Time
C WD Water demand; [L"3/T]
C
[o}
C ITWD WD(1) WD(2) WDi(3) ...
C
< 1 2 3 4 5 e 18 12 20 21
10/31/1921_24:00 0.2 0.4 0.2 0.1 0.7 1.1 0.2 0.3 1.1
11/30/1921_24:00 0.2 0.3 0.1 0.1 0.5 0.8 0.1 0.2 0.7
12/31/1921 24:00 0.2 0.3 0.2 0.1 0.5 e 0.7 0.1 0.2 0.7
01/31/1922_24:00 0.2 0.3 0.2 0.1 0.5 0.7 0.1 0.2 0.7
02/28/1922 24:00 0.1 0.3 0.1 0.1 0.5 0.6 0.1 0.2 0.6
03/31/1922:24:00 0,2 0,4 0,2 0,1 0,5 e 0,8 0,1 0,2 0,8
04/30/2009_24:00 2.8 2.5 1.0 0.5 6.0 PP 12.7 1.7 5.7 16.7
05/31/2009_24:00 11.5 5.2 1.5 0.7 11.1 - 16.9 2.4 7.9 22.2
06/30/2009_24:00 16.6 6.9 2.0 0.8 13.7 e 18.5 2.7 8.9 24.3
07/31/2009 24:00 17.7 7.4 2.1 0.9 14.8 e 19.3 2.8 9.2 25.3
08/31/2009:24:00 15.2 6.4 1.8 0.8 12.8 e 17.8 2.6 8.4 23,4
09/30/2009_24:00 13.1 5.7 1.6 0.7 11.5 e 14.4 2.0 6.6 19.0

Pathnames for Urban Water Demand Data
(READ FROM DSS FILE)

List the pathnames for the urban water demand data below, if it will be read
from a Dss file (i.e. DSSFL is specified above).

REC ; Time series record number
PATH ; Pathname for the time series reccrd

REC PATH

L e ReNsReNeNoRe e NoNe NeNoNy!
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8.3.12.5.d Urban Water Use Specifications Data File

This file is exactly the same as the Urban Water Use Specifications Data File for the
root zone component version 4.0. Refer to section 8.3.8.9.¢ for a detailed

explanation of this file.

8.3.12.6. Native and Riparian Vegetation Component Files

8.3.12.6.a Native and Riparian Vegetation Lands Main File
The Native and Riparian Vegetation Lands Main File is the gateway file for all data

that is necessary to simulate land surface and root zone flow processes in areas that
are covered with native and riparian vegetation.

The file is divided into several sections and uses the following variables:

Land-Use Areas
The filename for the native and riparian areas data file is listed in this section:
LUFLNVRV File that lists the urban areas (maximum 1000 characters)

Rooting Depths
FACT Conversion factor for native and riparian vegetation root zone
depths
ROOTNV Root zone depth for native vegetation; [L]
ROOTRV Root zone depth for riparian vegetation; [L]

Native and Riparian Vegetation Simulation Parameters
IR Subregion identification number entered sequentially; enter 0

if the following values are to be used for all subregions

CNNV Curve number for native vegetation lands for each soil type
simulated

CNRV Curve number for riparian vegetation lands for each soil type
simulated

ICETNV Native vegetation evapotranspiration rate; this number

corresponds to the appropriate data column in the

Evapotranspiration File listed in the IDC Main Input File

204 |  IWFM Demand Calculator, IDC-2015



IWFM Demand Calculator
IDC-2015

Running IDC

ICETRV Riparian vegetation evapotranspiration rate; this number
corresponds to the appropriate data column in the

Evapotranspiration File listed in the IDC Main Input File

Initial Soil Moisture Conditions
The initial soil moisture contents for native and riparian vegetation at each
subregion and soil type combination are listed in this section.
IR Subregion identification number; enter 0 if following values
are to be used for all elements
SOILM_NV Initial root zone moisture content for native vegetation at
subregion IR for each of the simulated soil types; [L/L]
SOILM_RV Initial root zone moisture content for riparian vegetation at

subregion IR for each of the simulated soil types; [L/L]
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INTEGRATED WATER FLOW MODEL (IWEM)
B R T L e R R R R L L s A ]
MATIVE AND RIPARIAN VEGETATION DATA FILE

Root Zone Component
*** Version 5.0 *¥**

Project: IDC Version ### Release

California Department of Water Resources

Filename: NativeVeg MAIN.dat

ek ek ko ke ok ko ik ok ke ok ok ke ke ke o ok

File Description

This data file contains the parameters and data file names for the simulation
of root zone processes for native and riparian vegetation.

L R L R L S S L e L SR T ]

Land Use Areas

File that lists the land use areas (max. 1000 characters)

NativeVeghArea.dat / LUFLNVRV

Sk kR

ek ok ko ok ko ok ko kb ke ko Rk ko ok ke ok Kk k

[of Rooting Depths
C
c FACT : Conversion factor for root zone depths
[o] ROOTNV; Native veg. root zone depth; [L)
c ROOTRV; Riparian veg. root zone depth; [L]
c
C
c VALUE DESCRIPTION
C
1.0 / FACT
5.0 / ROOTNV
5.0 / ROQTRV
R R R L T R L L R T T R e T T e
[+ Curve Numbers for Rainfall Runeoff Simulation
[
C Enter curve numbers for each subregion and sell-type combination for native
c and riparian vegetation.
c
C IR ; Subregicn ID (0 if following values are to be used for all subregions)
cC CHNNV ; Curve number for native wvegetation lands for each simulated
[of soil type (1 to NSOIL)
c CNRV } Curve number for riparian vegetation lands for each simulated
c soil type (1 to NSOIL)
[
c
c IR CNNV[1] CNNV[2] CNNV[3] CNNV[4] CNRV[1] CNRV[2] CNRV[3] CNRV[4]
C
1 81 84 90 94 a1 84 90 94
2 84 86 91 94 84 86 91 94
3 84 B6 9z 94 84 86 92 94
19 92 93 98 97 92 23 96 97
20 90 92 94 96 a0 92 94 96
21 94 96 a0 92 94 96

Sl ke hkkk bk hkdk

Kk dkk otk ok ok ok ko k kK k ok ok ko khk Rk kk ok Ak ko k kA k kA kA kR kR kd ok k kA Rk

Evapotranspiration (ETc)

The following lists the ETc column pointers for each subregion for native and
riparian vegetation.

Subregion ID (Enter 0 if following values are to be used for all subregions)

Native vegetation ETc - this number corresponds to the appropriate data column
in the ET data file listed in the Main Control Data file.

Riparian vegetation ETc - this number corresponds to the appropriate data column
in the ET data file listed in the Main Control Data file,

IR ICETNV ICETRV

[+
[o}
c
[+
C

[ IR i

C ICETNV ;
(o4

c ICETRV ;
(o}
c
C
[+}
C

1 16

2 33

3 50

19 322

20 339

1 356
Sk kb ok ok ke ok

17
34
51

323
340

357
ek oo ke ok ok ok ko ok ok ke ok ok ok ke ok ke ok ok ok

C Initial Soil Moisture Condition
(o For Native and Riparian Vegetation Areas
[+
[of IR H Subregicn ID (0 if following values are to be used for all subregions)
C  SOILM _NV; Initial root zome moisture content for native vegetation area for
[o] each soil type (1 to NSOIL); [L/L]
[+ SOILM RV} Initial roct zone moisture content for riparian vegetation area for
[o] - each soil type (1 to N3OIL); [L/L]
C
o2
c IR SOILM NV[1] SOILM RV[1]
C SOILM NV [2] SOILM RV[2]
c SOILM NV[3] SOILM RV[3]
C SOILM NV ([4] SOILM RV([4]
c
1 0.087 0.067
0.473 0.473
0.303 0.303
0.333 0.333
2 0.089 0.083
0.110 0.110
0.239 0.239
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8.3.12.6.b Native and Riparian Vegetation Area Data File

This file is exactly the same as the Native and Riparian Vegetation Area Data File for
the root zone component version 4.0. Refer to section 8.3.8.10.b for a detailed

explanation of this file.

8.4. Output Files

IDC produces several optional output files. In the Root Zone Component Main
File, the user can specify file names to which soil moisture as well as land and water
use budgets are printed for 4 main land-use types at each subregion. These files are
created in HDFS file format for run-time efficiency and to save computer storage
space. A post-processing tool, Budget, which is available for download from the IDC
web site and discussed later in this document is required to process these HDFS files
and create tables in ASCII text file format.

Root zone component versions 4.01, 4.11 and 5.0 also allow optional soil
moisture and land and water use budgets to be printed at each grid cell to HDF5
files. These files can then be post-processed using the Z-Budget tool for user-defined
cell groups, called zones, to generate budget tables for regions other than the pre-
defined subregions of the model domain. The Z-Budget tool, which is also available
for download from the IDC web site and discussed later in this document, creates
tables in ASCII text file format.

Alternatively, IWFM Tools Add-in for Excel 2007-2013 can be downloaded from
IWFM Support Tools page (http://baydeltaoffice.water.ca.gov/modeling/
hydrology/TWEFM/SupportTools/index SupportTools.cfm). This add-in allows
quick transfer of data stored in the IDC HDEFES output files into Excel for further
analysis.

Optionally, IDC can generate an end-of-simulation moisture content output file
that is already in ASCII text format. This file lists soil moisture for each land-use
type at each element for root zone component versions 4.0 through 4.11, and at
each subregion for version 5.0. The name for this file is specified in the Root Zone
Component Main File.

The soil moisture and land and water use budget files specified in the Root Zone
Component Main File stores information for 4 main land-use types at each

subregion. Budget information for individual crops is not stored in these files.
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Optionally, for versions 4.0 through 4.11, IDC can generate budget files for specific
non-ponded and ponded crops at each subregion. This can be achieved by
specifying crop codes and output file names in non-ponded and ponded parameter
files. As mentioned earlier, the generated files will be in HDFS file format and the
user will need either the Budget post-processor to process these files and generate
tables in ASCII text format or the IWFM Tools Add-in for Excel 2007-2013 to
transfer the data stored in these files to MS Excel. The usage of Budget post-
processor is explained later in this document. The user’s manual for the IWFM Tools
Add-in for Excel 2007-2013 is included with the tool itself.

In the following sections, a detailed explanation of the budget tables that are
produced by IDC and post-processed by the Budget post-processor is given.

8.4.1. Output Files for Root Zone Component Version 4.0

8.4.1.1. Subregional Land and Water Use Budget

The subregional land and water use budget HDFS file is generated by specifying a
proper filename in the Root Zone Component Main File. A budget table is
produced for each subregion listed for the LPRNT variable in the Budget Main
Input File. The title printed for each subregional land and water use budget includes
root zone component version number, subregion name given by the user, the unit of
data columns and the area of the subregion. All land and water use budget columns
are in volumetric units except Time, Agricultural Area and Urban Area. The output
units and conversion factors for area (UNITAROU and FACTAROU) and volume
(UNITVLOU and FACTVLOU) are specified by the user in the Budget Main
Input File.

The total agricultural and urban areas, as well as the agricultural potential
consumptive use of applied water and the water supply requirements are reported in
the output, followed by the components that the land and water use budget is
comprised of. For agricultural lands, potential consumptive use is the amount of
water needed to bring the soil moisture up to the irrigation target moisture (field
capacity, by default) after the effects of precipitation and generic moisture sources,
excluding the net return flow, are taken into account. The agricultural supply
requirement is the potential consumptive use of applied water plus the net return

flow.
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A positive or negative sign is given for each column that is a component of the
subregional land and water use. The Shortage column is the resulting balance, based
on water use components. A value of zero in this column indicates that the available
water supply (surface water deliveries, groundwater pumping and surface runoff
from upstream elements) meets the agricultural or urban supply requirements. A
positive value indicates that the supply is not a large enough quantity to satisfy water
requirements. Conversely, a negative value in the Shortage column signifies a water
supply surplus. The last three columns for agricultural areas are informational and
show the sources of water that are used in meeting the crop evapotranspirative
requirement.

The following table defines each column in the subregional land and water use

budget table printed out to a text file:

SUBREGIONAL LAND AND WATER USE BUDGET

Column No. | Column Name Description

1 Time Simulation date and time
Agricultural Area

2 Area Agricultural area

Applied water needed to increase the soil moisture to
3 Potential CUAW irrigation target moisture before taking into account
the net return flow

If agricultural water demands are computed
internally, this is the total amount of applied water

4 Agricultural Supply needed to increase the soil moisture to irrigation
Requirement target moisture plus the net return flow. If
agricultural water demands are specified, then this
term equals the pre-specified water demand.
: Portion of groundwater pumping that is used to

5 Pumping (-) gre pumping

meet the agricultural supply requirement
o Portion of the stream diversions that is used to meet

6 Deliveries (=) . :
the agricultural supply requirement
Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream

7 Inflow as Srfc. Runoff (-) 9 ) P

elements and subregions that is captured and used
to meet part of the agricultural supply requirement

Resulting water balance with respect to the
8 Shortage (=) agricultural supply requirements and actual water
supply specified in preceding columns

Amount of crop evapotranspiration that is met by
applied water (summation of pumping, deliveries and
captured surface runoff from upstream elements)
through current and previous irrigation events

9 ETAW
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Amount of crop evapotranspiration that is met by

10 Effective Preci . o
P current and previous precipitation events

Amount of crop evapotranspiration that is met by

1 ET from Other Sources generic water sources (e.g. lateral seepage, fog)
Urban Area

12 Area Urban area

13 Urban Supply Requirement | Sum of indoor and outdoor urban water demand

Portion of groundwater pumping that is used to

14 Pumping (-) meet the urban supply requirement

Portion of stream diversions that is used to meet the

15 Deliveries (-) .

urban supply requirement

Surface runoff (combination of rainfall runoff, and
16 Inflow as Srfc. Runoff (L) agricultural and urban return flow) from upstream

elements and subregions that is captured and used
to meet part of the urban supply requirement

Resulting water balance with respect to the urban
17 Shortage (=) supply requirements and actual water supply
specified in preceding columns

If a DSS file is used for print-out, the following pathnames are used:

Part A:
IWEM_L&W_USE_BUD
Part B:
TTT (SRXXX) where TTT is the name of the subregion and XXX is the
subregion number
Part C:
One of the following, depending on the output data:
i AREA
ii. VOLUME
Part D:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)

PartE:
Print-out interval for the subregional land and water use budget as specified
in the Budget Main Input File

Part F:
One of the following, depending on the output data (refer to the table above
for further details):

i. AG_AREA (corresponds to column 2 in text output file)
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ii. AG_POTNL_ CUAW (corresponds to column 3 in text output file)
iii. AG_SUP_REQ (corresponds to column 4 in text output file)

iv. AG_PUMPING (corresponds to column S in text output file)

v. AG_DELIVERY (corresponds to column 6 in text output file)

vi. AG_SR_INFLOW (corresponds to column 7 in text output file)
vii. AG_SHORTAGE (corresponds to column 8 in text output file)
viii. AG_ETAW (corresponds to column 9 in text output file)

ix. AG_EFF_PRECIP (corresponds to column 10 in text output file)
x. AG_ET_OTH (corresponds to column 11 in text output file)

xi. URB_AREA (corresponds to column 12 in text output file)

xii. URB_SUP_REQ (corresponds to column 13 in text output file)
xili. URB_PUMPING (corresponds to column 14 in text output file)
xiv. URB_DELIVERY (corresponds to column 15 in text output file)
xv. URB_SR_INFLOW (corresponds to column 16 in text output file)
xvi. URB_SHORTAGE (corresponds to column 17 in text output file)

8.4.1.2. Crop-Specific Land and Water Use Budget

The crop-specific land and water use budget HDFS files are generated by specifying
the individual crops and proper filenames in the non-ponded and ponded crops
section of the Root Zone Component Main File.

A budget table is produced for each subregion and crop combination listed for
the LPRNT variable in the Budget Main Input File. The indices for subregion and
crop combinations are arranged in the Root Zone Component such that crops are
listed first and subregions second. For instance, if S non-ponded crops are specified
for crop-specific land and water use budget output in a model with 2 subregions,
indices 1 through S represent crops 1 through 5 in subregion 1, indices 6 through 10
represent crops 1 through 5 in subregion 2, and indices 11 through 1S5 represent
crops 1 through S in the entire model domain. So, if LPRNT variable is set to {1, 7,
9}, budget tables for crop 1 in subregion 1 (index 1), crop 2 in subregion 2 (index 7)
and crop 4 in subregion 2 (index 9) will be printed.

The generated budget table is similar to that generated for the subregional land
and water use budget except that there is no information for urban lands. The title
printed for each crop-specific land and water use budget includes root zone

component version number, subregion name given by the user, the crop code, the
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unit of data columns and the area of the subregion. All land and water use budget
columns are in volumetric units except Time and Area. The output units and
conversion factors for area (UNITAROU and FACTAROU) and volume
(UNITVLOU and FACTVLOU) are specified by the user in the Budget Main
Input File.

The crop area, potential consumptive use of applied water and the supply
requirement are reported in the output, followed by the components that the crop-
specific land and water use budget is comprised of. A positive or negative sign is
given for each column that is a component of the crop-specific land and water use.
The Shortage column is the resulting balance, based on water use components. A
value of zero in this column indicates that the available water supply (surface water
deliveries, groundwater pumping and surface runoff from upstream elements) meets
the agricultural or urban supply requirements. A positive value indicates that the
supply is not a large enough quantity to satisfy water requirements. Conversely, a
negative value in the Shortage column signifies a water supply surplus. The last three
columns are informational and show the sources of water that are used in meeting
the crop evapotranspirative requirement. The following table defines each column

in the crop-specific land and water use budget table printed out to a text file:

CROP-SPECIFIC LAND AND WATER USE BUDGET

Column No. | Column Name Description
1 Time Simulation date and time
2 Area Crop area

Applied water needed to increase the soil moisture to
3 Potential CUAW irrigation target moisture before taking into account
the net return flow

If crop water demand is computed internally, this is
the total amount of applied water needed to increase

4 Agricultural Supply the soil moisture to irrigation target moisture plus the
Requirement net return flow. If crop water demand is specified,
then this term equals the pre-specified crop water
demand.
. Portion of groundwater pumping that is used to

5 Pumping (-) 9 pumping

meet the crop water supply requirement
o Portion of the stream diversions that is used to meet
6 Deliveries (-)

the crop water supply requirement
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Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream
elements and subregions that is captured and used
to meet part of the crop water supply requirement

7 Inflow as Srfc. Runoff (=)

Resulting water balance with respect to the crop
8 Shortage (=) water supply requirement and actual water supply
specified in preceding columns

Amount of crop evapotranspiration that is met by
applied water (summation of pumping, deliveries and
captured surface runoff from upstream elements)
through current and previous irrigation events

9 ETAW

Amount of crop evapotranspiration that is met by

10 Effective Preci . L
P current and previous precipitation events

Amount of crop evapotranspiration that is met by

11 ET from Other Sources .
generic water sources (e.g. lateral seepage, fog)

If a DSS file is used for print-out, the following pathnames are used:
Part A:
IWEM_L&W_USE_BUD
Part B:
TTT (SRXXX) YYwhere TTT is the name of the subregion, XXX is the

subregion number and YY'is the user-specified crop code

Part C:
One of the following, depending on the output data:
i. AREA
ii. VOLUME
PartD:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
PartE:
Print-out interval for the crop-specific land and water use budget as
specified in the Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i.  AREA (corresponds to column 2 in text output file)
ii. POTNL_CUAW (corresponds to column 3 in text output file)
iii. SUP_REQ (corresponds to column 4 in text output file)
iv. PUMPING (corresponds to column § in text output file)
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v.  DELIVERY (corresponds to column 6 in text output file)

vi. SR _INFLOW (corresponds to column 7 in text output file)
vii. SHORTAGE (corresponds to column 8 in text output file)
viii. ETAW (corresponds to column 9 in text output file)

ix. EFF_PRECIP (corresponds to column 10 in text output file)
x. ET_OTHER (corresponds to column 11 in text output file)

8.4.1.3. Subregional Root Zone Moisture Budget

The subregional root zone moisture budget is produced for each subregion listed for
processing in the Budget Main Input File. The title printed for each subregional root
zone moisture budget includes root zone component version number, subregion
name given by the user, the unit of data columns and the area of the subregion. The
output units are specified by the user in the Budget Main Input File.

The root zone moisture budget provides information on processes that are used
to compute soil moisture in the root zone. Agricultural areas represent the areas
where crops are located. Urban area includes indoor and outdoor urban areas and
the native and riparian lands represent the undeveloped area in the subregion. For
each area type (agricultural, urban, and native and riparian vegetation) precipitation
and irrigation (except for native and riparian vegetation areas) along with direct
runoff and return flows are listed. The Infiltration column is computed by adding the
Precipitation, Prime Applied Water and Inflow as Surface Runoff columns and
subtracting the Runoff and Net Return Flow columns. The following table describes

the columns in the subregional root zone moisture budget when printed out to a text

file:

SUBREGIONAL ROOT ZONE MOISTURE BUDGET
Column No. | Column Name Description
1 Time Simulation date and time
Agricultural Area
2 Area Agricultural area
3 Potential ET Potential evapotranspiration for agricultural lands
4 Precipitation Precipitation that falls on agricultural lands
5 RUNOff :Z;irzzcst runoff of precipitation that falls on agricultural
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6 Prime Applied Water

Amount of water applied as a summation of surface
water deliveries and pumping for irrigation purposes

7 Inflow as Surface Runoff

Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream
elements and subregions that is captured and used
for irrigation purposes

8 Reused Water

Amount of return flow that is captured and re-used
for irrigation

9 Net Return Flow

Net return flow of irrigation on agricultural lands
(after re-use)

10 Beginning Storage (+)

Root zone moisture in agricultural lands at the
beginning of time step

Net Gain from Land
Expansion (+)

The net moisture gained from other land use areas as
the area of agricultural lands increase (a negative
value represents loss of moisture due to the decrease
of agricultural area)

12 Infiltration (+)

Total infiltration on the agricultural lands; computed
as the summation of precipitation, prime applied
water and inflow as surface runoff less runoff and
net return flow

13 Other Inflow (+)

Moisture inflow from other generic moisture sources
such as lateral seepage

14 Pond Drain (-)

Drainage of rice and refuge ponds

15 Actual ET (-)

Actual evapotranspiration in agricultural lands

16 Percolation (-)

Percolation from the root zone which is the vertical
moisture outflow from the bottom of the root zone
in agricultural areas

17 Ending Storage (-)

Root zone moisture in agricultural lands at the end of
the time step computed as the summation of the
beginning storage and the net inflow into the root
zone

18 Discrepancy (=)

Mass balance error check for the moisture storage in
the root zone of agricultural lands

Urban Area

19 Area

Urban area

20 Potential ET

Potential evapotranspiration for urban lands

21 Precipitation Precipitation that falls on urban lands

22 Runoff Direct runoff of precipitation that falls on urban lands
Total amount of pumping and surface water

23 Prime Applied Water deliveries that is used to meet urban indoors and
outdoors water demand
Surface runoff (sum of rainfall runoff and return flow

)4 Inflow as Surface Runoff from agricultural and urban lands) from upstream

elements and subregions that is captured and used
to meet urban water demand
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The amount of return flow that is captured and re-

25 Reused Water
used on urban lands
Net return flow of applied water used for urban
26 Net Return Flow . Y W ppliedw . u
indoors and outdoors usage (after re-use)
27 Beginning Storage (+) Root zone moisture at the beginning of time step
The net moisture gained from other land use areas as
)8 Net Gain from Land the area of urban lands increase (a negative value
Expansion (+) represents loss of moisture due to the decrease of
urban area)
Total infiltration on the urban lands computed as the
. . summation of precipitation, prime applied water and
29 Infiltration (+) > I precipitation, pri ppied W
inflow as surface runoff less runoff and net return
flow
Moi inflow f h i i
30 Other Inflow (+) oisture inflow from other generic moisture sources
such as lateral seepage
31 Actual ET (-) Actual evapotranspiration in urban lands
Percolation from the root zone which is the vertical
32 Percolation (-) moisture outflow from the bottom of the root zone
in urban areas
Root zone moisture in urban lands at the end of the
. time step computed as the summation of the
33 — L . .
Ending Storage (-) beginning storage and the net inflow into the root
zone
. Mass balance error check for the moisture storage in
34 Discrepancy (=) 9

the root zone of urban lands

Native and Riparian Vegetation Area

35 Area Native and riparian vegetation area
. Potential evapotranspiration for native and riparian
36 |Potential ET 'al evap pirat V 'par
vegetation
L Precipitation that falls on areas with native and
37 Precipitation . .p .
riparian vegetation
Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream
38 Inflow as Surface Runoff 9 ) ) . b
elements and subregions that flows into the lands
with native and riparian vegetation
Direct runoff of precipitation that falls on areas with
39 Runoff I . . . .p Iprtatl . W
native and riparian vegetation
o Root zone moisture in areas with native and riparian
40 Beginning Storage (+) . - .
vegetation at the beginning of time step
The net moisture gained from other land use areas as
21 Net Gain from Land the area of native and riparian vegetation increase (a
Expansion (+) negative value represents loss of moisture due to the
decrease of native and riparian vegetation area)
Total infiltration on areas with native and riparian
42 Infiltration (+) vegetation; computed as the sum of precipitation

and inflow as surface runoff less runoff

Running IDC
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Moisture inflow from other generic moisture sources

43 Other Inflow (+)
such as lateral seepage

Actual evapotranspiration in areas with native and

44 - ipari i
Actual ET (-) riparian vegetation

Percolation from the root zone which is the vertical
45 Percolation (-) moisture outflow from the bottom of the root zone
in areas with native and riparian vegetation

Root zone moisture in areas with native and riparian
vegetation at the end of the time step; computed as
the summation of the beginning storage and the net
moisture inflow

46 Ending Storage (+)

Mass balance error check for the moisture storage in
47 Discrepancy (=) the root zone of lands with native and riparian
vegetation

If a DSS file is used for print-out, the following pathnames are used:
Part A:
IWEM_ROOTZN BUD
Part B:
TTT (SRXXX) where TTT is the name of the subregion and XXX is the

subregion number

Part C:
One of the following, depending on the output data:
i. AREA
ii. VOLUME
Part D:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
Part E:
Print-out interval for the subregional root zone moisture budget as specified
in the Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i AG_AREA (corresponds to column 2 in text output file)
ii. AG_POT_ET (corresponds to column 3 in text output file)
iii. '~ AG_PRECIP (corresponds to column 4 in text output file)
iv.. ' AG_RUNOFF (corresponds to column § in text output file)
V. AG_PRM_H2O0 (corresponds to column 6 in text output file)
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vii AG_SR_INFLOW (corresponds to column 7 in text output file)

vii. ~AG_RE-USE (corresponds to column 8 in text output file)

viii. AG_NT_ RTRN_FLOW (corresponds to column 9 in text output
file)

ix. =~ AG_BEGIN_STOR (corresponds to column 10 in text output file)

X. AG_GAIN_EXP (corresponds to column 11 in text output file)

xi.  AG_INFILTR (corresponds to column 12 in text output file)

xii. =~ AG_OTHER_INFLOW (corresponds to column 13 in text output
file)

xili. ~AG_DRAIN (corresponds to column 14 in text output file)

xiv. AG_ET (corresponds to column 15 in text output file)

xv.  AG_PERC (corresponds to column 16 in text output file)

xvi. AG_END_STOR (corresponds to column 17 in text output file)

xvii. AG_DISCREPANCY (corresponds to column 18 in text output
file)

xviii. URB_AREA (corresponds to column 19 in text output file)

xix. =~ URB_POT_ET (corresponds to column 20 in text output file)

xx.  URB_PRECIP (corresponds to column 21 in text output file)

xxi. URB_RUNOFF (corresponds to column 22 in text output file)

xxii. ~URB_PRM_H2O0 (corresponds to column 23 in text output file)

xxili. URB_SR_INFLOW (corresponds to column 24 in text output file)

xxiv. URB_RE-USE (corresponds to column 25§ in text output file)

xxv. URB_NT RTRN_FLOW (corresponds to column 26 in text
output file)

xxvi. URB_BEGIN_STOR (corresponds to column 27 in text output
file)

xxvii. URB_GAIN EXP (corresponds to column 28 in text output file)

xxviii. URB_INFILTR (corresponds to column 29 in text output file)

xxix. URB_OTHER_INFLOW (corresponds to column 30 in text
output file)

xxx. URB_ET (corresponds to column 31 in text output file)

xxxi. URB_PERC (corresponds to column 32 in text output file)

xxxii. URB_END_STOR (corresponds to column 33 in text output file)

xxxili. URB_DISCREPANCY (corresponds to column 34 in text output
file)
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xxxiv. NRV_AREA (corresponds to column 35 in text output file)

xxxv. NRV_POT_ET (corresponds to column 36 in text output file)

xxxvi. NRV_PRECIP (corresponds to column 37 in text output file)

xxxvii. NRV_SR_INFLOW (corresponds to column 38 in text output file)

xxxviii. NRV_RUNOEFF (corresponds to column 39 in text output file)

xxxix. NRV_BEGIN_STOR (corresponds to column 40 in text output
file)

xl.  NRV_GAIN EXP (corresponds to column 41 in text output file)

xli. NRV_INFILTR (corresponds to column 42 in text output file)

xlii. NRV_OTHER_INFLOW (corresponds to column 43 in text
output file)

xliii. NRV_ET (corresponds to column 44 in text output file)

xliv. NRV_PERC (corresponds to column 45 in text output file)

xlv. . NRV_END_STOR (corresponds to column 46 in text output file)

xlvi. NRV_DISCREPANCY (corresponds to column 47 in text output
file)

8.4.1.4. Crop-Specific Root Zone Moisture Budget

The crop-specific root zone moisture budget HDFS files are generated by specifying
the individual crops and proper filenames in the non-ponded and ponded crops
section of the Root Zone Component Main File.

A budget table is produced for each subregion and crop combination listed for
the LPRNT variable in the Budget Main Input File. The indices for subregion and
crop combinations are arranged in the Root Zone Component such that crops are
listed first and subregions second. For instance, if 5 non-ponded crops are specified
for crop-specific root zone moisture budget HDES output in a model with 2
subregions, indices 1 through 5 represent crops 1 through S in subregion 1, indices 6
through 10 represent crops 1 through § in subregion 2, and indices 11 through 15
represent crops 1 through 5 in the entire model domain. So, if LPRNT variable is set
to {1,7, 9}, budget tables for crop 1 in subregion 1 (index 1), crop 2 in subregion 2
(index 7) and crop 4 in subregion 2 (index 9) will be printed.
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The generated budget table is similar to that generated for the subregional root

zone moisture budget except that there is no information for urban lands, and areas

with native and riparian vegetation. The title printed for each crop-specific root zone

moisture budget includes root zone component version number, subregion name

given by the user, the crop code, the unit of data columns and the area of the

subregion.

The following table describes the columns in the crop-specific root zone

moisture budget when printed out to a text file:

IWFM Demand Calculator

IDC-2015

CROP-SPECIFIC ROOT ZONE MOISTURE BUDGET
Column No. | Column Name Description
1 Time Simulation date and time
Area Crop area
3 Potential ET Potential evapotranspiration for the specified crop
N Precipitation that falls on areas with the specified
4 Precipitation
crop
5 RUNOff Direct ru.n.off of precipitation that falls on areas with
the specified crop
6 Prime Applied Water Amount qf Water applied asa summatiqn of surface
water deliveries and pumping for irrigation purposes
Surface runoff (sum of rainfall runoff and return flow
7 Inflow as Surface Runoff from agricultural andl urban Iahds) from upstream
elements and subregions that is captured and used
for irrigation purposes
8 Reused Water Ampqnt Qf return flow that is captured and re-used
for irrigation
9 Net Return Flow Net rgturn flow of irrigation on areas with the
specified crop (after re-use)
10 Beginning Storage (+) Root zonelmgisture ih areas with the specified crop
at the beginning of time step
The net moisture gained from other land use areas as
1 Net Gain from Land the area of the specified crop increases (a negative
Expansion (+) value represents loss of moisture due to the decrease
of the crop area)
Total infiltration on areas with the specified crop;
N h i f ipitati i
12 Infiltration (+) computed as the sgmmatlon of precipitation, prime
applied water and inflow as surface runoff less runoff
and net return flow
13 Other Inflow (+) Moisture inflow from other generic moisture sources
such as lateral seepage
) Drainage of rice and refuge ponds; this column is
14 Pond Drain (-) 9 ) .g. P .
non-zero only if the specified crop is a ponded crop
15 Actual ET (-) Actual evapotranspiration of the specified crop

Running IDC
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Percolation from the root zone which is the vertical
16 Percolation (-) moisture outflow from the bottom of the crop root
zone

Root zone moisture in areas with the specified crop
at the end of the time step computed as the
summation of the beginning storage and the net
inflow into the root zone

17 Ending Storage (-)

Mass balance error check for the moisture storage in

18 Discrepancy (=) the root zone of the specified crop

If a DSS file is used for print-out, the following pathnames are used:
Part A:
IWFM_ROOTZN_BUD
Part B:
TTT (SRXXX) YYwhere TTT is the name of the subregion, XXX is the

subregion number and YY'is the crop code specified by the user

Part C:
One of the following, depending on the output data:
i. AREA
ii. VOLUME
Part D:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
Part E:
Print-out interval for the crop-specific root zone moisture budget as
specified in the Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i.  AREA (corresponds to column 2 in text output file)
ii. POT_ET (corresponds to column 3 in text output file)
iii. PRECIP (corresponds to column 4 in text output file)
iv. RUNOFF (corresponds to column § in text output file)
v. PRM_H2O0 (corresponds to column 6 in text output file)
SR_INFLOW (corresponds to column 7 in text output file)
vii. RE-USE (corresponds to column 8 in text output file)
viii. NET_RTRN_FLOW (corresponds to column 9 in text output file)
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ix. BEGIN_ STOR (corresponds to column 10 in text output file)

x.  GAIN EXP (corresponds to column 11 in text output file)

xi. INFILTR (corresponds to column 12 in text output file)

xii. OTHER_INFLOW (corresponds to column 13 in text output file)
xiti. DRAIN (corresponds to column 14 in text output file)

xiv. ET (corresponds to column 15 in text output file)

xv. PERC (corresponds to column 16 in text output file)

xvi. END_STOR (corresponds to column 17 in text output file)

xvii. DISCREPANCY (corresponds to column 18 in text output file)

8.4.2. Output Files for Root Zone Component Version 4.01

Root zone component version 4.01 can generate the same output files as version 4.0.
Refer to section 8.4.1 for a description of these files. Additionally it can generate the
land and water use as well as the root zone Z-Budget output files for element-level
budgets which can then be aggregated for groups of elements, called zones, using the

Z-Budget post-processing tool.

8.4.2.1. Land and Water Use Z-Budget

The Z-Budget tool allows printing of the land and water use budget tables to either
an ASCII text file or to a DSS file for each of the zones defined by the user. The
budget table for each zone includes a title that lists the version of the root zone
component that was used in the IDC run, the units of the budget flow terms as well
as the name and area of the zone.

The land and water use budget for each zone provides water demand and supply
information for non-ponded crops, rice, refuges and urban areas. The portions of the
evapotranspiration that are met by irrigation, source of water that meets the
evapotranspiration are also listed.

The following table defines each column in the land and water use budget table

printed out to a text file:
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LAND AND WATER USE Z-BUDGET

Column No. | Column Name Description

1 Time Simulation date and time

Non-Ponded Agricultural Area

2 Area Non-ponded agricultural area

Applied water needed to increase the soil moisture to
3 Potential CUAW irrigation target moisture for non-ponded crops
before taking into account the net return flow

If non-ponded crop water demands are computed
internally, this is the total amount of applied water
needed to increase the soil moisture to irrigation
target moisture plus the net return flow for non-
ponded crops. If non-ponded water demands are
specified, then this term equals the pre-specified
water demand.

Agricultural Supply
Requirement

Portion of groundwater pumping that is used to
5 Pumping (-) meet the non-ponded agricultural supply
requirement

Portion of the stream diversions that is used to meet

6 Deliveries (-) the non-ponded agricultural supply requirement

Surface runoff (combination of rainfall runoff, and

agricultural and urban return flow) from upstream

7 Inflow as Srfc. Runoff (-) elements and subregions that is captured and used
to meet part of the non-ponded agricultural supply
requirement

Resulting water balance with respect to the non-
8 Shortage (=) ponded agricultural supply requirements and actual
water supply specified in preceding columns

Amount of non-ponded crop evapotranspiration that
is met by applied water (summation of pumping,

9 ETAW deliveries and captured surface runoff from upstream
elements) through current and previous irrigation
events

Amount of non-ponded crop evapotranspiration that

10 Effective Preci . . o
P is met by current and previous precipitation events

Amount of non-ponded crop evapotranspiration that

11 ET from Other Sources is met by generic water sources (e.g. lateral seepage,
fog)
Rice Area
12 Area Total rice area

Applied water needed to increase the soil moisture to
13 Potential CUAW irrigation target moisture before taking into account
the net return flow

If rice water demands are computed internally, this is
Agricultural Supply the total amount of applied water needed to increase
Requirement the soil moisture to irrigation target moisture plus the
net return flow. If rice water demands are specified,

224 | IWFM Demand Calculator, IDC-2015



IWFM Demand Calculator
IDC-2015

Running IDC

then this term equals the pre-specified water
demand.

Portion of groundwater pumping that is used to

1> Pumping (-) meet the rice water supply requirement

Portion of the stream diversions that is used to meet

1 o . .
6 Deliveries (-) the rice water supply requirement

Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream
elements and subregions that is captured and used
to meet part of the rice water supply requirement

17 Inflow as Srfc. Runoff (-)

Resulting water balance with respect to the rice
18 Shortage (=) water supply requirements and actual water supply
specified in preceding columns

Amount of rice evapotranspiration that is met by
applied water (summation of pumping, deliveries and
captured surface runoff from upstream elements)
through current and previous irrigation events

19 ETAW

Amount of rice evapotranspiration that is met by

20 Effective Preci . o
P current and previous precipitation events

Amount of rice evapotranspiration that is met by

21 ET from Other Sources .
generic water sources (e.g. lateral seepage, fog)
Refuge Area
22 Area Total refuge area

Applied water needed to increase the soil moisture to
23 Potential CUAW irrigation target moisture in refuges before taking
into account the net return flow

If refuge water demands are computed internally,
this is the total amount of applied water needed to
Agricultural Supply increase the soil moisture to irrigation target
Requirement moisture plus the net return flow. If refuge water
demands are specified, then this term equals the pre-
specified water demand.

24

Portion of groundwater pumping that is used to

25 Pumping (-) meet the refuge water supply requirement

Portion of the stream diversions that is used to meet

26 Deliveries (-) the refuge water supply requirement

Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream
elements and subregions that is captured and used
to meet part of the refuge water supply requirement

27 Inflow as Srfc. Runoff (-)

Resulting water balance with respect to the refuge
28 Shortage (=) water supply requirements and actual water supply
specified in preceding columns

Amount of refuge evapotranspiration that is met by
applied water (summation of pumping, deliveries and
captured surface runoff from upstream elements)
through current and previous irrigation events

29 ETAW
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Amount of refuge evapotranspiration that is met by

30 Effective Preci . o
P current and previous precipitation events

Amount of refuge evapotranspiration that is met by

3 ET from Other Sources generic water sources (e.g. lateral seepage, fog)
Urban Area

32 Area Urban area

33 Urban Supply Requirement | Sum of indoor and outdoor urban water demand

Portion of groundwater pumping that is used to

34 Pumping (-) meet the urban supply requirement

Portion of stream diversions that is used to meet the

35 Deliveries (-) .

urban supply requirement

Surface runoff (combination of rainfall runoff, and
36 Inflow as Srfc. Runoff (L) agricultural and urban return flow) from upstream

elements and subregions that is captured and used
to meet part of the urban supply requirement

Resulting water balance with respect to the urban
37 Shortage (=) supply requirements and actual water supply
specified in preceding columns

If a DSS file is used for print-out, the following pathnames are used:
Part A:

IWEM_ZBUD
Part B:
ZONE: XXX where XXX is the zone number
Part C:
One of the following, depending on the output data:
i. AREA
ii. VOLUME
Part D:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)

PartE:
Print-out interval for the zonal land and water use budget as specified in the
Z-Budget Main Input File

Part F:
One of the following, depending on the output data (refer to the table above
for further details):

i. ~ NP_AG_AREA (corresponds to column 2 in text output file)
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ii. NP_AG POTNL_CUAW (corresponds to column 3 in text output
file)

iii. ~NP_AG_SUP_REQ (corresponds to column 4 in text output file)

iv. ' NP_AG_PUMPING (corresponds to column S in text output file)

v.  NP_AG_DELIVERY (corresponds to column 6 in text output file)

vi. NP_AG_SR_INFLOW (corresponds to column 7 in text output
file)

vii. NP_AG_SHORTAGE (corresponds to column 8 in text output file)

viii. NP_AG_ETAW (corresponds to column 9 in text output file)

ix. ~NP_AG_EFF_PRECIP (corresponds to column 10 in text output
file)

x. NP_AG_ET OTH (corresponds to column 11 in text output file)

xi. RICE_AREA (corresponds to column 12 in text output file)

xii. RICE_POTNL_CUAW (corresponds to column 13 in text output
file)

xiii. RICE_SUP_REQ (corresponds to column 14 in text output file)

xiv. RICE_PUMPING (corresponds to column 15 in text output file)

xv. RICE_DELIVERY (corresponds to column 16 in text output file)

xvi. RICE_SR_INFLOW (corresponds to column 17 in text output file)

xvii. RICE_SHORTAGE (corresponds to column 18 in text output file)

xviii. RICE_ETAW (corresponds to column 19 in text output file)

xix. RICE_EFF_PRECIP (corresponds to column 20 in text output file)

xx. RICE_ET_OTH (corresponds to column 21 in text output file)

xxi. REFUGE_AREA (corresponds to column 22 in text output file)

xxii. REFUGE_POTNL_CUAW (corresponds to column 23 in text
output file)

xxiii. REFUGE_SUP_REQ (corresponds to column 24 in text output
file)

xxiv. REFUGE_PUMPING (corresponds to column 2S5 in text output
file)

xxv. REFUGE_DELIVERY (corresponds to column 26 in text output
file)

xxvi. REFUGE_SR_INFLOW (corresponds to column 27 in text output
file)
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xxvii. REFUGE_SHORTAGE (corresponds to column 28 in text output
file)

xxviii. REFUGE_ETAW (corresponds to column 29 in text output file)

xxix. REFUGE_EFF_PRECIP (corresponds to column 30 in text output
file)

xxx. REFUGE_ET OTH (corresponds to column 31 in text output file)

xxxi. URB_AREA (corresponds to column 32 in text output file)

xxxii. URB_SUP_REQ (corresponds to column 33 in text output file)

xxxiii. URB_ PUMPING (corresponds to column 34 in text output file)

xxxiv. URB_DELIVERY (corresponds to column 35 in text output file)

xxxv. URB_SR_INFLOW (corresponds to column 36 in text output file)

xxxvi. URB_SHORTAGE (corresponds to column 37 in text output file)

8.4.2.2. Root Zone Moisture Z-Budget

The Z-Budget tool allows printing of the root zone budget tables to either an ASCII
text file or to a DSS file for each of the zones defined by the user. The budget table
for each zone includes a title that lists the version of the root zone component that
was used in the IDC run, the units of the budget flow terms as well as the name and
area of the zone.

The root zone moisture budget for each zone provides detailed inflow and
outflow terms to and from the root zone for non-ponded crops, rice, refuges and
urban areas as well as native and riparian vegetation araes. It also includes
precipitation, rainfall runoff, applied water and return flow for each zone.

The following table defines each column in the land and water use budget table

printed out to a text file:

ROOT ZONE MOISTURE Z-BUDGET

Column No. | Column Name Description

1 Time Simulation date and time

Non-Ponded Agricultural Area

2 Area Agricultural area

3 Potential ET Potential evapotranspiration for non-ponded crops
o Precipitation that falls on non-ponded agricultural

4 Precipitation 'priatl P gricultu

lands
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5 RUNOff Direct runoff of precipitation that falls on non-
ponded agricultural lands
6 Prime Applied Water Amount c?f Water applied asa summatpn of surface
water deliveries and pumping for irrigation purposes
Surface runoff (sum of rainfall runoff and return flow
7 Inflow as Surface RUNGFf from agricultural and. urban Iar.wds) from upstream
elements and subregions that is captured and used
for irrigation purposes
8 Reused Water Ampgnt gf return flow that is captured and re-used
for irrigation
9 Net Return Flow Net return flow of irrigation on non-ponded

agricultural lands (after re-use)

Root zone moisture in non-ponded agricultural lands

10 Beginning Storage (+) at the beginning of time step

The net moisture gained from other land use areas as
Net Gain from Land the area of non-ponded agricultural lands increase (a
Expansion (+) negative value represents loss of moisture due to the
decrease of non-ponded agricultural area)

Total infiltration on the non-ponded agricultural
lands; computed as the summation of precipitation,

12 Infiltration ! . .
ltration (+) prime applied water and inflow as surface runoff less
runoff and net return flow
Moisture inflow from other generic moisture sources
13 Other Inflow (+) sture intlow 9 ! st u
such as lateral seepage
14 Actual ET (-) Actual non-ponded crop evapotranspiration

Percolation from the root zone which is the vertical
15 Percolation (-) moisture outflow from the bottom of the root zone
in non-ponded agricultural areas

Root zone moisture in non-ponded agricultural lands
at the end of the time step computed as the
summation of the beginning storage and the net
inflow into the root zone

16 Ending Storage (-)

Mass balance error check for the moisture storage in

17 Discrepancy (=) the root zone of non-ponded agricultural lands
Rice Area

18 Area Rice area

19 Potential ET Potential evapotranspiration for rice

20 Precipitation Precipitation that falls on rice lands

21 Runoff Direct runoff of precipitation that falls on rice lands

2 rme e
Surface runoff (sum of rainfall runoff and return flow

’3 Inflow as Surface Runoff from agricultural and urban lands) from upstream

elements and subregions that is captured and used
for irrigation purposes
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)4 Reused Water Ampgnt Qf return flow that is captured and re-used
for irrigation
»5 Net Return Flow Net return flow of irrigation on rice lands (after re-
use)
. Root zone moisture in rice lands at the beginning of
26 Beginning Storage (+) 0ot pruren ginning
time step
The net moisture gained from other land use areas as
27 Net Gain from Land the area of rice lands increase (a negative value
Expansion (+) represents loss of moisture due to the decrease of
rice area)
Total infiltration on the rice lands; computed as the
)8 Infiltration (+) §ummation of precipitation, prime applied water and
inflow as surface runoff less runoff and net return
flow
Moisture inflow from other generic moisture sources
29 Other Inflow (+) pture intiow 9 ! s !
such as lateral seepage
30 Pond Drain (-) Drainage of rice ponds
31 Actual ET (-) Actual rice evapotranspiration
Percolation from the root zone which is the vertical
32 Percolation (-) moisture outflow from the bottom of the root zone
in rice lands
Root zone moisture in rice lands at the end of the
. time step computed as the summation of the
33 - . . .
Ending Storage (-) beginning storage and the net inflow into the root
zone
34 Discrepancy (=) Mass balance error check for the moisture storage in
pancy = the root zone of rice lands
Refuge Area
35 Area Refuge area
36 Potential ET Potential evapotranspiration for refuges
37 Precipitation Precipitation that falls on refuges
38 Runoff Direct runoff of precipitation that falls on refuges
. . Amount of water applied as a summation of surface
39 Prime Applied Water o bp . o
water deliveries and pumping for irrigation purposes
Surface runoff (sum of rainfall runoff and return flow
40 Inflow as Surface Runoff from agricultural and. urban Iar}ds) from upstream
elements and subregions that is captured and used
for irrigation purposes
A f fl hati -
21 Reused Water mpqntq return flow that is captured and re-used
for irrigation
42 Net Return Flow Net return flow of irrigation on refuges (after re-use)
. Root zone moisture in refuges at the beginning of
43 Beginning Storage (+) . 9 9 9
time step
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Net Gain from Land

The net moisture gained from other land use areas as
the area of refuges increase (a negative value

44 . .
Expansion (+) represents loss of moisture due to the decrease of
refuge area)
Total infiltration in the refuges; computed as the
. . summation of precipitation, prime applied water and
45 Infiltration (+) ! I preciprtation, pri ppiied w
inflow as surface runoff less runoff and net return
flow
Moi inflow f h i i
46 Other Inflow (+) oisture inflow from other generic moisture sources
such as lateral seepage
47 Pond Drain (-) Drainage of refuge ponds
48 Actual ET (=) Actual refuge evapotranspiration
Percolation from the root zone which is the vertical
49 Percolation (-) moisture outflow from the bottom of the root zone
in refuges
Root zone moisture in refuges at the end of the time
50 Ending Storage (-) step computed as the summation of the beginning
storage and the net inflow into the root zone
. Mass balance error check for the moisture storage in
51 Discrepancy (=)
the root zone of refuges
Urban Area
52 Area Urban area
53 Potential ET Potential evapotranspiration for urban lands
54 Precipitation Precipitation that falls on urban lands
55 Runoff Direct runoff of precipitation that falls on urban lands
Total amount of pumping and surface water
56 Prime Applied Water deliveries that is used to meet urban indoors and
outdoors water demand
Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream
57 Inflow as Surface Runoff gricuttu | ) ) up
elements and subregions that is captured and used
to meet urban water demand
5g Reused Water The amount of return flow that is captured and re-
used on urban lands
59 Net Return Flow Net return flow of applied water used for urban
indoors and outdoors usage (after re-use)
60 Beginning Storage (+) Root zone moisture at the beginning of time step
The net moisture gained from other land use areas as
61 Net Gain from Land the area of urban lands increase (a negative value
Expansion (+) represents loss of moisture due to the decrease of
urban area)
Total infiltration on the urban lands computed as the
. . summation of precipitation, prime applied water and
62 Infiltration (+) u ! preciprtation, pri pplied w

inflow as surface runoff less runoff and net return
flow

Running IDC
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63

Other Inflow (+)

Moisture inflow from other generic moisture sources
such as lateral seepage

64

Actual ET (-)

Actual evapotranspiration in urban lands

65

Percolation (=)

Percolation from the root zone which is the vertical
moisture outflow from the bottom of the root zone
in urban areas

66

Ending Storage (-)

Root zone moisture in urban lands at the end of the
time step computed as the summation of the
beginning storage and the net inflow into the root
zone

67

Discrepancy (=)

Mass balance error check for the moisture storage in
the root zone of urban lands

Native and Riparian Vegetation Area

68

Area

Native and riparian vegetation area

69

Potential ET

Potential evapotranspiration for native and riparian
vegetation

70

Precipitation

Precipitation that falls on areas with native and
riparian vegetation

71

Inflow as Surface Runoff

Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream
elements and subregions that flows into the lands
with native and riparian vegetation

72

Runoff

Direct runoff of precipitation that falls on areas with
native and riparian vegetation

73

Beginning Storage (+)

Root zone moisture in areas with native and riparian
vegetation at the beginning of time step

74

Net Gain from Land
Expansion (+)

The net moisture gained from other land use areas as
the area of native and riparian vegetation increase (a
negative value represents loss of moisture due to the
decrease of native and riparian vegetation area)

75

Infiltration (+)

Total infiltration on areas with native and riparian
vegetation; computed as the sum of precipitation
and inflow as surface runoff less runoff

76

Other Inflow (+)

Moisture inflow from other generic moisture sources
such as lateral seepage

77

Actual ET (-)

Actual evapotranspiration in areas with native and
riparian vegetation

78

Percolation (=)

Percolation from the root zone which is the vertical
moisture outflow from the bottom of the root zone
in areas with native and riparian vegetation

79

Ending Storage (+)

Root zone moisture in areas with native and riparian
vegetation at the end of the time step; computed as
the summation of the beginning storage and the net
moisture inflow

80

Discrepancy (=)

Mass balance error check for the moisture storage in
the root zone of lands with native and riparian
vegetation
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If a DSS file is used for print-out, the following pathnames are used:
Part A:

IWEM_ZBUD
Part B:

ZONE:XXX where XXX is the zone number

Part C:
One of the following, depending on the output data:
i AREA
il VOLUME
PartD:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
PartE:
Print-out interval for the zonal root zone budget as specified in the Z-
Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i NP _AG_AREA (corresponds to column 2 in text output file)
ii. NP_AG_POT_ET (corresponds to column 3 in text output file)
iii. " NP_AG_PRECIP (corresponds to column 4 in text output file)
iv. . NP_AG_RUNOFF (corresponds to column § in text output file)
V. NP_AG_PRM_H20 (corresponds to column 6 in text output file)
i NP_AG_SR_INFLOW (corresponds to column 7 in text output
file)
vii. =~ NP_AG_RE-USE (corresponds to column 8 in text output file)
viii. NP_AG_NT RTRN_FLOW (corresponds to column 9 in text

output file)

ix. =~ NP_AG BEGIN_STOR (corresponds to column 10 in text output
file)

X. NP_AG_GAIN_EXP (corresponds to column 11 in text output
file)

xi.  NP_AG_INFILTR (corresponds to column 12 in text output file)
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xiii.

Xiv.

Xvil.

Xviii.

xxii.

xxiii.

XXiv.

XxXvii.

XXViii.

Xxxii.

Xxxiii.

XXXIV.

XXXVil.

NP_AG_OTHER_INFLOW (corresponds to column 13 in text
output file)

NP _AG_ET (corresponds to column 14 in text output file)
NP_AG_PERC (corresponds to column 15 in text output file)
NP_AG_END_STOR (corresponds to column 16 in text output
file)

NP_AG_DISCREPANCY (corresponds to column 17 in text
output file)

RICE_AREA (corresponds to column 18 in text output file)
RICE_POT _ET (corresponds to column 19 in text output file)
RICE_PRECIP (corresponds to column 20 in text output file)
RICE_RUNOFF (corresponds to column 21 in text output file)
RICE_PRM_H20 (corresponds to column 22 in text output file)
RICE_SR_INFLOW (corresponds to column 23 in text output
file)

RICE_RE-USE (corresponds to column 24 in text output file)
RICE_NT RTRN_FLOW (corresponds to column 2S5 in text
output file)

RICE_BEGIN_STOR (corresponds to column 26 in text output
file)

RICE_GAIN EXP (corresponds to column 27 in text output file)
RICE_INFILTR (corresponds to column 28 in text output file)
RICE_OTHER _INFLOW (corresponds to column 29 in text
output file)

RICE_DRAIN (corresponds to column 30 in text output file)
RICE_ET (corresponds to column 31 in text output file)
RICE_PERC (corresponds to column 32 in text output file)
RICE_END_STOR (corresponds to column 33 in text output file)
RICE_DISCREPANCY (corresponds to column 34 in text output
file)

REFUGE_AREA (corresponds to column 35 in text output file)
REFUGE_POT _ET (corresponds to column 36 in text output file)
REFUGE_PRECIP (corresponds to column 37 in text output file)
REFUGE_RUNOFF (corresponds to column 38 in text output
file)
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xxxviii. REFUGE_PRM_H2O0 (corresponds to column 39 in text output
file)

xxxix. REFUGE_SR_INFLOW (corresponds to column 40 in text output
file)

xl.  REFUGE_RE-USE (corresponds to column 41 in text output file)

xli. REFUGE _NT RTRN_ FLOW (corresponds to column 42 in text

output file)

xlii. REFUGE_BEGIN_STOR (corresponds to column 43 in text
output file)

xliii. REFUGE_GAIN_ EXP (corresponds to column 44 in text output
file)

xliv. REFUGE_INFILTR (corresponds to column 4S5 in text output file)

xlv. REFUGE_OTHER_INFLOW (corresponds to column 46 in text
output file)

xlvi. REFUGE_DRAIN (corresponds to column 47 in text output file)

xlvii. REFUGE_ET (corresponds to column 48 in text output file)

xlviii. REFUGE_PERC (corresponds to column 49 in text output file)

xlix. ' REFUGE_END_STOR (corresponds to column 50 in text output
file)

L. REFUGE_DISCREPANCY (corresponds to column 51 in text
output file)

li. URB_AREA (corresponds to column 52 in text output file)

li.  URB_POT_ET (corresponds to column 53 in text output file)

liii. URB_PRECIP (corresponds to column 54 in text output file)

liv.© URB_RUNOFF (corresponds to column S5 in text output file)

Iv. URB_PRM_H20 (corresponds to column 56 in text output file)

Ivi. ~URB_SR_INFLOW (corresponds to column 57 in text output file)

lvii. URB_RE-USE (corresponds to column 58 in text output file)

lviii. URB_NT RTRN_FLOW (corresponds to column 59 in text
output file)

lix. ' URB_BEGIN_STOR (corresponds to column 60 in text output

file)

URB_GAIN EXP (corresponds to column 61 in text output file)

Ixi. URB_INFILTR (corresponds to column 62 in text output file)

=)
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Ixii. URB_OTHER_INFLOW (corresponds to column 63 in text
output file)

Ixili. URB_ET (corresponds to column 64 in text output file)

Ixiv. URB_PERC (corresponds to column 65 in text output file)

Ixv.. URB_END_STOR (corresponds to column 66 in text output file)

Ixvi. URB_DISCREPANCY (corresponds to column 67 in text output
file)

Ixvii. NRV_AREA (corresponds to column 68 in text output file)

Ixviii. NRV_POT_ET (corresponds to column 69 in text output file)

Ixix. ' NRV_PRECIP (corresponds to column 70 in text output file)

Ixx. =~ NRV_SR_INFLOW (corresponds to column 71 in text output file)

Ixxi. NRV_RUNOFF (corresponds to column 72 in text output file)

Ixxii. NRV_BEGIN_STOR (corresponds to column 73 in text output
file)

Ixxiii. NRV_GAIN EXP (corresponds to column 74 in text output file)

Ixxiv. NRV_INFILTR (corresponds to column 75 in text output file)

Ixxv. NRV_OTHER_INFLOW (corresponds to column 76 in text
output file)

Ixxvi. NRV_ET (corresponds to column 77 in text output file)

Ixxvii. NRV_PERC (corresponds to column 78 in text output file)

Ixxviii. NRV_END_STOR (corresponds to column 79 in text output file)

Ixxix. NRV_DISCREPANCY (corresponds to column 80 in text output
file)

8.4.3. Output Files for Root Zone Component Version 4.1

Since root zone component version 4.1 simulates root water uptake from
groundwater and riparian vegetation access to stream flows in addition to other flow
processes simulated in version 4.1, budget output files for version 4.1 have several
additional data columns. Other data columns are the same as those in version 4.0
and are already explained in detail in section 8.4.1. Therefore, only the additional

data columns that appear in version 4.1 will be explained in the following sections.
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8.4.3.1. Subregional Land and Water Use Budget

In root zone component version 4.1, groundwater can meet all or a portion of the
plant evapotranspirative demand. For agricultural areas, the portion of the total
evapotranspiration that is met by groundwater is listed along with the other possible
moisture sources; namely, irrigation, precipitation and generic moisture source.
The following table defines each column in the subregional land and water use

budget table for root zone component version 4.1 when printed out to a text file:

SUBREGIONAL LAND AND WATER USE BUDGET

Column No. | Column Name Description

1 Time Simulation date and time
Agricultural Area

2 Area Agricultural area

Applied water needed to increase the soil moisture to
3 Potential CUAW irrigation target moisture before taking into account
the net return flow

If agricultural water demands are computed
internally, this is the total amount of applied water

4 Agricultural Supply needed to increase the soil moisture to irrigation
Requirement target moisture plus the net return flow. If
agricultural water demands are specified, then this
term equals the pre-specified water demand.
. Portion of groundwater pumping that is used to

5 Pumping (-) gre pumping

meet the agricultural supply requirement
. Portion of the stream diversions that is used to meet

6 Deliveries (-) . .
the agricultural supply requirement
Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream

7 Inflow as Srfc. Runoff () 9 ) P

elements and subregions that is captured and used
to meet part of the agricultural supply requirement

Resulting water balance with respect to the
8 Shortage (=) agricultural supply requirements and actual water
supply specified in preceding columns

Amount of crop evapotranspiration that is met by
applied water (summation of pumping, deliveries and
captured surface runoff from upstream elements)
through current and previous irrigation events

9 ETAW

Amount of crop evapotranspiration that is met by

10 Effective Preci . L
v P current and previous precipitation events

Amount of crop evapotranspiration that is met by

1 ET from Groundwater
groundwater
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Amount of crop evapotranspiration that is met by

12 ET from Other Sources generic water sources (e.g. lateral seepage, fog)
Urban Area

13 Area Urban area

14 Urban Supply Requirement | Sum of indoor and outdoor urban water demand

Portion of groundwater pumping that is used to

15 Pumping (-) meet the urban supply requirement

Portion of stream diversions that is used to meet the

16 Deliveries (-) urban supply requirement

Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream
elements and subregions that is captured and used
to meet part of the urban supply requirement

17 Inflow as Srfc. Runoff (-)

Resulting water balance with respect to the urban
18 Shortage (=) supply requirements and actual water supply
specified in preceding columns

If a DSS file is used for print-out, the following pathnames are used:
Part A:
IWFM_L&W _USE_BUD
Part B:
TTT (SRXXX) where TTT is the name of the subregion and XXX is the

subregion number

Part C:
One of the following, depending on the output data:
i. AREA
ii. VOLUME
PartD:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
PartE:
Print-out interval for the subregional land and water use budget as specified
in the Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i.  AG_AREA (corresponds to column 2 in text output file)
ii. AG_POTNL CUAW (corresponds to column 3 in text
output file)
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iii. ~AG _SUP_REQ (corresponds to column 4 in text output
file)

iv.. ' AG_PUMPING (corresponds to column § in text output
file)

v.  AG_DELIVERY (corresponds to column 6 in text output
file)

vi. AG_SR_INFLOW (corresponds to column 7 in text output
file)

vii. AG_SHORTAGE (corresponds to column 8 in text output
file)

viii. AG_ETAW (corresponds to column 19 in text output file)

ix. ~AG_EFF_PRECIP (corresponds to column 10 in text
output file)

x. AG_ET_GW (corresponds to column 11 in text output file)

xi. AG_ET_ OTH (corresponds to column 12 in text output
file)

xii. URB_AREA (corresponds to column 13 in text output file)

xiti. URB_SUP_REQ (corresponds to column 14 in text output
file)

xiv. URB_PUMPING (corresponds to column 15 in text output
file)

xv. URB_DELIVERY (corresponds to column 16 in text output
file)

xvi. URB_SR_INFLOW (corresponds to column 17 in text
output file)

xvii. URB_SHORTAGE (corresponds to column 18 in text
output file)

8.4.3.2. Crop-Specific Land and Water Use Budget

In addition to the output columns listed and explained for root zone component
version 4.0 in section 8.4.1.2, the portion of plant evapotranspirative demand that is

met by groundwater is listed for user-specified ponded and non-ponded crops. The
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following table defines each column in the crop-specific land and water use budget

table printed out to a text file:

CROP-SPECIFIC LAND AND WATER USE BUDGET
Column No.| Column Name Description

1 Time Simulation date and time

2 Area Crop area
Applied water needed to increase the soil moisture to

3 Potential CUAW irrigation target moisture before taking into account
the net return flow
If crop water demand is computed internally, this is
the total amount of applied water needed to increase

4 Agricultural Supply the soil moisture to irrigation target moisture plus the

Requirement net return flow. If crop water demand is specified,

then this term equals the pre-specified crop water
demand.

5 Pumping () Portion of groundwater pumping that is used to
meet the crop water supply requirement

. Portion of the stream diversions that is used to meet

6 Deliveries (=) .
the crop water supply requirement
Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream

/ Inflow as Srfc. Runoff (-) elements and subregions that is captured and used
to meet part of the crop water supply requirement
Resulting water balance with respect to the crop

8 Shortage (=) water supply requirement and actual water supply
specified in preceding columns
Amount of crop evapotranspiration that is met by
applied water (summation of pumping, deliveries and

9 ETAW
captured surface runoff from upstream elements)
through current and previous irrigation events

10 Effective Precip Amount of crop .evapotrahslpirz.jtion that is met by
current and previous precipitation events

1 ET from Groundwater Amount of crop evapotranspiration that is met by
groundwater

12 ET from Other Sources Amoulnt of crop evapotranspiration that is met by
generic water sources (e.g. lateral seepage, fog)

If a DSS file is used for print-out, the following pathnames are used:

Part A:
IWFM_L&W USE BUD
Part B:

TTT (SRXXX) YYwhere TTT is the name of the subregion, XXX is the

subregion number and YY is the user-specified crop code
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Part C:
One of the following, depending on the output data:
i. AREA
ii. VOLUME
Part D:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
PartE:
Print-out interval for the crop-specific land and water use budget as
specified in the Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i.  AREA (corresponds to column 2 in text output file)
ii. ~POTNL_CUAW (corresponds to column 3 in text output file)
iii. ~SUP_REQ (corresponds to column 4 in text output file)
iv. ~ PUMPING (corresponds to column S in text output file)
v.  DELIVERY (corresponds to column 6 in text output file)
vi.  SR_INFLOW (corresponds to column 7 in text output file)
vii. SHORTAGE (corresponds to column 8 in text output file)
viii. ETAW (corresponds to column 9 in text output file)
ix. ~ EFF_PRECIP (corresponds to column 10 in text output file)
x.  ET_GW (corresponds to column 11 in text output file)
xi. ET_OTHER (corresponds to column 12 in text output file)

8.4.3.3. Subregional Root Zone Moisture Budget

In addition to the output columns listed in section 8.4.1.3, several additional data
columns appear in the budget output tables for root zone component version 4.1 to
account for the effects of root water uptake from groundwater and riparian
vegetation access to stream flow to meet part or all of the riparian evapotranspirative
demand. The following table describes the columns in the subregional root zone

moisture budget when printed out to a text file:
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SUBREGIONAL ROOT ZONE MOISTURE BUDGET

Column No. | Column Name Description
1 Time Simulation date and time
Agricultural Area
2 Area Agricultural area
3 Potential ET Potential evapotranspiration for agricultural lands
4 Precipitation Precipitation that falls on agricultural lands
5 RUNOff Direct runoff of precipitation that falls on agricultural
lands
. . Amount of water applied as a summation of surface
6 Prime Applied Water o bp . o
water deliveries and pumping for irrigation purposes
Surface runoff (sum of rainfall runoff and return flow
7 Inflow as Surface Runoff from agricultural andl urban Iahds) from upstream
elements and subregions that is captured and used
for irrigation purposes
8 Reused Water Ampqnt Qf return flow that is captured and re-used
for irrigation
9 Net Return Flow Net return flow of irrigation on agricultural lands

(after re-use)

Root zone moisture in agricultural lands at the

10 Beginning Storage (+) beginning of time step

The net moisture gained from other land use areas as
Net Gain from Land the area of agricultural lands increase (a negative
Expansion (+) value represents loss of moisture due to the decrease
of agricultural area)

Total infiltration on the agricultural lands; computed
as the summation of precipitation, prime applied

12 Infiltration (+ .
) water and inflow as surface runoff less runoff and
net return flow
Portion of the actual agricultural evapotranspiration
13 Groundwater Inflow (+) 9 P P

that is met by groundwater

Moisture inflow from other generic moisture sources

14 Other Inflow (+)
such as lateral seepage

15 Pond Drain (-) Drainage of rice and refuge ponds

16 Actual ET (-) Actual evapotranspiration in agricultural lands

Percolation from the root zone which is the vertical
17 Percolation (-) moisture outflow from the bottom of the root zone
in agricultural areas

Root zone moisture in agricultural lands at the end of
the time step computed as the summation of the
beginning storage and the net inflow into the root
zone

18 Ending Storage (-)

Mass balance error check for the moisture storage in

19 Di = .
iscrepancy (=) the root zone of agricultural lands
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Urban Area
20 Area Urban area
21 Potential ET Potential evapotranspiration for urban lands
22 Precipitation Precipitation that falls on urban lands
23 Runoff Direct runoff of precipitation that falls on urban lands

Total amount of pumping and surface water
24 Prime Applied Water deliveries that is used to meet urban indoors and
outdoors water demand

Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream

25 Inflow as Surface Runoff ) .
elements and subregions that is captured and used
to meet urban water demand
% Reused Water The amount of return flow that is captured and re-
used on urban lands
27 Net Return Flow Net return flow of applied water used for urban
indoors and outdoors usage (after re-use)
28 Beginning Storage (+) Root zone moisture at the beginning of time step
The net moisture gained from other land use areas as
9 Net Gain from Land the area of urban lands increase (a negative value
Expansion (+) represents loss of moisture due to the decrease of
urban area)
Total infiltration on the urban lands computed as the
o . p L . i
30 Infiltration (+) §ummat|on of precipitation, prime applied water and
inflow as surface runoff less runoff and net return
flow
Portion of the actual urban evapotranspiration that is
31 Groundwater Inflow (+) P P

met by groundwater

Moisture inflow from other generic moisture sources

32 Other Inflow (+) such as lateral seepage

33 Actual ET (-) Actual evapotranspiration in urban lands

Percolation from the root zone which is the vertical
34 Percolation (=) moisture outflow from the bottom of the root zone
in urban areas

Root zone moisture in urban lands at the end of the
time step computed as the summation of the
beginning storage and the net inflow into the root
zone

35 Ending Storage (-)

Mass balance error check for the moisture storage in

36 Discrepancy (=) the root zone of urban lands

Native & Riparian Vegetation Area

37 Area Native and riparian vegetation area

Total potential evapotranspiration for native and

38 Potential ET . .
riparian vegetation
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39

Precipitation

Precipitation that falls on areas with native and
riparian vegetation

40

Inflow as Surface Runoff

Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream
elements and subregions that flows into the lands
with native and riparian vegetation

41

Runoff

Direct runoff of precipitation that falls on areas with
native and riparian vegetation

42

Beginning Storage (+)

Root zone moisture in areas with native and riparian
vegetation at the beginning of time step

43

Net Gain from Land
Expansion (+)

The net moisture gained from other land use areas as
the area of native and riparian vegetation increase (a
negative value represents loss of moisture due to the
decrease of native and riparian vegetation area)

44

Infiltration (+)

Total infiltration on areas with native and riparian
vegetation; computed as the sum of precipitation
and inflow as surface runoff less runoff

45

Groundwater Inflow (+)

Portion of the actual native and riparian vegetation
evapotranspiration that is met by groundwater

46

Other Inflow (+)

Moisture inflow from other generic moisture sources
such as lateral seepage

47

Stream Inflow for ET (+)

Portion of the actual riparian vegetation
evapotranspiration that is met by stream flows

48

Actual ET (-)

Actual evapotranspiration in areas with native and
riparian vegetation

49

Percolation (-)

Percolation from the root zone which is the vertical
moisture outflow from the bottom of the root zone
in areas with native and riparian vegetation

50

Ending Storage (-)

Root zone moisture in areas with native and riparian
vegetation at the end of the time step; computed as
the summation of the beginning storage and the net
moisture inflow

51

Discrepancy (=)

Mass balance error check for the moisture storage in
the root zone of lands with native and riparian
vegetation

If a DSS file is used for print-out, the following pathnames are used:

Part A:

IWEM_ROOTZN BUD

Part B:

TTT (SRXXX) where TTT is the name of the subregion and XXX is the

subregion number

Part C:

One of the following, depending on the output data:
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i. AREA
ii. VOLUME
Part D:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
Part E:
Print-out interval for the subregional root zone moisture budget as specified
in the Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i AG_AREA (corresponds to column 2 in text output file)
ii. AG_POT _ET (corresponds to column 3 in text output file)
iii. AG_PRECIP (corresponds to column 4 in text output file)
iv. AG_RUNOFF (corresponds to column § in text output file)
V. AG_PRM_H20 (corresponds to column 6 in text output file)
Vvi. AG_SR_INFLOW (corresponds to column 7 in text output file)
vii. AG_RE-USE (corresponds to column 8 in text output file)
vili. AG_NT RTRN_FLOW (corresponds to column 9 in text output

file)

ix. AG_BEGIN_STOR (corresponds to column 10 in text output
file)

X. AG_GAIN_EXP (corresponds to column 11 in text output file)

xi. AG_INFILTR (corresponds to column 12 in text output file)

xii. AG_GW_INFLOW (corresponds to column 13 in text output
file)

xili. =~ AG_OTHER_INFLOW (corresponds to column 14 in text
output file)

xiv.  AG_DRAIN (corresponds to column 15 in text output file)

XV. AG_ET (corresponds to column 16 in text output file)

xvi.  AG_PERC (corresponds to column 17 in text output file)

xvii. ~AG_END_STOR (corresponds to column 18 in text output file)

xviii. ~AG_DISCREPANCY (corresponds to column 19 in text output
file)

Xix. URB_AREA (corresponds to column 20 in text output file)
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XX. URB_POT ET (corresponds to column 21 in text output file)

Xxi. URB_PRECIP (corresponds to column 22 in text output file)

xxii. =~ URB_RUNOFF (corresponds to column 23 in text output file)

xxili. URB_PRM_H2O (corresponds to column 24 in text output file)

xxiv. URB_SR_INFLOW (corresponds to column 25 in text output
file)

xxv.  URB_RE-USE (corresponds to column 26 in text output file)

xxvi. URB_NT_RTRN_FLOW (corresponds to column 27 in text
output file)

xxvii. URB_BEGIN_STOR (corresponds to column 28 in text output
file)

xxviii. URB_GAIN EXP (corresponds to column 29 in text output file)

xxix. ~ URB_INFILTR (corresponds to column 30 in text output file)

xxx. ~URB_GW_INFLOW (corresponds to column 31 in text output
file)

xxxi. URB_OTHER_INFLOW (corresponds to column 32 in text
output file)

xxxii. URB_ET (corresponds to column 33 in text output file)

xxxiii. URB_PERC (corresponds to column 34 in text output file)

xxxiv. URB_END_STOR (corresponds to column 35 in text output file)

xxxv. URB_DISCREPANCY (corresponds to column 36 in text output
file)

xxxvi. NRV_AREA (corresponds to column 37 in text output file)

xxxvii. NRV_POT ET (corresponds to column 38 in text output file)

xxxviii. NRV_PRECIP (corresponds to column 39 in text output file)

xxxix. NRV_SR_INFLOW (corresponds to column 40 in text output
file)

xl. NRV_RUNOFF (corresponds to column 41 in text output file)

xli. NRV_BEGIN_STOR (corresponds to column 42 in text output
file)

xlii. ~ NRV_GAIN EXP (corresponds to column 43 in text output file)

xliii. ~NRV_INFILTR (corresponds to column 44 in text output file)

xliv. ~ NRV_GW_INFLOW (corresponds to column 45 in text output
file)
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xlv.  NRV_OTHER_INFLOW (corresponds to column 46 in text
output file)

xlvii. NRV_STRM_ET (corresponds to column 47 in text output file)

xlvii. NRV_ET (corresponds to column 48 in text output file)

xlviii. NRV_PERC (corresponds to column 49 in text output file)

xlix. ' NRV_END_STOR (corresponds to column 50 in text output file)

L. NRV_DISCREPANCY (corresponds to column S1 in text output
file)

8.4.3.4. Crop-Specific Root Zone Moisture Budget

Contribution of groundwater to the evapotranspiration for user-specified ponded
and non-ponded crops is listed in addition to the data columns listed for root zone
component version 4.0 in section 8.4.1.4. The following table describes the columns

in the crop-specific root zone moisture budget when printed out to a text file:

CROP-SPECIFIC ROOT ZONE MOISTURE BUDGET

Column No. | Column Name Description
Time Simulation date and time
Area Crop area
3 Potential ET Potential evapotranspiration for the specified crop
o Precipitation that falls on areas with the specified
4 Precipitation
crop
5 RUNOff Direct ru.n.off of precipitation that falls on areas with
the specified crop
. . Amount of water applied as a summation of surface
6 Prime Applied Water o bp . o
water deliveries and pumping for irrigation purposes
Surface runoff (sum of rainfall runoff and return flow
7 Inflow as Surface Runoff from agricultural andl urban Iahds) from upstream
elements and subregions that is captured and used
for irrigation purposes
Amount of return flow that is captured and re-used
8 Reused Water ount © ! W 5 captu !
for irrigation
9 Net Return Flow Net rgturn flow of irrigation on areas with the
specified crop (after re-use)
o Root zone moisture in areas with the specified cro
10 Beginning Storage (+) . . P P
at the beginning of time step
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The net moisture gained from other land use areas as
Net Gain from Land the area of the specified crop increases (a negative
Expansion (+) value represents loss of moisture due to the decrease
of the crop area)

Portion of the actual evapotranspiration for the user-

12 G dwater Infl . .
roundwater Inflow (+) specified crop that is met by groundwater
Total infiltration on areas with the specified crop;
I h i f ipitati [
13 Infiltration (+) computed as the summation of precipitation, prime

applied water and inflow as surface runoff less runoff
and net return flow

Moisture inflow from other generic moisture sources

14 Other Inflow (+)
such as lateral seepage

Drainage of rice and refuge ponds; this column is

15 Pond Drain (-) non-zero only if the specified crop is a ponded crop

16 Actual ET (-) Actual evapotranspiration of the specified crop
Percolation from the root zone which is the vertical

17 Percolation (=) moisture outflow from the bottom of the crop root

zZone

Root zone moisture in areas with the specified crop
at the end of the time step computed as the
summation of the beginning storage and the net
inflow into the root zone

18 Ending Storage (-)

Mass balance error check for the moisture storage in

19 Discrepancy (=) the root zone of the specified crop

If a DSS file is used for print-out, the following pathnames are used:
Part A:
IWFM_ROOTZN BUD
Part B:
TTT (SRXXX) YY where TTT is the name of the subregion, XXX is the
subregion number and YY'is the crop code specified by the user
Part C:
One of the following, depending on the output data:

i. AREA
ii. VOLUME
PartD:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)

PartE:
Print-out interval for the crop-specific root zone moisture budget as

specified in the Budget Main Input File
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PartF:
One of the following, depending on the output data (refer to the table above

for further details):
i.  AREA (corresponds to column 2 in text output file)
ii.  POT_ET (corresponds to column 3 in text output file)
iii. ~ PRECIP (corresponds to column 4 in text output file)
iv.  RUNOFF (corresponds to column § in text output file)
v.  PRM_H20 (corresponds to column 6 in text output file)
vi.  SR_INFLOW (corresponds to column 7 in text output file)
vii. RE-USE (corresponds to column 8 in text output file)
viii. NET RTRN_ FLOW (corresponds to column 9 in text output file)
ix. BEGIN_STOR (corresponds to column 10 in text output file)
x.  GAIN_EXP (corresponds to column 11 in text output file)
xi.  INFILTR (corresponds to column 12 in text output file)
xii. ~GW_INFLOW (corresponds to column 13 in text output file)
xili. OTHER_INFLOW (corresponds to column 14 in text output file)
xiv. DRAIN (corresponds to column 15 in text output file)
xv. ET (corresponds to column 16 in text output file)
xvi. PERC (corresponds to column 17 in text output file)
xvii. END_STOR (corresponds to column 18 in text output file)
xviii. DISCREPANCY (corresponds to column 19 in text output file)

8.4.4. Output Files for Root Zone Component Version 4.11

Root zone component version 4.11 can generate the same output files as version 4.1.
Refer to section 8.4.3 for a description of these files. Additionally it can generate the
land and water use as well as the root zone Z-Budget output files for element-level
budgets which can then be aggregated for groups of elements, called zones, using the

Z-Budget post-processing tool.

8.4.4.1. Land and Water Use Z-Budget

The Z-Budget tool allows printing of the land and water use budget tables to either
an ASCII text file or to a DSS file for each of the zones defined by the user. The
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budget table for each zone includes a title that lists the version of the root zone

component that was used in the IDC run, the units of the budget flow terms as well

as the name and area of the zone.

The land and water use budget for each zone provides water demand and supply

information for non-ponded crops, rice, refuges and urban areas. The portions of the

evapotranspiration that are met by irrigation, source of water that meets the

evapotranspiration are also listed.

The following table defines each column in the land and water use budget table

printed out to a text file:

LAND AND WATER USE Z-BUDGET

Column No.

Column Name

Description

1

Time

Simulation date and time

Non-Ponded Agricultural Area

2

Area

Non-ponded agricultural area

Potential CUAW

Applied water needed to increase the soil moisture to
irrigation target moisture for non-ponded crops
before taking into account the net return flow

Agricultural Supply
Requirement

If non-ponded crop water demands are computed
internally, this is the total amount of applied water
needed to increase the soil moisture to irrigation
target moisture plus the net return flow for non-
ponded crops. If non-ponded water demands are
specified, then this term equals the pre-specified
water demand.

Pumping (-)

Portion of groundwater pumping that is used to
meet the non-ponded agricultural supply
requirement

Deliveries (=)

Portion of the stream diversions that is used to meet
the non-ponded agricultural supply requirement

Inflow as Srfc. Runoff (-)

Surface runoff (combination of rainfall runoff, and

agricultural and urban return flow) from upstream

elements and subregions that is captured and used
to meet part of the non-ponded agricultural supply
requirement

Shortage (=)

Resulting water balance with respect to the non-
ponded agricultural supply requirements and actual
water supply specified in preceding columns

ETAW

Amount of non-ponded crop evapotranspiration that
is met by applied water (summation of pumping,
deliveries and captured surface runoff from upstream
elements) through current and previous irrigation
events
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Effective Precip

Amount of non-ponded crop evapotranspiration that
is met by current and previous precipitation events

ET from Groundwater

Amount of non-ponded crop evapotranspiration that
is met by groundwater

12

ET from Other Sources

Amount of non-ponded crop evapotranspiration that
is met by generic water sources (e.g. lateral seepage,
fog)

Rice Area

13

Area

Total rice area

14

Potential CUAW

Applied water needed to increase the soil moisture to
irrigation target moisture before taking into account
the net return flow

Agricultural Supply
Requirement

If rice water demands are computed internally, this is
the total amount of applied water needed to increase
the soil moisture to irrigation target moisture plus the
net return flow. If rice water demands are specified,
then this term equals the pre-specified water
demand.

Pumping (-)

Portion of groundwater pumping that is used to
meet the rice water supply requirement

Deliveries (=)

Portion of the stream diversions that is used to meet
the rice water supply requirement

Inflow as Srfc. Runoff (-)

Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream
elements and subregions that is captured and used
to meet part of the rice water supply requirement

Shortage (=)

Resulting water balance with respect to the rice
water supply requirements and actual water supply
specified in preceding columns

20

ETAW

Amount of rice evapotranspiration that is met by
applied water (summation of pumping, deliveries and
captured surface runoff from upstream elements)
through current and previous irrigation events

21

Effective Precip

Amount of rice evapotranspiration that is met by
current and previous precipitation events

22

ET from Groundwater

Amount of rice evapotranspiration that is met by
groundwater

23

ET from Other Sources

Amount of rice evapotranspiration that is met by
generic water sources (e.g. lateral seepage, fog)

Refuge Area

24

Area

Total refuge area

25

Potential CUAW

Applied water needed to increase the soil moisture to
irrigation target moisture in refuges before taking
into account the net return flow

26

Agricultural Supply
Requirement

If refuge water demands are computed internally,
this is the total amount of applied water needed to
increase the soil moisture to irrigation target
moisture plus the net return flow. If refuge water

Running IDC
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demands are specified, then this term equals the pre-
specified water demand.

Portion of groundwater pumping that is used to

27 Pumping (-) meet the refuge water supply requirement

Portion of the stream diversions that is used to meet

28 Deliveries (-) the refuge water supply requirement

Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream
elements and subregions that is captured and used
to meet part of the refuge water supply requirement

29 Inflow as Srfc. Runoff (-)

Resulting water balance with respect to the refuge
30 Shortage (=) water supply requirements and actual water supply
specified in preceding columns

Amount of refuge evapotranspiration that is met by
applied water (summation of pumping, deliveries and

31 ETAW
captured surface runoff from upstream elements)
through current and previous irrigation events
. . Amount of refuge evapotranspiration that is met b
32 Effective Precip . UQ. vap . p| I ! y
current and previous precipitation events
Amount of refuge evapotranspiration that is met b
33 ET from Groundwater 9 P P y

groundwater

Amount of refuge evapotranspiration that is met by

34 ET from Other Sources .
generic water sources (e.g. lateral seepage, fog)

Urban Area
35 Area Urban area
36 Urban Supply Requirement | Sum of indoor and outdoor urban water demand

Portion of groundwater pumping that is used to

37 Pumping (-) meet the urban supply requirement

Portion of stream diversions that is used to meet the

38 Deliveries (-) urban supply requirement

Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream
elements and subregions that is captured and used
to meet part of the urban supply requirement

39 Inflow as Srfc. Runoff (-)

Resulting water balance with respect to the urban
40 Shortage (=) supply requirements and actual water supply
specified in preceding columns

If a DSS file is used for print-out, the following pathnames are used:
Part A:
IWEM_ZBUD
Part B:
ZONE: XXX where XXX is the zone number
Part C:
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One of the following, depending on the output data:

i. AREA
ii. VOLUME
PartD:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
PartE:
Print-out interval for the zonal land and water use budget as specified in the
Z-Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i NP _AG_AREA (corresponds to column 2 in text output file)
ii. NP_AG_POTNL_CUAW (corresponds to column 3 in text
output file)
iii. =~ NP_AG_SUP_REQ (corresponds to column 4 in text output file)
iv. . NP_AG_PUMPING (corresponds to column § in text output file)
V. NP _AG_DELIVERY (corresponds to column 6 in text output file)
vii  NP_AG_SR_INFLOW (corresponds to column 7 in text output
file)
vii. ~NP_AG_SHORTAGE (corresponds to column 8 in text output
file)
viii. NP_AG_ETAW (corresponds to column 9 in text output file)
ix. NP_AG_EFF_PRECIP (corresponds to column 10 in text output
file)
X. NP_AG_ET_GW (corresponds to column 11 in text output file)
xi. NP_AG_ET_OTH (corresponds to column 12 in text output file)
xii.  RICE_AREA (corresponds to column 13 in text output file)
xili. RICE _POTNL_ CUAW (corresponds to column 14 in text output
file)
xiv. RICE_SUP_REQ (corresponds to column 15 in text output file)
xv.  RICE_PUMPING (corresponds to column 16 in text output file)
xvi.  RICE_DELIVERY (corresponds to column 17 in text output file)
xvii. RICE_SR_INFLOW (corresponds to column 18 in text output
file)
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Xviii.

Xxii.
Xxiii.

XXiv.

XXVii.

XXViii.

Xxxii.

Xxxiii.

XXXIV.
XXXV.
XXXVI.

XXXVil.

RICE_SHORTAGE (corresponds to column 19 in text output file)
RICE_ETAW (corresponds to column 20 in text output file)
RICE_EFF_PRECIP (corresponds to column 21 in text output
file)

RICE_ET GW (corresponds to column 22 in text output file)
RICE_ET OTH (corresponds to column 23 in text output file)
REFUGE_AREA (corresponds to column 24 in text output file)
REFUGE_POTNL_CUAW (corresponds to column 25 in text
output file)

REFUGE_SUP_REQ (corresponds to column 26 in text output
file)

REFUGE_PUMPING (corresponds to column 27 in text output
file)

REFUGE_DELIVERY (corresponds to column 28 in text output
file)

REFUGE_SR_INFLOW (corresponds to column 29 in text output
file)

REFUGE_SHORTAGE (corresponds to column 30 in text output
file)

REFUGE_ETAW (corresponds to column 31 in text output file)
REFUGE_EFF_PRECIP (corresponds to column 32 in text output
file)

REFUGE_ET_GW (corresponds to column 33 in text output file)
REFUGE_ET_OTH (corresponds to column 34 in text output
file)

URB_AREA (corresponds to column 35 in text output file)
URB_SUP_REQ (corresponds to column 36 in text output file)
URB_PUMPING (corresponds to column 37 in text output file)
URB_DELIVERY (corresponds to column 38 in text output file)

xxxviii. URB_SR_INFLOW (corresponds to column 39 in text output file)

XXXiX.

URB_SHORTAGE (corresponds to column 40 in text output file)

8.4.4.2. Root Zone Moisture Z-Budget
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The Z-Budget tool allows printing of the root zone budget tables to either an ASCII
text file or to a DSS file for each of the zones defined by the user. The budget table

for each zone includes a title that lists the version of the root zone component that

was used in the IDC run, the units of the budget flow terms as well as the name and

area of the zone.

The root zone moisture budget for each zone provides detailed inflow and

outflow terms to and from the root zone for non-ponded crops, rice, refuges and

urban areas as well native and riparian vegetation areas. It also includes

precipitation, rainfall runoff, applied water and return flow for each zone.

The following table defines each column in the land and water use budget table

printed out to a text file:

IWFM Demand Calculator
IDC-2015

ROOT ZONE MOISTURE Z-BUDGET
Column No. | Column Name Description
1 Time Simulation date and time
Non-Ponded Agricultural Area
2 Area Agricultural area
3 Potential ET Potential evapotranspiration for non-ponded crops
o Precipitation that fall - icultural
4 Precipitation recipitation that falls on non-ponded agricultura
lands
5 RUNOff Direct runoff of precipitation that falls on non-
ponded agricultural lands
. . Amount of water applied as a summation of surface
6 Prime Applied Water unt ot w e . ummatic )
water deliveries and pumping for irrigation purposes
Surface runoff (sum of rainfall runoff and return flow
7 Inflow as Surface RUNGFf from agricultural and. urban Iapds) from upstream
elements and subregions that is captured and used
for irrigation purposes
A f fl hati -
8 Reused Water mpqntq return flow that is captured and re-used
for irrigation
9 Net Return Flow Net. return flow of irrigation on non-ponded
agricultural lands (after re-use)
. Root zone moisture in non-ponded agricultural lands
10 Beginning Storage (+) Zone moistre P gricuti
at the beginning of time step
The net moisture gained from other land use areas as
1 Net Gain from Land the area of non-ponded agricultural lands increase (a
Expansion (+) negative value represents loss of moisture due to the
decrease of non-ponded agricultural area)
Total infiltration on the non-ponded agricultural
N lands; computed as the summation of precipitation
12 Infiltration (+) T P . precip '
prime applied water and inflow as surface runoff less
runoff and net return flow
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Portion of the actual non-ponded crops
13 Groundwater Inflow (+) . }
evapotranspiration that is met by groundwater
Moisture inflow from other generic moisture sources
14 Other Inflow (+) pture ntiow 9 ! P !
such as lateral seepage
15 Actual ET (-) Actual non-ponded crop evapotranspiration
Percolation from the root zone which is the vertical
16 Percolation (-) moisture outflow from the bottom of the root zone
in non-ponded agricultural areas
Root zone moisture in non-ponded agricultural lands
. at the end of the time step computed as the
17 — . o
Ending Storage (-) summation of the beginning storage and the net
inflow into the root zone
. Mass balance error check for the moisture storage in
18 Discrepancy (=) .
the root zone of non-ponded agricultural lands
Rice Area
19 Area Rice area
20 Potential ET Potential evapotranspiration for rice
21 Precipitation Precipitation that falls on rice lands
22 Runoff Direct runoff of precipitation that falls on rice lands
. . Amount of water applied as a summation of surface
23 Prime Applied Water . . W bl . ! . I . u
water deliveries and pumping for irrigation purposes
Surface runoff (sum of rainfall runoff and return flow
f icultural | f
24 Inflow as Surface Runoff rom agricultura and. urban ahds) rom upstream
elements and subregions that is captured and used
for irrigation purposes
Amount of return flow that is captured and re-used
’5 Reused Water mpuh 9 return flow that is captured and re-use
for irrigation
Net return flow of irrigation on rice lands (after re-
26 Net Return Flow ! worimgat ! (
use)
. Root zone moisture in rice lands at the beginning of
27 Beginning Storage (+) 00t 2 pruren ginning
time step
The net moisture gained from other land use areas as
78 Net Gain from Land the area of rice lands increase (a negative value
Expansion (+) represents loss of moisture due to the decrease of
rice area)
Total infiltration on the rice lands; computed as the
. . summation of precipitation, prime applied water and
29 Infiltration (+) °u I precipttation, pri ppied w
inflow as surface runoff less runoff and net return
flow
Portion of the actual rice evapotranspiration that is
30 Groundwater Inflow (+) l ualrice evap pirat !
met by groundwater
Moi inflow f h i i
3 Other Inflow (+) oisture inflow from other generic moisture sources
such as lateral seepage
32 Pond Drain (-) Drainage of rice ponds
33 Actual ET (=) Actual rice evapotranspiration
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Percolation from the root zone which is the vertical
34 Percolation (-) moisture outflow from the bottom of the root zone
in rice lands
Root zone moisture in rice lands at the end of the
. time step computed as the summation of the
35 - . . .
Ending Storage (-) beginning storage and the net inflow into the root
zone
36 Discrepancy (=) Mass balance error check for the moisture storage in
pancy = the root zone of rice lands
Refuge Area
37 Area Refuge area
38 Potential ET Potential evapotranspiration for refuges
39 Precipitation Precipitation that falls on refuges
40 Runoff Direct runoff of precipitation that falls on refuges
. . Amount of water applied as a summation of surface
41 Prime Applied Water o bp . o
water deliveries and pumping for irrigation purposes
Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream
42 Inflow as Surface Runoff gncutu u ) ) up
elements and subregions that is captured and used
for irrigation purposes
43 Reused Water Ampqnt Qf return flow that is captured and re-used
for irrigation
44 Net Return Flow Net return flow of irrigation on refuges (after re-use)
- Root zone moisture in refuges at the beginning of
45 Beginning Storage (+) . 9 9 9
time step
The net moisture gained from other land use areas as
46 Net Gain from Land the area of refuges increase (a negative value
Expansion (+) represents loss of moisture due to the decrease of
refuge area)
Total infiltration in the refuges; computed as the
o . p S . i
47 Infiltration (+) §ummat|on of precipitation, prime applied water and
inflow as surface runoff less runoff and net return
flow
Portion of the actual refuge evapotranspiration that
48 Groundwater Inflow (+) . 9 P P
is met by groundwater
Moisture inflow from other generic moisture sources
49 Other Inflow (+) pture nriow 9 ! P !
such as lateral seepage
50 Pond Drain (-) Drainage of refuge ponds
51 Actual ET (-) Actual refuge evapotranspiration
Percolation from the root zone which is the vertical
52 Percolation (-) moisture outflow from the bottom of the root zone
in refuges

Running IDC
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Root zone moisture in refuges at the end of the time
53 Ending Storage (-) step computed as the summation of the beginning
storage and the net inflow into the root zone

Mass balance error check for the moisture storage in

>4 Discrepancy (=) the root zone of refuges

Urban Area
55 Area Urban area
56 Potential ET Potential evapotranspiration for urban lands
57 Precipitation Precipitation that falls on urban lands
58 Runoff Direct runoff of precipitation that falls on urban lands

Total amount of pumping and surface water
59 Prime Applied Water deliveries that is used to meet urban indoors and
outdoors water demand

Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream

60 Inflow as Surface Runoff ) .
elements and subregions that is captured and used
to meet urban water demand
61 Reused Water The amount of return flow that is captured and re-
used on urban lands
62 Net Return Flow Net return flow of applied water used for urban
indoors and outdoors usage (after re-use)
63 Beginning Storage (+) Root zone moisture at the beginning of time step
The net moisture gained from other land use areas as
64 Net Gain from Land the area of urban lands increase (a negative value
Expansion (+) represents loss of moisture due to the decrease of
urban area)
Total infiltration on the urban lands computed as the
o . ‘ L . i
65 Infiltration (+) §ummat|on of precipitation, prime applied water and
inflow as surface runoff less runoff and net return
flow
Portion of the actual urban evapotranspiration that is
66 Groundwater Inflow (+) P P

met by groundwater

Moisture inflow from other generic moisture sources

67 Other Inflow (+)
such as lateral seepage

68 Actual ET (-) Actual evapotranspiration in urban lands

Percolation from the root zone which is the vertical
69 Percolation (=) moisture outflow from the bottom of the root zone
in urban areas

Root zone moisture in urban lands at the end of the
time step computed as the summation of the
beginning storage and the net inflow into the root
zone

70 Ending Storage (-)

Mass balance error check for the moisture storage in

/1 Discrepancy (=) the root zone of urban lands

Native and Riparian Vegetation Area
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72 Area Native and riparian vegetation area

Potential evapotranspiration for native and riparian

73 Potential ET .
vegetation

Precipitation that falls on areas with native and

74 Precipitation o .
riparian vegetation

Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream
elements and subregions that flows into the lands
with native and riparian vegetation

75 Inflow as Surface Runoff

Direct runoff of precipitation that falls on areas with

76 Runoff native and riparian vegetation

Root zone moisture in areas with native and riparian

7 Beginning Storage (+) vegetation at the beginning of time step

The net moisture gained from other land use areas as
Net Gain from Land the area of native and riparian vegetation increase (a
Expansion (+) negative value represents loss of moisture due to the
decrease of native and riparian vegetation area)

78

Total infiltration on areas with native and riparian
79 Infiltration (+) vegetation; computed as the sum of precipitation
and inflow as surface runoff less runoff

Portion of the actual evapotranspiration of native and

80 Groundwater Inflo o ) .
unaw w () riparian vegetation that is met by groundwater
Moisture inflow from other generic moisture sources
81 Other Inflow (+) sture intlow 9 ! st u
such as lateral seepage
Porti f th | ripari i
82 Stream Inflow for ET (+) ortion of the actual riparian vegetation

evapotranspiration that is met by stream flows

Actual evapotranspiration in areas with native and

83 Actual ET () riparian vegetation

Percolation from the root zone which is the vertical
84 Percolation (-) moisture outflow from the bottom of the root zone
in areas with native and riparian vegetation

Root zone moisture in areas with native and riparian
vegetation at the end of the time step; computed as
the summation of the beginning storage and the net
moisture inflow

85 Ending Storage (+)

Mass balance error check for the moisture storage in
86 Discrepancy (=) the root zone of lands with native and riparian
vegetation

If a DSS file is used for print-out, the following pathnames are used:
Part A:
IWEM_ZBUD
PartB:
ZONE:XXX where XXX is the zone number
Part C:

IWFM Demand Calculator, IDC-2015 | 259



IWFM Demand Calculator
IDC-2015

Running IDC

One of the following, depending on the output data:

i. AREA
ii. VOLUME
PartD:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)

PartE:

Print-out interval for the zonal root zone budget as specified in the Z-

Budget Main Input File

PartF:

One of the following, depending on the output data (refer to the table above

for furth
i.
ii.
iii.
iv.
V.

Vi.

viil.

xiii.

Xiv.

er details):

NP_AG_AREA (corresponds to column 2 in text output file)
NP_AG_POT_ET (corresponds to column 3 in text output file)
NP _AG_PRECIP (corresponds to column 4 in text output file)
NP_AG_RUNOFF (corresponds to column § in text output file)
NP_AG_PRM_H20 (corresponds to column 6 in text output file)
NP_AG_SR_INFLOW (corresponds to column 7 in text output
file)

NP _AG_RE-USE (corresponds to column 8 in text output file)
NP_AG_NT _RTRN_FLOW (corresponds to column 9 in text
output file)

NP_AG_BEGIN_STOR (corresponds to column 10 in text output
file)

NP_AG_GAIN_EXP (corresponds to column 11 in text output
file)

NP_AG_INFILTR (corresponds to column 12 in text output file)
NP_AG_GW_INFLOW (corresponds to column 13 in text output
file)

NP_AG_OTHER_INFLOW (corresponds to column 14 in text
output file)

NP_AG_ET (corresponds to column 15 in text output file)
NP_AG_PERC (corresponds to column 16 in text output file)

260 |  IWFM Demand Calculator, IDC-2015



IWFM Demand Calculator
IDC-2015

Running IDC

xvi. NP_AG_END_STOR (corresponds to column 17 in text output
file)

xvii. NP_AG_DISCREPANCY (corresponds to column 18 in text
output file)

xviii. RICE_AREA (corresponds to column 19 in text output file)

xix. ~ RICE_POT_ET (corresponds to column 20 in text output file)

xx.  RICE_PRECIP (corresponds to column 21 in text output file)

xxi. RICE_RUNOFF (corresponds to column 22 in text output file)

xxii. RICE_PRM_H20 (corresponds to column 23 in text output file)

xxili. RICE SR _INFLOW (corresponds to column 24 in text output
file)

xxiv. RICE_RE-USE (corresponds to column 25 in text output file)

xxv. RICE_NT RTRN_FLOW (corresponds to column 26 in text
output file)

xxvi. RICE BEGIN_STOR (corresponds to column 27 in text output
file)

xxvii. RICE_GAIN_EXP (corresponds to column 28 in text output file)

xxviii. RICE_INFILTR (corresponds to column 29 in text output file)

xxix. RICE_GW _INFLOW (corresponds to column 30 in text output
file)

xxx. RICE_OTHER_INFLOW (corresponds to column 31 in text
output file)

xxxi. RICE_DRAIN (corresponds to column 32 in text output file)

xxxii. RICE_ET (corresponds to column 33 in text output file)

xxxiii. RICE_PERC (corresponds to column 34 in text output file)

xxxiv. RICE_END_STOR (corresponds to column 35 in text output file)

xxxv. RICE DISCREPANCY (corresponds to column 36 in text output
file)

xxxvi. REFUGE_AREA (corresponds to column 37 in text output file)

xxxvii. REFUGE_POT_ET (corresponds to column 38 in text output file)

xxxviii. REFUGE_PRECIP (corresponds to column 39 in text output file)

xxxix. REFUGE_RUNOFF (corresponds to column 40 in text output
file)

xl.  REFUGE_PRM_H2O0 (corresponds to column 41 in text output
file)
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xlii.
xliii.

xliv.

li.

lii.

liii.

liv.
lv.
lvi.
Lvii.

lviii.

2

REFUGE_SR_INFLOW (corresponds to column 42 in text output
file)

REFUGE_RE-USE (corresponds to column 43 in text output file)
REFUGE_NT RTRN_FLOW (corresponds to column 44 in text
output file)

REFUGE_BEGIN_STOR (corresponds to column 45 in text
output file)

REFUGE_GAIN_EXP (corresponds to column 46 in text output
file)

REFUGE_INFILTR (corresponds to column 47 in text output file)
REFUGE_GW_INFLOW (corresponds to column 48 in text
output file)

. REFUGE_OTHER_INFLOW (corresponds to column 49 in text

output file)

REFUGE_DRAIN (corresponds to column 50 in text output file)
REFUGE_ET (corresponds to column S1 in text output file)
REFUGE_PERC (corresponds to column 52 in text output file)
REFUGE_END_STOR (corresponds to column 53 in text output
file)

REFUGE_DISCREPANCY (corresponds to column 54 in text
output file)

URB_AREA (corresponds to column $$ in text output file)
URB_POT ET (corresponds to column 56 in text output file)
URB_PRECIP (corresponds to column 57 in text output file)
URB_RUNOFF (corresponds to column 58 in text output file)
URB_PRM_H20 (corresponds to column 59 in text output file)
URB_SR_INFLOW (corresponds to column 60 in text output file)
URB_RE-USE (corresponds to column 61 in text output file)
URB_NT RTRN_ FLOW (corresponds to column 62 in text
output file)

URB_BEGIN_STOR (corresponds to column 63 in text output
file)

URB_GAIN EXP (corresponds to column 64 in text output file)
URB_INFILTR (corresponds to column 65 in text output file)
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Ixv.  URB_GW_INFLOW (corresponds to column 66 in text output
file)

Ixvi. URB_OTHER_INFLOW (corresponds to column 67 in text
output file)

Ixvii. URB_ET (corresponds to column 68 in text output file)

Ixviii. URB_PERC (corresponds to column 69 in text output file)

Ixix. ' URB_END_STOR (corresponds to column 70 in text output file)

Ixx. = URB_DISCREPANCY (corresponds to column 71 in text output
file)

Ixxi. NRV_AREA (corresponds to column 72 in text output file)

Ixxii. NRV_POT _ET (corresponds to column 73 in text output file)

Ixxiii. NRV_PRECIP (corresponds to column 74 in text output file)

Ixxiv. NRV_SR_INFLOW (corresponds to column 75 in text output file)

Ixxv. NRV_RUNOFF (corresponds to column 76 in text output file)

Ixxvi. NRV_BEGIN_ STOR (corresponds to column 77 in text output
file)

Ixxvii. NRV_GAIN EXP (corresponds to column 78 in text output file)

Ixxviii. NRV_INFILTR (corresponds to column 79 in text output file)

Ixxix. NRV_GW_INFLOW (corresponds to column 80 in text output
file)

Ixxx. NRV_OTHER_INFLOW (corresponds to column 81 in text
output file)

Ixxxi. NRV_STRM_ET (corresponds to column 82 in text output file)

Ixxxii. NRV_ET (corresponds to column 83 in text output file)

Ixxxiii. NRV_PERC (corresponds to column 84 in text output file)

Ixxxiv. NRV_END_STOR (corresponds to column 8S in text output file)

Ixxxv. NRV_DISCREPANCY (corresponds to column 86 in text output
file)

8.4.5. Output Files for Root Zone Component Version 5.0

Output files for root zone component version 5.0 are similar to those of versions
4.01 and 4.11 except that there are no budget output files for crop-specific land and

water use and root zone data. This is because root zone version 5.0 computes the
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water demands, and land surface and root zone flow processes for an agricultural
crop with average parameters based on crop areas in each subregion. Additionally,
element-level Z-Budget output does not distinguish information between non-

ponded crops, rice and refuge lands.

8.4.5.1. Subregional Land and Water Use Budget

The subregional land and water use budget HDFS file is generated by specifying a
proper filename in the Root Zone Component Main File. A budget table is
produced for each subregion listed for the LPRNT variable in the Budget Main
Input File. The title printed for each subregional land and water use budget includes
root zone component version number, subregion name given by the user, the unit of
data columns and the area of the subregion. All land and water use budget columns
are in volumetric units except Time, Agricultural Area and Urban Area. The output
units and conversion factors for area (UNITAROU and FACTAROU) and volume
(UNITVLOU and FACTVLOU) are specified by the user in the Budget Main
Input File.

The total agricultural and urban areas, as well as the agricultural potential
consumptive use of applied water and the water supply requirements are reported in
the output, followed by the components that the land and water use budget is
comprised of. For agricultural lands, potential consumptive use is the amount of
water needed to bring the soil moisture up to the irrigation target moisture (field
capacity, by default) after the effects of precipitation and generic moisture sources,
excluding the net return flow, are taken into account. The agricultural supply
requirement is the potential consumptive use of applied water plus the net return
flow.

A positive or negative sign is given for each column that is a component of the
subregional land and water use. The Shortage column is the resulting balance, based
on water use components. A value of zero in this column indicates that the available
water supply (surface water deliveries, groundwater pumping and surface runoff
from upstream elements) meets the agricultural or urban supply requirements. A
positive value indicates that the supply is not a large enough quantity to satisfy water
requirements. Conversely, a negative value in the Shortage column signifies a water

supply surplus. The last three columns for agricultural areas are informational and
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show the sources of water that are used in meeting the crop evapotranspirative
requirement.
The following table defines each column in the subregional land and water use

budget table printed out to a text file:

SUBREGIONAL LAND AND WATER USE BUDGET

Column No. | Column Name Description

1 Time Simulation date and time
Agricultural Area

2 Area Agricultural area

Applied water needed to increase the soil moisture to
3 Potential CUAW irrigation target moisture before taking into account
the net return flow

If agricultural water demands are computed
internally, this is the total amount of applied water

4 Agricultural Supply needed to increase the soil moisture to irrigation
Requirement target moisture plus the net return flow. If
agricultural water demands are specified, then this
term equals the pre-specified water demand.
. Portion of groundwater pumping that is used to

5 Pumping (-) 9 ) pump g'

meet the agricultural supply requirement
. Portion of the stream diversions that is used to meet

6 Deliveries (=) . :
the agricultural supply requirement
Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream

7 Inflow as Srfc. Runoff (-) 9 ) P

elements and subregions that is captured and used
to meet part of the agricultural supply requirement
Resulting water balance with respect to the

8 Shortage (=) agricultural supply requirements and actual water
supply specified in preceding columns

Amount of crop evapotranspiration that is met by
applied water (summation of pumping, deliveries and
captured surface runoff from upstream elements)
through current and previous irrigation events
Amount of crop evapotranspiration that is met by
current and previous precipitation events

Amount of crop evapotranspiration that is met by

9 ETAW

10 Effective Precip

11 ET from Other Sources .
generic water sources (e.g. lateral seepage, fog)
Urban Area
12 Area Urban area
13 Urban Supply Requirement | Sum of indoor and outdoor urban water demand

Portion of groundwater pumping that is used to

14 Pumping (-) meet the urban supply requirement
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Portion of stream diversions that is used to meet the

15 Deliveries (-) )

urban supply requirement

Surface runoff (combination of rainfall runoff, and
16 Inflow as Srfc. Runoff () agricultural and urban return flow) from upstream

elements and subregions that is captured and used
to meet part of the urban supply requirement

Resulting water balance with respect to the urban
17 Shortage (=) supply requirements and actual water supply
specified in preceding columns

If a DSS file is used for print-out, the following pathnames are used:
Part A:
IWFM_L&W_USE_BUD
Part B:
TTT (SRXXX) where TTT is the name of the subregion and XXX is the

subregion number

Part C:
One of the following, depending on the output data:
i AREA
ii. VOLUME
Part D:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
PartE:
Print-out interval for the subregional land and water use budget as specified
in the Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i. AG_AREA (corresponds to column 2 in text output file)
ii. AG_POTNL_ CUAW (corresponds to column 3 in text output file)
iii. AG_SUP_REQ (corresponds to column 4 in text output file)
iv. AG_PUMPING (corresponds to column S in text output file)
v. AG_DELIVERY (corresponds to column 6 in text output file)
vi. AG_SR_INFLOW (corresponds to column 7 in text output file)
vii. AG_SHORTAGE (corresponds to column 8 in text output file)
viii. AG_ETAW (corresponds to column 9 in text output file)

266 |  IWFM Demand Calculator, IDC-2015



ix. AG_EFF PRECIP (corresponds to column 10 in text output file)
x. AG_ET OTH (corresponds to column 11 in text output file)

xi. URB_AREA (corresponds to column 12 in text output file)

xii. URB_SUP_REQ (corresponds to column 13 in text output file)
xiti. URB_PUMPING (corresponds to column 14 in text output file)
xiv. URB_DELIVERY (corresponds to column 15 in text output file)
xv. URB_SR_INFLOW (corresponds to column 16 in text output file)
xvi. URB_SHORTAGE (corresponds to column 17 in text output file)

8.4.5.2. Subregional Root Zone Moisture Budget

The subregional root zone moisture budget is produced for each subregion listed for
processing in the Budget Main Input File. The title printed for each subregional root
zone moisture budget includes root zone component version number, subregion
name given by the user, the unit of data columns and the area of the subregion. The
output units are specified by the user in the Budget Main Input File.

The root zone moisture budget provides information on processes that are used
to compute soil moisture in the root zone. Agricultural areas represent the areas
where crops are located. Urban area includes indoor and outdoor urban areas and
the native and riparian lands represent the undeveloped area in the subregion. For
each area type (agricultural, urban, and native and riparian vegetation) precipitation
and irrigation (except for native and riparian vegetation areas) along with direct
runoff and return flows are listed. The Infiltration column is computed by adding the
Precipitation, Prime Applied Water and Inflow as Surface Runoff columns and
subtracting the Runoff and Net Return Flow columns. The following table describes

the columns in the subregional root zone moisture budget when printed out to a text

file:

IWFM Demand Calculator
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SUBREGIONAL ROOT ZONE MOISTURE BUDGET

Column No. | Column Name Description
1 Time Simulation date and time
Agricultural Area
2 Area Agricultural area
3 Potential ET Potential evapotranspiration for agricultural lands
4 Precipitation Precipitation that falls on agricultural lands

Running IDC
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5 RUNOff Direct runoff of precipitation that falls on agricultural
lands
6 Prime Applied Water Amount c?f Water applied asa summatign of surface
water deliveries and pumping for irrigation purposes
Surface runoff (sum of rainfall runoff and return flow
7 Inflow as Surface RUNGFf from agricultural and. urban Iar.wds) from upstream
elements and subregions that is captured and used
for irrigation purposes
8 Reused Water Ampgnt Qf return flow that is captured and re-used
for irrigation
9 Net Return Flow Net return flow of irrigation on agricultural lands

(after re-use)

Root zone moisture in agricultural lands at the

10 Beginning Storage (+) beginning of time step

The net moisture gained from other land use areas as
Net Gain from Land the area of agricultural lands increase (a negative
Expansion (+) value represents loss of moisture due to the decrease
of agricultural area)

Total infiltration on the agricultural lands; computed
as the summation of precipitation, prime applied
water and inflow as surface runoff less runoff and
net return flow

12 Infiltration (+)

Moisture inflow from other generic moisture sources

13 Other Inflow (+)
such as lateral seepage

14 Actual ET () Actual evapotranspiration in agricultural lands

Percolation from the root zone which is the vertical
15 Percolation (-) moisture outflow from the bottom of the root zone
in agricultural areas

Root zone moisture in agricultural lands at the end of
the time step computed as the summation of the
beginning storage and the net inflow into the root
zone

16 Ending Storage (-)

Mass balance error check for the moisture storage in

17 Discrepancy (=) the root zone of agricultural lands
Urban Area
18 Area Urban area
19 Potential ET Potential evapotranspiration for urban lands
20 Precipitation Precipitation that falls on urban lands
21 Runoff Direct runoff of precipitation that falls on urban lands

Total amount of pumping and surface water
22 Prime Applied Water deliveries that is used to meet urban indoors and
outdoors water demand

Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream
elements and subregions that is captured and used
to meet urban water demand

23 Inflow as Surface Runoff
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The amount of return flow that is captured and re-

24 Reused Water
used on urban lands
Net return flow of applied water used for urban
25 Net Return Flow . Y W ppliedw . u
indoors and outdoors usage (after re-use)
26 Beginning Storage (+) Root zone moisture at the beginning of time step
The net moisture gained from other land use areas as
»7 Net Gain from Land the area of urban lands increase (a negative value
Expansion (+) represents loss of moisture due to the decrease of
urban area)
Total infiltration on the urban lands computed as the
. . summation of precipitation, prime applied water and
28 Infiltration (+) > I precipitation, pri ppied W
inflow as surface runoff less runoff and net return
flow
Moi inflow f h i i
79 Other Inflow (+) oisture inflow from other generic moisture sources
such as lateral seepage
30 Actual ET (-) Actual evapotranspiration in urban lands
Percolation from the root zone which is the vertical
31 Percolation (-) moisture outflow from the bottom of the root zone
in urban areas
Root zone moisture in urban lands at the end of the
. time step computed as the summation of the
32 — L . .
Ending Storage (-) beginning storage and the net inflow into the root
zone
. Mass balance error check for the moisture storage in
33 Discrepancy (=)

the root zone of urban lands

Native and Riparian Vegetation Area

34 Area Native and riparian vegetation area
. Potential evapotranspiration for native and riparian
35 Potential ET 'al evap pirat V 'par
vegetation
L Precipitation that falls on areas with native and
36 Precipitation . .p .
riparian vegetation
Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream
37 Inflow as Surface Runoff 9 ) ) . b
elements and subregions that flows into the lands
with native and riparian vegetation
Direct runoff of precipitation that falls on areas with
38 Runoff I . . . .p Iprtatl . W
native and riparian vegetation
o Root zone moisture in areas with native and riparian
39 Beginning Storage (+) . - .
vegetation at the beginning of time step
The net moisture gained from other land use areas as
40 Net Gain from Land the area of native and riparian vegetation increase (a
Expansion (+) negative value represents loss of moisture due to the
decrease of native and riparian vegetation area)
Total infiltration on areas with native and riparian
41 Infiltration (+) vegetation; computed as the sum of precipitation

and inflow as surface runoff less runoff

Running IDC
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Moisture inflow from other generic moisture sources

42 Other Inflow (+)
such as lateral seepage

Actual evapotranspiration in areas with native and

43 - ipari i
Actual ET (-) riparian vegetation

Percolation from the root zone which is the vertical
44 Percolation (-) moisture outflow from the bottom of the root zone
in areas with native and riparian vegetation

Root zone moisture in areas with native and riparian
vegetation at the end of the time step; computed as
the summation of the beginning storage and the net
moisture inflow

45 Ending Storage (+)

Mass balance error check for the moisture storage in
46 Discrepancy (=) the root zone of lands with native and riparian
vegetation

If a DSS file is used for print-out, the following pathnames are used:
Part A:
IWEM_ROOTZN BUD
Part B:
TTT (SRXXX) where TTT is the name of the subregion and XXX is the

subregion number

Part C:
One of the following, depending on the output data:
i. AREA
ii. VOLUME
Part D:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
Part E:
Print-out interval for the subregional root zone moisture budget as specified
in the Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i AG_AREA (corresponds to column 2 in text output file)
ii. AG_POT_ET (corresponds to column 3 in text output file)
iii. '~ AG_PRECIP (corresponds to column 4 in text output file)
iv.. ' AG_RUNOFF (corresponds to column § in text output file)
V. AG_PRM_H2O0 (corresponds to column 6 in text output file)
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vii AG_SR_INFLOW (corresponds to column 7 in text output file)

vii. ~AG_RE-USE (corresponds to column 8 in text output file)

viii. AG_NT_ RTRN_FLOW (corresponds to column 9 in text output
file)

ix. =~ AG_BEGIN_STOR (corresponds to column 10 in text output file)

X. AG_GAIN_EXP (corresponds to column 11 in text output file)

xi.  AG_INFILTR (corresponds to column 12 in text output file)

xii. =~ AG_OTHER_INFLOW (corresponds to column 13 in text output
file)

xili. AG_ET (corresponds to column 14 in text output file)

xiv. ~AG_PERC (corresponds to column 15 in text output file)

xv. AG_END_STOR (corresponds to column 16 in text output file)

xvi. AG_DISCREPANCY (corresponds to column 17 in text output
file)

xvii. URB_AREA (corresponds to column 18 in text output file)

xviii. URB_POT _ET (corresponds to column 19 in text output file)

xix. ~ URB_PRECIP (corresponds to column 20 in text output file)

xx.  URB_RUNOFF (corresponds to column 21 in text output file)

xxi. URB_PRM_H2O (corresponds to column 22 in text output file)

xxii. URB_SR_INFLOW (corresponds to column 23 in text output file)

xxili. URB_RE-USE (corresponds to column 24 in text output file)

xxiv. URB_NT RTRN_FLOW (corresponds to column 2S5 in text
output file)

xxv. URB_BEGIN_ STOR (corresponds to column 26 in text output
file)

xxvi. URB_GAIN_ EXP (corresponds to column 27 in text output file)

xxvii. URB_INFILTR (corresponds to column 28 in text output file)

xxviii. URB_OTHER_INFLOW (corresponds to column 29 in text
output file)

xxix. ~URB_ET (corresponds to column 30 in text output file)

xxx. URB_PERC (corresponds to column 31 in text output file)

xxxi. URB_END_STOR (corresponds to column 32 in text output file)

xxxii. URB_DISCREPANCY (corresponds to column 33 in text output
file)

xxxiii. NRV_AREA (corresponds to column 34 in text output file)
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xxxiv. NRV_POT_ET (corresponds to column 35 in text output file)

xxxv. NRV_PRECIP (corresponds to column 36 in text output file)

xxxvi. NRV_SR_INFLOW (corresponds to column 37 in text output file)

xxxvii. NRV_RUNOFF (corresponds to column 38 in text output file)

xxxviii. NRV_BEGIN_STOR (corresponds to column 39 in text output
file)

xxxix. NRV_GAIN_EXP (corresponds to column 40 in text output file)

xl.  NRV_INFILTR (corresponds to column 41 in text output file)

xli. ~NRV_OTHER_INFLOW (corresponds to column 42 in text
output file)

xlii. NRV_ET (corresponds to column 43 in text output file)

xliii. NRV_PERC (corresponds to column 44 in text output file)

xliv. NRV_END_STOR (corresponds to column 45 in text output file)

xlv.  NRV_DISCREPANCY (corresponds to column 46 in text output
file)

8.4.5.3. Land and Water Use Z-Budget

The Z-Budget tool allows printing of the land and water use budget tables to either
an ASCII text file or to a DSS file for each of the zones defined by the user. The
budget table for each zone includes a title that lists the version of the root zone
component that was used in the IDC run, the units of the budget flow terms as well
as the name and area of the zone.

The land and water use budget for each zone provides water demand and supply
information for agricultural and urban areas. The portions of the evapotranspiration
that are met by irrigation, source of water that meets the evapotranspiration are also
listed.

The following table defines each column in the land and water use budget table

printed out to a text file:

LAND AND WATER USE Z-BUDGET
Column No. | Column Name Description

1 Time Simulation date and time
Agricultural Area

2 Area Agricultural area
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Potential CUAW

Applied water needed to increase the soil moisture to
irrigation target moisture for agricultural crops before
taking into account the net return flow

Agricultural Supply
Requirement

If agricultural water demands are computed
internally, this is the total amount of applied water
needed to increase the soil moisture to irrigation
target moisture plus the net return flow for non-
ponded crops. If non-ponded water demands are
specified, then this term equals the pre-specified
water demand.

Pumping (-)

Portion of groundwater pumping that is used to
meet the agricultural supply requirement

Deliveries (=)

Portion of the stream diversions that is used to meet
the agricultural supply requirement

Inflow as Srfc. Runoff (-)

Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream
elements and subregions that is captured and used
to meet part of the agricultural supply requirement

Shortage (=)

Resulting water balance with respect to the
agricultural supply requirements and actual water
supply specified in preceding columns

ETAW

Amount of agricultural evapotranspiration that is met
by applied water (summation of pumping, deliveries
and captured surface runoff from upstream
elements) through current and previous irrigation
events

10

Effective Precip

Amount of agricultural evapotranspiration that is met
by current and previous precipitation events

"

ET from Other Sources

Amount of agricultural evapotranspiration that is met
by generic water sources (e.g. lateral seepage, fog)

Urban Area

12

Area

Urban area

13

Urban Supply Requirement

Sum of indoor and outdoor urban water demand

14

Pumping (-)

Portion of groundwater pumping that is used to
meet the urban supply requirement

Deliveries (=)

Portion of stream diversions that is used to meet the
urban supply requirement

Inflow as Srfc. Runoff (-)

Surface runoff (combination of rainfall runoff, and
agricultural and urban return flow) from upstream
elements and subregions that is captured and used
to meet part of the urban supply requirement

Shortage (=)

Resulting water balance with respect to the urban
supply requirements and actual water supply
specified in preceding columns

If a DSS file is used for print-out, the following pathnames are used:

Part A:
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IWEM_ZBUD
Part B:
ZONE:XXX where XXX is the zone number
Part C:
One of the following, depending on the output data:
i. AREA
ii. VOLUME
PartD:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
Part E:
Print-out interval for the zonal land and water use budget as specified in the
Z-Budget Main Input File
Part F:

One of the following, depending on the output data (refer to the table above

for further details):
i.  AG_AREA (corresponds to column 2 in text output file)
ii. AG_POTNL CUAW (corresponds to column 3 in text output file)
iii. AG_SUP_REQ (corresponds to column 4 in text output file)
iv. ' AG_PUMPING (corresponds to column § in text output file)
v.  AG_DELIVERY (corresponds to column 6 in text output file)
vi. AG_SR_INFLOW (corresponds to column 7 in text output file)
vii. AG_SHORTAGE (corresponds to column 8 in text output file)
viii. AG_ETAW (corresponds to column 9 in text output file)
ix. AG_EFF PRECIP (corresponds to column 10 in text output file)
x. AG_ET_OTH (corresponds to column 11 in text output file)
xi.  URB_AREA (corresponds to column 12 in text output file)
xii. URB_SUP_REQ (corresponds to column 13 in text output file)
xiti. URB_PUMPING (corresponds to column 14 in text output file)
xiv. URB_DELIVERY (corresponds to column 15 in text output file)
xv. URB_SR _INFLOW (corresponds to column 16 in text output file)
xvi. URB_SHORTAGE (corresponds to column 17 in text output file)
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8.4.5.4. Root Zone Moisture Z-Budget

The Z-Budget tool allows printing of the root zone budget tables to either an ASCII
text file or to a DSS file for each of the zones defined by the user. The budget table
for each zone includes a title that lists the version of the root zone component that
was used in the IDC run, the units of the budget flow terms as well as the name and
area of the zone.

The root zone moisture budget for each zone provides detailed inflow and
outflow terms to and from the root zone for agricultural, urban and natural (native
and riparian vegetation) areas. It also includes precipitation, rainfall runoff, applied
water and return flow for each zone.

The following table defines each column in the land and water use budget table

printed out to a text file:

ROOT ZONE MOISTURE Z-BUDGET

Column No. | Column Name Description
1 Time Simulation date and time
Agricultural Area
2 Area Agricultural area
3 Potential ET Potential evapotranspiration for agricultural lands
4 Precipitation Precipitation that falls on agricultural lands
5 RUNOSf Direct runoff of precipitation that falls on agricultural
lands
. . A f li ion of surf
6 Prime Applied Water mountq V\(ater applied asa summatlgn of surface
water deliveries and pumping for irrigation purposes
Surface runoff (sum of rainfall runoff and return flow
7 Inflow as Surface Runoff from agricultural and‘ urban Iar.1ds) from upstream
elements and subregions that is captured and used
for irrigation purposes
8 Reused Water Ampqnt c?f return flow that is captured and re-used
for irrigation
9 Net Return Flow Net return flow of irrigation on agricultural lands

(after re-use)

Root zone moisture in agricultural lands at the

10 Beginning Storage (+) beginning of time step

The net moisture gained from other land use areas as
Net Gain from Land the area of agricultural lands increase (a negative
Expansion (+) value represents loss of moisture due to the decrease
of agricultural area)
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12 Infiltration (+)

Total infiltration on the agricultural lands; computed
as the summation of precipitation, prime applied
water and inflow as surface runoff less runoff and
net return flow

13 Other Inflow (+)

Moisture inflow from other generic moisture sources
such as lateral seepage

14 Actual ET (-)

Actual evapotranspiration in agricultural lands

15 Percolation (-)

Percolation from the root zone which is the vertical
moisture outflow from the bottom of the root zone
in agricultural areas

16 Ending Storage (-)

Root zone moisture in agricultural lands at the end of
the time step computed as the summation of the
beginning storage and the net inflow into the root
zone

Mass balance error check for the moisture storage in

17 Di = .
iscrepancy (=) the root zone of agricultural lands
Urban Area
18 Area Urban area

19 Potential ET

Potential evapotranspiration for urban lands

20 Precipitation Precipitation that falls on urban lands

21 Runoff Direct runoff of precipitation that falls on urban lands
Total amount of pumping and surface water

22 Prime Applied Water deliveries that is used to meet urban indoors and
outdoors water demand
Surface runoff (sum of rainfall runoff and return flow

73 Inflow as Surface Runoff from agricultural and urban lands) from upstream

elements and subregions that is captured and used
to meet urban water demand

24 Reused Water

The amount of return flow that is captured and re-
used on urban lands

25 Net Return Flow

Net return flow of applied water used for urban
indoors and outdoors usage (after re-use)

26 Beginning Storage (+)

Root zone moisture at the beginning of time step

Net Gain from Land

The net moisture gained from other land use areas as
the area of urban lands increase (a negative value

27 . .
Expansion (+) represents loss of moisture due to the decrease of
urban area)
Total infiltration on the urban lands computed as the
. . summation of precipitation, prime applied water and
28 Infiltration (+) u ! precipitation, pri pplied w

inflow as surface runoff less runoff and net return
flow

29 Other Inflow (+)

Moisture inflow from other generic moisture sources
such as lateral seepage

30 Actual ET (-)

Actual evapotranspiration in urban lands
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31

Percolation (-)

Percolation from the root zone which is the vertical
moisture outflow from the bottom of the root zone
in urban areas

32

Ending Storage (-)

Root zone moisture in urban lands at the end of the
time step computed as the summation of the
beginning storage and the net inflow into the root
zone

33

Discrepancy (=)

Mass balance error check for the moisture storage in
the root zone of urban lands

Native and Riparian Vegetation Area

34

Area

Native and riparian vegetation area

35

Potential ET

Potential evapotranspiration for native and riparian
vegetation

36

Precipitation

Precipitation that falls on areas with native and
riparian vegetation

37

Inflow as Surface Runoff

Surface runoff (sum of rainfall runoff and return flow
from agricultural and urban lands) from upstream
elements and subregions that flows into the lands
with native and riparian vegetation

38

Runoff

Direct runoff of precipitation that falls on areas with
native and riparian vegetation

39

Beginning Storage (+)

Root zone moisture in areas with native and riparian
vegetation at the beginning of time step

40

Net Gain from Land
Expansion (+)

The net moisture gained from other land use areas as
the area of native and riparian vegetation increase (a
negative value represents loss of moisture due to the
decrease of native and riparian vegetation area)

41

Infiltration (+)

Total infiltration on areas with native and riparian
vegetation; computed as the sum of precipitation
and inflow as surface runoff less runoff

42

Other Inflow (+)

Moisture inflow from other generic moisture sources
such as lateral seepage

43

Actual ET ()

Actual evapotranspiration in areas with native and
riparian vegetation

44

Percolation (-)

Percolation from the root zone which is the vertical
moisture outflow from the bottom of the root zone
in areas with native and riparian vegetation

45

Ending Storage (+)

Root zone moisture in areas with native and riparian
vegetation at the end of the time step; computed as
the summation of the beginning storage and the net
moisture inflow

46

Discrepancy (=)

Mass balance error check for the moisture storage in
the root zone of lands with native and riparian
vegetation

If a DSS file is used for print-out, the following pathnames are used:

Running IDC
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Part A:
IWEM_ZBUD
Part B:
ZONE: XXX where XXX is the zone number
Part C:
One of the following, depending on the output data:
i. AREA
ii. VOLUME
PartD:

Start date of the time series depending on the values of the BDT and EDT
variables (starting and ending date and time of budget print-out)
Part E:
Print-out interval for the zonal root zone budget as specified in the Z-
Budget Main Input File
Part F:
One of the following, depending on the output data (refer to the table above
for further details):
i AG_AREA (corresponds to column 2 in text output file)
ii. AG_POT _ET (corresponds to column 3 in text output file)
iii. " AG_PRECIP (corresponds to column 4 in text output file)
iv.. . AG_RUNOFF (corresponds to column § in text output file)
V. AG_PRM_H20 (corresponds to column 6 in text output file)
vii  AG_SR_INFLOW (corresponds to column 7 in text output file)
vii. ~AG_RE-USE (corresponds to column 8 in text output file)
viii. AG_NT RTRN_FLOW (corresponds to column 9 in text output
file)
ix. ~ AG_BEGIN_STOR (corresponds to column 10 in text output file)
X. AG_GAIN_EXP (corresponds to column 11 in text output file)
xi.  AG_INFILTR (corresponds to column 12 in text output file)
xii. =~ AG_OTHER_INFLOW (corresponds to column 13 in text output
file)
xili. AG_ET (corresponds to column 14 in text output file)
xiv. ~AG_PERC (corresponds to column 15 in text output file)
xv. AG_END_STOR (corresponds to column 16 in text output file)
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xvi. AG_DISCREPANCY (corresponds to column 17 in text output
file)

xvii. URB_AREA (corresponds to column 18 in text output file)

xviii. URB_POT_ET (corresponds to column 19 in text output file)

xix. ~ URB_PRECIP (corresponds to column 20 in text output file)

xx.  URB_RUNOFF (corresponds to column 21 in text output file)

xxi. URB_PRM_H2O (corresponds to column 22 in text output file)

xxii. URB_SR_INFLOW (corresponds to column 23 in text output file)

xxili. URB_RE-USE (corresponds to column 24 in text output file)

xxiv. URB_NT RTRN_FLOW (corresponds to column 25 in text
output file)

xxv. URB_BEGIN_STOR (corresponds to column 26 in text output
file)

xxvi. URB_GAIN EXP (corresponds to column 27 in text output file)

xxvii. URB_INFILTR (corresponds to column 28 in text output file)

xxviii. URB_OTHER_INFLOW (corresponds to column 29 in text
output file)

xxix. URB_ET (corresponds to column 30 in text output file)

xxx. URB_PERC (corresponds to column 31 in text output file)

xxxi. URB_END_STOR (corresponds to column 32 in text output file)

xxxii. URB_DISCREPANCY (corresponds to column 33 in text output
file)

xxxili. NRV_AREA (corresponds to column 34 in text output file)

xxxiv. NRV_POT_ET (corresponds to column 35 in text output file)

xxxv. NRV_PRECIP (corresponds to column 36 in text output file)

xxxvi. NRV_SR_INFLOW (corresponds to column 37 in text output file)

xxxvii. NRV_RUNOEFF (corresponds to column 38 in text output file)

xxxviii. NRV_BEGIN_STOR (corresponds to column 39 in text output
file)

xxxix. NRV_GAIN EXP (corresponds to column 40 in text output file)

xl.  NRV_INFILTR (corresponds to column 41 in text output file)

xli. ~NRV_OTHER_INFLOW (corresponds to column 42 in text
output file)

xlii. NRV_ET (corresponds to column 43 in text output file)

xliii. NRV_PERC (corresponds to column 44 in text output file)
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xliv. NRV_END_STOR (corresponds to column 45 in text output file)
xlv.  NRV_DISCREPANCY (corresponds to column 46 in text output
file)
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9. Budget Post-Processor

IDC prints out its results into HDFS files to decrease the computer run times as well
as the size of the output files. The information in these HDFS files need to be
processed to generate understandable information in a table format. The Budget
post-processor is created for this purpose and it is available for download from the
IDC’s web site at http://baydeltaoffice.water.ca.gov/modeling/hydrology/TWFM/
IDC/index IDC.cfm.

Budget post-processor can process multiple HDFS files at the same time. The
user specifies the number of HDFS files to be processed, the names of these files and
the output files where the processed results will be printed out.

For each HDFS file to be processed the user can choose the “locations” for
which the IDC results will be listed in a tabulated form. A location can either be a
subregion or a set of specified land-uses at a subregion. For instance, the user can
specify names for root zone moisture, and land and water use budget files in the
Root Zone Parameter File. For these files, a location is a subregion. If the model has
20 subregions, then the user can choose in the Budget post-processor to process
these two HDFS files and generate tabulated data for all or some of the subregions.

Similar output file names can also be specified for non-ponded and ponded
crops as well as urban, native vegetation and riparian vegetation lands. In this case, a
location will be a land-use and subregion combination. For instance, if the user
chooses to generate HDFS soil moisture budget file for 4 crops (e.g. grain, alfalfa,
corn and sugar beets), the first location for the processed and tabulated data will be
grain in the first subregion, second location will be alfalfa in the first subregion, third
location will be corn in the first subregion, etc. Fifth location will be grain in the
second subregion.

By using the output features of IDC and Budget post-processor the user can
obtain detailed land and water use as well as soil moisture budgets for total
agriculture, urban, and native and riparian vegetation lands as well as for specific
crops in each subregion.

When executed, Budget post-processor asks for the name of the Budget Main
Input File which is described below.
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9.1. Budget Main Input File

The Budget Main Input File contains output unit controls, beginning and ending
simulation times for the budget print-out, names of the HDFS files to be processed,
budget print-out locations and the print-out interval of the budget data.

The values stored in the HDFS files have units used in the IDC run. The output
unit control information allows the user to print out the budget data in a different set
of units. The user is required to enter the beginning date and time, BDT, and the
ending date and time, EDT for the budget outputs. The user can process as many
budget files as needed. A single HDFS file can be processed multiple times with
different output intervals. For each HDFS file to be processed, the user is required to
enter the name of the HDFS file, the name of the output file, output interval,
number of locations for budget print-out and a list of the location indices. If the
output interval is greater than the simulation time step, the budget flow terms will be
accumulated over the output interval.

The meaning of location depends on the type of the budget file being processed.
For instance, for subregional root zone budget, location represents a subregion. For
crop specific root zone budget a location represents agricultural lands occupied by a
specific crop at a subregion. When location is specified as —1, Budget post-processor
prints out budget tables for all locations in that particular budget class. If a value of 0
is specified for the location, then Budget suppresses the processing of the budget
tables.

The following is a list of variables that need to be defined in this file:

FACTLTOU Factor to convert simulation unit of length to output unit of
length

UNITLTOU Output unit of length (maximum of 8 characters)

FACTAROU Factor to convert simulation unit of area to output unit of
area

UNITAROU Output unit of area (maximum of 8 characters)

FACTVLOU Factor to convert simulation unit of volume to output unit
of volume
UNITVLOU Output unit of volume (maximum of 8 characters)

CACHE  Cache size in terms of number of output values stored in the
memory before being printed to the output file; a large CACHE value (e.g. S0000 or

more depending on the memory resources of the computer where Budget runs are
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taking place) can drastically decrease the program run-time especially when the
budget tables are printed out to a DSS file.

TBEGIN Beginning time step for the budget tables; used only for non-time-
tracking simulations (note that IDC only performs time-tracking simulations)

TLAST  Ending time step for the budget tables; used only for non-time-
tracking simulations (note that IDC only performs time-tracking simulations)

BDT Beginning date and time for the budget tables; used only for time-
tracking simulations

EDT Ending date and time for the budget tables; used only for time-
tracking simulations

NBUDGET Number of budget files to be processed

NBUDGET, described above, informs the Budget post-processor about the
number of budget files that will be processed. For each of the budget files to be
processed the following variables need to be set:

HDFFILE Name of the HDFS budget file (maximum 1000 characters)

OUTFILE Name of the budget output file (maximum 1000 characters); the
filename extension dictates if the output file will be text file or a DSS file (see section
8.2 for file types and corresponding filename extensions)

INTPRNT Interval for budget print-out (budget flow terms will be
accumulated over the output interval); this should be one of the units recognized by
HEC-DSS that are listed in the IDC Main Input File. If left blank, the print-out
interval will be the same as the simulation time step.

NLPRNT Number of locations for budget table print-out; a location
corresponds to different spatial attributes depending on the type of the budget table
being processed (e.g. a subregion for subregional root zone budgets, lands that are
occupied by a specific crop in a subregion for crop specific root zone budget, etc.)

LPRNT  Index for locations for which a budget table will be generated; for

budget tables at subregions, the index for the entire domain is the number of

subregions plus 1 (—1 = print budget tables for all locations, 0 = suppress printing of
all budget tables)
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o L Rk B S L L L e T R T TS

c

[o3 INTEGRATED WATER FLOW MODEL (IWFM)

o **% Version ###F *+*

[+3

i hhkok ko A AR A AR A Ak b ARk kA K wr * * Ak kot

BUDGET INPUT FILE
for IWFM Post=-Processing

Project: 1IDC Version ### Release
California Department of Water Resources
Filename: Budget.in

D AR E R T e ok * + Fhkk kR h Rk ke ko k ko

File Descriptien

This file contains the names of all HDF5 input files,
conversion factors and output centrol cptions for running the post-processor.

ek ke ek ok ok ok ke ok ok ko ok ok ok ok ok ke ok ok ok ek ok ok ok o ok ke ok ok ko kb ok kR ok ko

Qutput Unit Control

FACTLTOU; Factor to convert simulation unit of length to output unit of length
UNITLTOU; Output unit of length (8 characters max.)

FACTAROU; Facter to convert simulation unit of area teo cutput unit of area
UNITAROU; Qutput unit of area (B characters max.)

FACTVLOU; Factor to convert simulation unit of velume to output unit of volume
UNITVLOU; Output unit of wvolume (8 characters max.)

noanNnaaoanNoaNanNacanNanoanNeananea

VALUE DESCRIPTION
1.0 / FACTLTOU
FT. / UNITLTOU
2.295684114e-5 / FACTAROU (sq.ft. -> ac)
AC. / UNITAROU
2.295684114e-5 / FACTVLOU (cu.ft. ->» ac.ft.)
AC.FT. / UNITVLOU
Ch AR R E AR R R AR TR RRE KA ER KRR RKKE R xx * * AR R AR EA
C Output Cache Size
c
c CACHE; Cache size in terms of number of values stored for time series
[+3 data ocutput
C
[oI—
[+ VALUE DESCRIPTION
[oI— a——m
500000 / CACHE
Gk koA AR KRR Rk Rk AR R A K *x * * TR R Rk

Budget Cutput Contreol Options
{Simulation Date and Time NOT Tracked)

If the actual simulation date and time is NOT tracked enter the following
variables., Otherwise, comment out the following variables and use the
"Simulation Date and Time NOT Tracked" option below.

TBEGIN ; Beginning time for the budget tables
* Use ##.# format

TLAST ; Ending time for the budget tables
* Use ##.# format

VALUE DESCRIPTION

/ TBEGIN
/ TLAST

Budget Cutput Contreol Options
{Simulation Date and Time Tracked)

If the actual simulation date and time is tracked enter the fellowing
variables. Otherwise, comment out the following variables and use the
"Simulation Date and Time NOT Tracked" option above.

BDT ; Begining date and time for the budget output
* Use MM/DD/YYYY_HH:MM format
* Midnight is 24500
EDT ; Ending date and time for the budget output
* Use MM/DD/YYYY HH:MM format
* Midnight is 24:00

QOO NONNaNQaNONOAN+x+0aNaNQaNaNQanNan

VALUE DESCRIPTION
09/30/1980_24:00 / BDT
09/30/2006_24:00 / EDT

oo s s Tk ook o o o o s ok sk ko sk ok ks ok
Budget OQutput Data

List below the number of budget classes (i.e. groundwater budget, stream
budget, small watershed budget, etc.), and for each budget class list the
input file, output file and the locations for which a budget table will
be generated.

NBUDGET ; Number of budget classes to be printed
HDFFILE ; Name of the input budget file {(max. 1000 characters)
OUTFILE ; Name of the budget output file (max. 1000 characters)

INTPRNT ; Interval for budget print out (e.g. 1DAY, IMONTH, etc.). The interval
must be a one of those listed in the Main Input File for the
executable that generated the HDF5 input files.

* Leave blank to use the same interval as the data.
* This interval will only be used for simulation with
date and time tracked

NLPRNT ; Number of location indices for budget table print-out

LPRNT ; Index for locations (i.e. subregions, lakes, stream reaches, etc.
depending on the budget class) for which a budget table will be
generated. For budget tables at subregions, the index for the
entire domain is the number of subregions plus 1.

* Enter -1: to print budget tables for all locations

noanNnaoaooanaoananNaananoaan
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0: to suppress printing of any budget tables

VALUE DESCRIPTION

/ NBUDGET
[ L 2

QOO0

[ Data for Budget Class 1
cC
C —_——— -
[ VALUE DESCRIPTION
C —_———— -
LWU.HDF / HDFFILE
LWU.BUD / OUTFILE
1mon / INTPRNT
1 / NLPRNT
-1 / LPRNT[1]

[ L L T R R

c Data for Budget Class 2
c
[od _———- -
C VALUE DESCRIPTION
c ——— -
RZ.HDF / HDFFILE
RZ.BUD / OUTFILE
/ INTPRNT
1 / NLPRNT
-1 / LPRNT[1]

[ T e

c Data for Budget Class 3
C
c ——- -
C  VALUE DESCRIPTION
c P _
NonPondedAgLWU . hdf / HDFFILE
NonPondedAgLWU. bud / OUTFILE
/ INTPRNT
3 / NLPRNT
1 / LPRNT[1]
7 / LPRNT[2]
14 / LPRNT[3)

[ b e T T e

C Data for Budget Class 4
(o)
[od _———— -
o] VALUE DESCRIPTION
c ——— -
NonPondedAgLWU. hdf / HDFFILE
NonPondedARgLWU_ANNUAL. bud / OUTFILE
lyear / INTPRNT
1 / NLPRNT
-1 / LPRNT[1]
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10. Z-Budget Post-Processor

While Budget post-processor tabulates simulation results for predefined subregions,
Z-Budget post-processor allows the user to group selected elements into zones, and
compiles and tabulates water budgets for these zones. This post-processing
approach allows the user to zoom in on areas within the model boundary to examine
the flow processes in these areas.

All output files the Z-Budget post-processor generates are text files that include
tabular data. To perform any analysis, these data are generally needed to be
imported into other software such as Microsoft Excel. Alternatively, the user can
download and install the IWFM Tools Add-in for Excel 2007-2013 from IWFM’s
web site (http: / /baydeltaoffice.water.ca.gov/modeling/hydrology/TWFM/
SupportTools/index SupportTools.cfm). This tool allows easy import of the data
stored in the HDFS Z-Budget files into Microsoft Excel.

This chapter describes the input files and provides file samples for the Z-Budget

post-processor.

10.1. Z-Budget Main Input File

The Z-Budget Main Input File contains output unit controls, beginning and ending
simulation times for the Z-Budget print-out, names of the HDFS files to be
processed, zones for which tabulated data will be generated and the print-out
interval of the tabulated data.

The values stored in the HDFS files have units used in the Simulation. The
output unit control information allows the user to print out the tabulated datain a
different set of units. Beginning and ending date of the Z-Budget output are required
to be specified. The output begin date can be later than the beginning date of the
model simulation period and the output end date can be earlier than the ending date
of the simulation period, allowing the user to zoom in on short time periods within
the simulation period for analysis.

The user can process as many Z-Budget HDFS files as needed. A single HDFS
file can be processed multiple times with different output intervals or for different
zone definitions. For each HDFS file to be processed, the user is required to enter
the name of the HDFS file, the name of the file that includes the zone definitions,

the name of the output file, output interval for time-tracking simulations, number of
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zones for print-out and a list of the zone indices for the print-out. If the output
interval is greater than the simulation time step, the Z-Budget flow terms will be
accumulated over the output interval.
The following is a list of variables that need to be defined in this file:
FACTAROU  Factor to convert simulation unit of area to output unit of area
UNITAROU  Output unit of area (maximum of 8 characters)
FACTVLOU  Factor to convert simulation unit of volume to output unit of
volume
UNITVLOU  Output unit of volume (maximum of 8 characters)
CACHE Cache size in terms of number of output values stored in the
memory before being printed to the output file; a large
CACHE value (e.g. 50000 or more depending on the memory
resources of the computer where Z-Budget runs are taking
place) can drastically decrease the program run-time

especially when the tabulated data are printed out to a DSS

file.
BDT Beginning date and time for the Z-Budget tables
EDT Ending date and time for the Z-Budget tables

NZBUDGET  Number of Z-Budget HDFS files to be processed

NZBUDGET, described above, informs the Z-Budget post-processor about the
number of HDFS files that will be processed. For each of the HDFS files to be
processed the following variables need to be set:

ZDEFFILE Name of the zone definition file (maximum 1000 characters);

the contents of this file are described in the next section

HDFFILE Name of the input HDFS Z-Budget file (maximum 1000
characters)
OUTFILE Name of the Z-Budget output file (maximum 1000

characters); the filename extension dictates if the output file
will be text file or a DSS file (see section 8.2 for file types and
corresponding filename extensions)

INTPRNT Interval for Z-Budget print-out (flow terms will be
accumulated over the output interval); this should be one of
the units recognized by HEC-DSS that are listed in the IDC
Main Input File. If left blank, the print-out interval will be the

same as the IDC model time step.

IWFM Demand Calculator, IDC-2015 | 287



IWFM Demand Calculator
IDC-2015

Z-Budget Post-Processor

NZPRNT

ZPRNT

Number of zones for which tabulated output is required; enter
1if ZPRNT is set to —1 or O (see below)
Index for zones for which tabulated data will be generated (—1

= print tabulated data for all zones; 0 = suppress printing of
tabulated data for all zones)
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c
c
c

c
(S b ko ek

B R T

KRk kR R AR A

cooNONOONOQOONONQOnNQON0N0n0

This file contains the names of all HDF5 Z-Budget input files,
factors and output control options for running the post-processor.

INTEGRATED WATER FLOW MODEL
**% Version 2015 *#*

(IWEM)

ek ok ko s ook ok ok ke ks ok ko ok ok ke ok ks ko kK ok ke ok ek

Z-BUDGET MAIN INPUT FILE
for IWFM Post-Processing

IDC Version ### Release
California Department of Water Resources
Filename: ZBudget.in

Project :

ek ook kb koo ko sh o sk ok ke skt ok e ok ok ok e
File Descripticn

conversion

bk bk R bk kA bk kR Rk Rk Rk bR Rk R Rk bk Rk kR kb b
z-Budget Output Control

FACTARQU; Factor to convert simulation unit of area to output unit of area
UNITARQU; Cutput unit of area (8 characters max.}
FACTVLOU; Factor to convert simulation unit of velume to output unit of velume
UNITVLOU; Cutput unit of volume (8 characters max.)
CACHE ; Cache size in terms of number of values stored for time series
data output
[ —
c VALUE DESCRIPTION
Cmmmm mmm e e o e e e e
0.000022957 / FACTAROU (sq.ft. -> ac.)
. / UNITAROU
0.000022957 / FACTVLOU (cu.ft. -» ac.ft.)
AF. / UNITVLOU
500000 /

Caas sk ha ks henk

B N L T T

o} Z-Budget Output Period
C
c BDT ; Begining date and time for the Z-Budget output
c * Use MM/DD/YYYY HH:MM format
(o4 * Midnight is 24:00
[of EDT ; Ending date and time for the Z-Budget output
c * Use MM/DD/YYYY HH:MM format
[of * Midnight is 24:00
C
J
c VALUE DESCRIPTION
09/30/1921 24:00 / BDT

09/30/2015 24:00

Ok ke k ke k k

Tk ke ko Rk ko ko koo ok ok Kk ko ok ok Rk Rk ok kR ok Rk kK k ko
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c Z-Budget Output Data
[+
c List below the number of Z-Budget types (i.e. groundwater Z-Budget, root zone
c Z-Budget, land & water use Z-Budget, etc.), and for each Z-Budget type list the
[o] zene definition file, input HDFS file, cutput file and the locations for which a
c Z-Budget table will be generated.
[+
c NZBUDGET; Number of Z-Budget types to be printed
c ZDEFFILE; Name of the zone definition file {max. 1000 characters)
c HDFFILE ; Name of the input z-Budget file (max. 1000 characters
c OUTFILE ; Name of the Z-Budget output file {max. 1000 characters)
[o] INTFRNT ; Interval for Z-Budget print cut (e.g. 1DAY, 1MONTH, etc.). The interval
(o} must be a one of those listed in the Main Input File for the
c executable that generated the input HDFS files.
c * Leave blank to use the same interval as the data.
C  NZPRNT ; Number of zones for Z-Budget print-out (not all the zones listed above
c need to be processed)
c ZPRNT i Zone numbers for which a Z-Budget table will be generated
c * Enter -1: to print Z-Budget tables for all zones
c 0; to suppress printing of any Z-Budget tables
c
e
(o4 VALUE DESCRIPTION
(mmmmmmmmm e mm e m e ———m e m e —m e ————————
4 / NZBUDGET
o R R R R L R LS Rl T R L L L R L L T oy
C Data for Z-Budget Type 1
c
(o e
c VALUE DESCRIPTION
Zones Subregions.dat / ZDEFFILE
LandWater ZBudget.hdf / HDFFILE
LandWater_ ZBud SR.bud / OUTFILE
/ INTERNT
1 / NZPRNT
-1 / ZPRNT[1]
G ek kb ek ke ke ke bk ko ko ko ke kR Ak ko
c Data for Z-Budget Type 2
c
fo—
c VALUE DESCRIPTION
Cmm = e e e
Zones_Subregions.dat / ZDEFFILE
LandWater_ZBudget.hdf / HDFFILE
LandWater_zBud_SR.bud / OUTFILE
1YEAR / INTERNT
1 / NZPRNT
3 / ZPRNT[1]
7 / ZPRNT[2]
8 / ZPRNT[3]

/ ZPRNT[4]
T e T L
c Data for Z-Budget Type 3
c
Je
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C  VALUE DESCRIPTICN
c —
Zones DAUs.dat / ZDEFFILE
LandWater ZBudget.hdf / HDFFILE
LandWater_ZBud DAU.bud / OQUTFILE
/ INTPRNT
1 / NZPRNT
-1 / ZPRNT[1)

[

C Data for Z-Budget Type 4
[}
c I
c VALUE DESCRIPTICN
C T
Zones Elements.dat / ZDEFFILE
RootZone_zBudget.hdf / HDFFILE
RootZone_ZBud_Elems.bud / OUTFILE
1IMON / INTPRNT
7 / NZPRNT
567 / ZPRNT[1]
1002 / ZPRNT[2]
568 / ZPRNT[3)
573 / ZPRNT[4]
1003 / ZPRNT[5]
574 / ZPRNT[6]
1006 / ZPRNT[7]

290 |  IWFM Demand Calculator, IDC-2015



IWFM Demand Calculator
IDC-2015

Z-Budget Post-Processor

10.2. Zone Definition File

In the Zone Definition File one or more elements are grouped into zones. Each zone
is identified with an integer number. Zone numbers don’t have to start from 1 and
they don’t need to be sequential. A single element cannot be associated with more
than one zone. Not all elements need to be associated with a zone; by default each
element is assigned the undefined zone number, —99. However, at least one element
must be listed in the Zone Definition File with a zone number that is different than
—99. Since —99 is a special zone number for the Z-Budget post-processor, it is not
allowed to assign elements with this zone number explicitly.

In theory, zones can be defined both in horizontal and vertical directions. Zone
definition in the vertical requires flow processes that operate on three-dimensional
space (such as the groundwater or the unsaturated zone processes simulated in
IWFM). The root zone process simulated by IDC is only two-dimensional; the root
zone flows vary in the horizontal but the system is represented with a single root
zone layer in the vertical. Therefore, for Z-Budget outputs produced by IDC zones
can only be defined by grouping elements in the horizontal.

Below is a list of the variables that need to be populated in the Zone Definition

File:

ZEXTENT Extent of the zone numbering (1 = zone numbering is defined
for horizontal plane and will be used for all layers in the
vertical; 0 = different zone numbering is specified for each
layer in the vertical); this variable must be set to 1 always to
process IDC-generated Z-Budget files

Z1D Zone number for which a name is defined

ZNAME Name of each zone (maximum S0 characters)

IE Element number

LAYER Layer number at which element is located; this variable must
always be left blank to process IDC-generated Z-Budget files

ZONE Zone number; any integer number except —99 is allowed
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(e o o oo ok o ok ok ok ok ok ok ok ek koo o o ko o o ke o e o ok o ke o

C
(o4 INTEGRATED WATER FLOW MODEL (IWFM)
C *** Version 2015 **=*

(ke ko ok ok ko ok ok ko ok ok ok ok ko ko ko ko ko ke ok ok ok ok ok ok ok ok ok ok ko ko ko ok ke k

ZONE DEFINITICON INPUT FILE
for IWFM Z-Budget Post-Processing

Project : IDC Version #it# Release
California Department of Water Resources
Filename: Zones DAUs.dat

ek ko ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke ko ke sk ke ok sk ok ok ke ok ke ok ke ok ok ok ke ok ke ok ok ok ok ke ok ok ok ok ok ok ok ok

File Description

This file contains zone definitions to be used with the Z-Budget post-processor.

e e ok ko ko ok ok ok o ok o ok ko ok ok ok ok ok ok ok ok ok ok ok kK ok ok ok ok ok ke ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

Zone Information

The following lists the zone numbers that the elements of the finite element
mesh belong to. Element number, layer number (this information is

optional depending on the value of ZEXTENT above) and the zone number that

the element belongs to are required information. It is not necessary to list

all elements at all layers and assign a zone number to each of them.

By default, each element is given a zone number of -99. Therefore, any elements
that are not listed below will constitute zone -59.

** Note: If wvariable ZEXTENT below is set to 1, do not specify LAYER below. If
ZEXTENT is set to 0, it is required that LAYER for each element below
is specified.

ZEXTENT ; Extent of the the zone numbering
1 = Zone numbering is defined for horizontal plane and will be
used for all layers
0 = Different zone numbering is specified for each layer

aaogaooaoaoaaoaoooaoaooaoaoaoaaoooOooaoaoaoaoaoaooaaaaan0n

ZID ; Zone number for which a name is defined
ZNAME ; Name of each zone (maximum 50 characters)
IE ; Element number
LAYER ; Layer number at which element is located
*Leave blank if ZEXTENT = 1
ZONE ¢ Zone number
VALUE DESCRIPTION
1 / ZEXTENT
Cmmmmm e -
c ZID ZNAME
Cm e -
1 DAU 41
2 DAU_139
3 DAU 141
57 DAU 259
58 DAU 260
59 DAU_261
. -
C IE LAYER ZONE
Cmmm e ——
1 3
2 5
3 5
4 5
5 5
6 5
7 3
8 5
1385 56
1386 59
1387 59
1388 56
1389 56
1390 59
1391 56
1392 56
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11. Linking IDC to Other Models

The source code of IDC has been compiled into a dynamic link library (DLL) which
is the IDC Application Programing Interface (API). The API exposes the
procedures necessary to link IDC to other models.

When IDC is linked to other models it still requires the same input data files that
are utilized when IDC is used as a stand-alone model. This means that some
information that is used by the linking model may need to be re-structured in a
format that IDC expects. For instance, the linking model may already be using
precipitation data for other processes it simulates. Since IDC also requires
precipitation as input the same or additional precipitation data needs to be re-
structured into the format that IDC expects. Another information that needs to be
redefined in a format that IDC requires is the configuration of the computational
grid. If the linking model utilizes a finite-element grid, it is likely that the format of
the grid configuration data for the linking model is in a different format than IDC
requires. In this case, the grid configuration needs to be redefined in the format that
IDC expects to read. Similarly, if the linking model utilizes a finite-difference grid,
the grid configuration should be redefined as if it is a finite-element grid in the
format that IDC expects.

To successfully link IDC to other models, the modeler needs to know the
interfaces to the exported procedures in the IDC API. Next, the exported

procedures and their interfaces are given.

11.1. Calling Convention

IDC API is written using Fortran 2008 programming language. It is compiled for
both 32-bit and 64-bit Microsoft Windows OS. The following approach and data
standards are used in the API:

1. To avoid possible stack overflows, heap memory is used.

2. All procedure arguments are C data types.

3. Allreal number arguments that appear in procedure interfaces are
defined as 64-bit (8-byte) C double arguments. In this document, a real

type is denoted by REAL (C_DOUBLE).
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4. Allinteger arguments that appear in procedure interfaces are defined as
32-bit (4-byte) C int arguments. In this document, an integer type is
denoted by INTEGER(C_INT).

S. String arguments are passed as an array of C characters using the name
of the argument and the number of characters in the string. In this
document, a string type is denoted by CHARACTER(C_CHARY).

6. The API allows passing arrays of real and integer arguments. This is
accomplished by passing a reference to the first element of the array
along with its size. Note that Fortran uses 1-based arrays and it uses
column-major order (i.e. first array index changes the fastest) when
ordering multi-dimensional arrays. Care must be taken when the API is
called from languages that use 0-based arrays and row-major ordering.

7. IDC API uses C calling convention and it expects all arguments to be

passed by reference.

11.2. Procedure Interfaces

11.2.1. IDC_GetMainControlData

Given the name of the Main Control Data File, this procedure reads information

stored in this file and initializes the simulation time period.

SUBROUTINE IDC_GetMainControlData(LenFileName,MainFileName,iStat)

INTEGER(C_INT),INTENT(IN) :: LenFileName
CHARACTER(C_CHAR),INTENT(IN) :: MainFileName(LenFileName)
INTEGER(C_INT),INTENT(OUT)  :: iStat

END SUBROUTINE IDC_GetMainControlData

LenFileName : Length of the name for the Main Control Data file.
MainFileName : Name of the Main Control Data File
iStat : Error code that is returned by the procedure; O represents

successful execuation of the procedure
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11.2.2. IDC_InitApp

Using the information included in the data files that are listed in the Main Control
Data File, this procedure instantiates the simulation grid, precipitation,

evapotranspiration and root zone components for the simulation.

SUBROUTINE IDC_InitApp(iStat)
INTEGER(C_INT),INTENT(OUT) :: iStat
END SUBROUTINE IDC_InitApp
iStat : Error code that is returned by the procedure; 0 represents

successful execuation of the procedure.

11.2.3. IDC_ConvertTimeUnit

This subroutine converts the time units initially defined for IDC parameters to the

simulation time unit.

SUBROUTINE IDC_ConvertTimeUnit(LenNewUnit,NewUnit
INTEGER(C_INT),INTENT(IN)  :: LenNewUnit
CHARACTER(C_CHAR), INTENT(IN) :: NewUnit(LenNewUnit)
END SUBROUTINE IDC_ConvertTimeUnit
LenNewUnit  : Length of the name of the simulation time unit; for instance, if
simulation time unit is ‘1DAY’, then LenNewUnit is 4 (i.e.
number of characters in ‘1DAY’)
NewUnit : Simulation time unit into which time units of IDC parameters

will be converted.

11.2.4. IDC_AdvanceTime

This procedure advances the time step for IDC and generates the new time stamp
using the length of time step specified in the Main Control Data File. The new time

stamp is used to read locate and read data from the time-series input data files.

SUBROUTINE IDC_AdvanceTime(iStat)
INTEGER(C_INT),INTENT(OUT) :: iStat
END SUBROUTINE IDC_AdvanceTime
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iStat : Error code that is returned by the procedure; O represents

successful execuation of the procedure.

11.2.5. IDC_ReadTSData

This procedure reads data from time-series input files for the corresponding time

step in the simulation.

SUBROUTINE IDC_ReadTSData(iStat)
INTEGER(C_INT),INTENT(OUT) :: iStat
END SUBROUTINE IDC_ReadTSData
iStat : Error code that is returned by the procedure; O represents

successful execuation of the procedure.

11.2.6. IDC_ComputeGWInflow

Given depth-to-groundwater and specific yield of the aquifer material, this
procedure calculates the potential amount of groundwater that can contribute to the

plant evapotranspiration.

SUBROUTINE IDC_ComputeGWInflow(NElements,DepthToGW, Sy
INTEGER(C_INT),INTENT(IN) :: NElements
REAL(C_DOUBLE), INTENT(IN) :: DepthToGW(NElements),Sy(NElements)
END SUBROUTINE IDC_ComputeGWInflow
NElements : Number of cells in the computational grid.
DepthToGW  : Depth-to-groundwater at each cell as measured from ground
surface.

Sy : Aquifer specific yield at each cell.

11.2.7. IDC_GetRatio_DestSupplyToRegionSupply_Ag

This procedure returns the ratio of the agricultural water demand at each demand
location to the total agricultural water demand at the subregion that each demand
location belongs to. These ratios can then be used to distribute subregional water

supplies to specific demand locations within those subregions.
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SUBROUTINE IDC_GetRatio_DestSupplyToRegionSupply_Ag(NLocations,Ratio)
INTEGER(C_INT),INTENT(IN) :: NLocations
REAL (C_DOUBLE), INTENT(OUT) :: Ratio(NLocations)
END SUBROUTINE IDC_GetRatio_DestSupplyToRegionSupply Ag
NLocations : Number of demand locations.
Ratio : Ratio of agricultural water demand at each demand location to
the total agricultural water demand at the subregion that the

demand location belongs to.

11.2.8. IDC_GetRatio_DestSupplyToRegionSupply_Urb

This procedure returns the ratio of the urban water demand at each demand
location to the total urban water demand at the subregion that each demand
location belongs to. These ratios can then be used to distribute subregional water

supplies to specific demand locations within those subregions.

SUBROUTINE IDC_GetRatio_DestSupplyToRegionSupply_Urb(NLocations,Ratio)
INTEGER(C_INT),INTENT(IN) :: NLocations
REAL(C_DOUBLE),INTENT(OUT) :: Ratio(NLocations)
END SUBROUTINE IDC_GetRatio_DestSupplyToRegionSupply Urb
NLocations : Number of demand locations.
Ratio : Ratio of urban water demand at each demand location to the
total urban water demand at the subregion that the demand

location belongs to.

11.2.9. IDC_ComputeWaterDemand

This procedure computes applied water demand for ponded and non-ponded

agricultural crops as well as for urban areas.

SUBROUTINE IDC_ComputeWaterDemand(iStat)
INTEGER(C_INT),INTENT(OUT) :: iStat
END SUBROUTINE IDC_ComputeWaterDemand

iStat : Error code that is returned by the procedure; 0 represents

successful execuation of the procedure.

IWFM Demand Calculator, IDC-2015 | 297



IWFM Demand Calculator
IDC-2015

Linking IDC
11.2.10. IDC_GetFlowsToStreams

This procedure returns the surface flows into each stream node in terms of return
flows and rainfall runoff as well as the required outflow (actual amount is limited by
the amount of actual flow in the stream) from each stream node due to riparian

evapotranspiration at each stream node.

SUBROUTINE IDC_GetFlowsToStreams(NStrmNodes,DirectRunoff,ReturnFlow,
RipariankT)
INTEGER(C_INT),INTENT(IN) :: NStrmNodes
REAL(C_DOUBLE),INTENT(OUT) :: DirectRunoff(NStrmNodes),
ReturnFlow(NStrmNodes),
RiparianET(NStrmNodes)
END SUBROUTINE IDC_GetFlowsToStreams

NStrmNodes : Number of stream nodes simulated in the system.

DirectRunoff ~ : Rainfall runoffinto each stream node as calculated by IDC.

ReturnFlow : Agricultural and urban return flow into each stream node as
calculated by IDC.
RiparianET : Required outflow from each stream node to meet the riparian

evapotranspirative demand.

11.2.11.1DC_ZeroSupply

This procedure resets the water supply to each element to zero.

SUBROUTINE IDC_ZeroSupply(iStat)
INTEGER(C_INT),INTENT(OUT) :: iStat
END SUBROUTINE IDC_ZeroSupply
iStat : Error code that is returned by the procedure; O represents

successful execuation of the procedure.

11.2.12.1DC_SetSupply

This procedure sets the water supply to each demand location (element or
subregion). The source of water supply can be either stream diversions or
groundwater pumping. Water supply can be assigned to each element or to each

subregion. If the supply is assigned to each subregion than IDC distributes the
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subregional water supply to individual elements in proportion to the water demand
at each element in the subregion. This procedure can be called multiple times to
represent a mixture of pumping and diversions to elements or subregions. When the

procedure is called multiple times, IDC accumulates supplies to elements.

SUBROUTINE IDC_SetSupply(NLocations,Supply,SupplyType,iStat)
INTEGER(C_INT),INTENT(IN) :: NLocations,SupplyType
REAL(C_DOUBLE),INTENT(IN) :: Supply(NLocations)
INTEGER(C_INT),INTENT(OUT) :: iStat

END SUBROUTINE IDC_SetSupply

NLocations : Number of demand calculation locations.
Supply : Water supply amounts to each element or subregion.
SupplyType : Enter 1 if source of water supply is diversions; enter 2 if the

source is groundwater pumplng

11.2.13. IDC_SetActualRiparianET_AtStrmNodes

This procedure specifies the actual outflow from each stream node to meet riparian

evapotranspirative demand after stream flows are simulated.

SUBROUTINE IDC_SetActualRiparianET_AtStrmNodes(NStrmNodes,RiparianETFrac)
INTEGER(C_INT), INTENT(IN) :: NStrmNodes
REAL (C_DOUBLE),INTENT(IN) :: RiparianETFrac(NStrmNodes)
END SUBROUTINE IDC_SetActualRiparianET_AtStrmNodes
NStrmNodes  : Number of stream nodes simulated in the system.
RiparianETFrac : Ratio of the actual riparian evapotranspiration from each stream

node to the required riparian evapotranspiration.

11.2.14.IDC_Simulate

This procedure computes the root zone and land surface flow processes.

SUBROUTINE IDC_Simulate(iStat)
INTEGER(C_INT),INTENT(OUT) :: iStat
END SUBROUTINE IDC_Simulate

iStat : Error code that is returned by the procedure; 0 represents

successful execuation of the procedure.
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11.2.15. IDC_GetPercAll

This procedure is used to get the percolation computed at all elements of the
computational grid computed by IDC. These values can be used by the calling

simulation model as the recharge to the groundwater.

SUBROUTINE IDC_GetPercAll(NElements,Perc)
INTEGER(C_INT),INTENT(IN) :: NElements
REAL(C_DOUBLE),INTENT(OUT) :: Perc(NElements)

END SUBROUTINE IDC_GetPercAll

NElements : Number of cells in the computational grid.

Perc : Percolation at every cell computed by IDC.

11.2.16. IDC_GetPercElement

This procedure is used to get percolation at a specific cell of the computational grid

computed by IDC.

SUBROUTINE IDC_GetPercElement(iElem,Perc)
INTEGER(C_INT),INTENT(IN) :: iElem
REAL (C_DOUBLE), INTENT(OUT) :: Perc
END SUBROUTINE IDC_GetPercElement
iElem : Identification number of the grid cell for which the percolation
computed by IDC is required.

Perc : Percolation at grid cell iElem computed by IDC.

11.2.17.IDC_GetElementGWInflows

This procedure returns the actual amount of groundwater that is used to meet the
plant evapotranspirative demand at each grid cell. These values can be used as sink

terms in the simulation of the groundwater.

SUBROUTINE IDC_GetElementGWInflows(NElements,GWInflows)
INTEGER(C_INT),INTENT(IN) :: NElements
REAL (C_DOUBLE), INTENT(OUT) :: GWInflows(NElements)
END SUBROUTINE IDC_GetElementGWInflows

NElements : Number of cells in the computational grid.
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GWInflows : Actual amount of groundwater that is used to meet the plant

evapotranspirative need at each cell.

11.2.18. IDC_RegionalPerc

This procedure returns the total percolation at each subregion including the

percolation at the entire model domain.

SUBROUTINE IDC_RegionalPerc(NSubregions,RPERC)
INTEGER(C_INT),INTENT(IN) :: NSubregions
REAL(C_DOUBLE),INTENT(OUT) :: RPERC(NSubregions+1)
END SUBROUTINE IDC_RegionalPerc
NSubregions  : Number of subregions that the model domain is divided into.
RPERC : Total percolation at each subregion; The very last component of
array RPERC returns the total percolation at the entire model

domain.

11.2.19. IDC_PrintResults

This procedure prints out the results to the ouput files specified by the user. To
speed up the computer run-times, IDC stores the values to be printed in cache
whose size is defined by the user in thye Main Control Data File. When cache is full,
the values are flushed to the output files. To trigger the flushing of the values to the
output files at the end of the simulation even when the cache is not full, this

procedure requires the user to specify if it is the end of simulation or not.

SUBROUTINE IDC_PrintResults(iEndOfSimulation,iStat)
INTEGER(C_INT),INTENT(IN) :: iEndOfSimulation
INTEGER(C_INT),INTENT(OUT) :: iStat

END SUBROUTINE IDC_PrintResults

iEndOfSimulation :  Ifit is the last time step of the simulation, enter 1. Otherwise
enter 0.
iStat : Error code that is returned by the procedure; 0 represents

successful execuation of the procedure.
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11.2.20. IDC_AdvanceState

This procedure advances the state of the root zone in time. The flow rates that are
computed at the end of the time step are labeled as flow rates at the beginning of the

next time step.

SUBROUTINE IDC_AdvanceTime(iStat)
INTEGER(C_INT),INTENT(OUT) :: iStat
END SUBROUTINE IDC_AdvanceTime
iStat : Error code that is returned by the procedure; 0 represents

successful execuation of the procedure.

11.2.21. IDC_GetNDemandLocations

This function returns the number of computational locations where demand is
calculated. This procedure will currently return the number of finite element cells

used in the model.

SUBROUTINE IDC_GetNDemandLocations(NLoc)
INTEGER(C_INT),INTENT(OUT) :: NLoc
END SUBROUTINE IDC_GetNDemandLocations
NLoc : Number of locations (currently, number of cells) where water

demand is computed .

11.2.22. IDC_GetWaterDemand_Ag

This subroutine obtains the agricultural water demand at each demand location
computed by IDC. These demands can be used by the linking model to adjust the

diversions and groundwater pumping.

SUBROUTINE IDC_GetWaterDemand_Ag(NLocations,WaterDemand)
INTEGER(C_INT),INTENT(IN) :: NLocations
REAL(C_DOUBLE),INTENT(OUT) :: WaterDemand(NLocations)

END SUBROUTINE IDC_GetWaterDemand_Ag

NLocations : Number of water demand calculation locations.

ElemDemand : Agricultural water demand at each demand location computed by

IDC.
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11.2.23. IDC_GetWaterDemand_Urb

This subroutine obtains the urban water demand at demand calculation location
computed by IDC. These demands can be used by the linking model to adjust the

diversions and groundwater pumping.

SUBROUTINE IDC_GetWaterDemand_Urb(NLocations,WaterDemand)
INTEGER(C_INT),INTENT(IN) :: NLocations
REAL (C_DOUBLE), INTENT(OUT) :: WaterDemand(NLocations)
END SUBROUTINE IDC_GetWaterDemand_Urb
NElements : Number of cells in the computational grid.

ElemDemand : Urban water demand at each grid cell computed by IDC.

11.2.24. IDC_GetElementAgAreas

This subroutine obtains the agricultural areas at each grid cell.

SUBROUTINE IDC_GetElementAgAreas(NElements,Areas)
INTEGER(C_INT),INTENT(IN) :: NElements
REAL(C_DOUBLE),INTENT(OUT) :: Areas(NElements)

END SUBROUTINE IDC_GetElementAgAreas

NElements : Number of cells in the computational grid.

Areas : Agricultural areas at each grid cell.

11.2.25. IDC_GetElementUrbanAreas

This subroutine obtains the urban areas at each grid cell.

SUBROUTINE IDC_GetElementUrbanAreas(NElements,Areas)
INTEGER(C_INT),INTENT(IN) :: NElements
REAL(C_DOUBLE),INTENT(OUT) :: Areas(NElements)

END SUBROUTINE IDC_GetElementUrbanAreas

NElements : Number of cells in the computational grid.

Areas : Urban areas at each grid cell.
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11.2.26. IDC_GetWaterSupply_Ag

This procedure returns the total water supplies to each demand location to meet

agricultural water demand.

SUBROUTINE IDC_GetWaterSupply Ag(NLocations,Supply)
INTEGER(C_INT),INTENT(IN) :: NLocations
REAL(C_DOUBLE), INTENT(OUT) :: Supply(NLocations)

END SUBROUTINE IDC_GetWaterSupply_ Ag

NLocations : Number of demand locations.

Supply : Agricultural water supply to each demand location.

11.2.27. IDC_GetWaterSupply_Urb

This procedure returns the total water supplies to each demand location to meet

urban water demand.

SUBROUTINE IDC_GetWaterSupply Urb(NLocations,Supply)
INTEGER(C_INT),INTENT(IN) :: NLocations
REAL(C_DOUBLE),INTENT(OUT) :: Supply(NLocations)

END SUBROUTINE IDC_GetWaterSupply Urb

NLocations : Number of demand locations.

Supply : Urban water supply to each demand location.

11.2.28. IDC_GetSurfaceFlowDestinations

This procedure returns the identification numbers for the destination of surface
flows generated at each grid cell. This information must be used in conjunction with
the destination type identification numbers (see section 11.2.29 for retrieving

destination type identification numbers).

SUBROUTINE IDC_GetSurfaceFlowDestinations(NElements,Dest)
INTEGER(C_INT),INTENT(IN) :: NElements
INTEGER(C_INT), INTENT(OUT) :: Dest(NElements)

END SUBROUTINE IDC_GetSurfaceFlowDestinations

NElements : Number of cells in the computational grid.

Dest : Surface flow destination identification number for each grid cell.
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11.2.29. IDC_GetSurfaceFlowDestinationTypes

This procedure returns the destination type identification number for the surface
flow from each grid cell. This information must be used in conjunction with the
destination identification numbers (see section 11.2.28 for retrieving destination

identification numbers).

SUBROUTINE IDC_GetSurfaceFlowDestinationTypes(NElements,DestTypes)
INTEGER(C_INT),INTENT(IN) :: NElements
INTEGER(C_INT),INTENT(OUT) :: DestTypes(NElements)

END SUBROUTINE IDC_GetSurfaceFlowDestinationTypes

NElements : Number of grid cells.

DestTypes : Surface flow destination type identification number for each cell.
0 = surface flow from cell goes outside model domain; 1 =
surface flow from cell flows into a stream node; 2 = surface flow
from cell goes to a downstream cell; 3 = surface flow from cell
flows into a lake; 4 = surface flow from cell goes to a subregion; S

= surface flow from cell becomes recharge to the groundwater at

the same cell.

11.2.30. IDC_GetActualRiparianET_AtStrmNodes

This procedure retrieves the actual outflow at each stream node due to riparian

evapotranspiration.

SUBROUTINE IDC_GetActualRiparianET_AtStrmNodes(NStrmNode,QRVET)
INTEGER(C_INT),INTENT(IN) :: NStrmNode
REAL(C_DOUBLE),INTENT(OUT) :: QRVET(NStrmNode)

END SUBROUTINE IDC_GetActualRiparianET_AtStrmNodes

NStrmNodes  : Number of stream nodes simulated in the system.
QEVET : Actual outflow at each stream node due to riparian
evapotranspiration.

11.2.31. IDC_GetVersion

This subroutine returns the version number of IDC as well as the version numbers
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all components it is linked to.

SUBROUTINE IDC_GetVersion(LenVersion,cVersion)
INTEGER(C_INT), INTENT(IN) :: LenVersion
CHARACTER(C_CHAR) ,INTENT(OUT) :: cVersion(LenVersion)
END SUBROUTINE IDC_GetVersion
LenVersion : Maximum length of the version number in terms of characters.
The version number is at least 9 characters long.

cVersion : Version number of IDC.

11.2.32. IDC_GetActiveRootZoneVersion

This function returns the version number of the active root zone component that is
being used in the simulation as an integer (e.g. it returns 40 if root zone component

version 4.0 is being used).

SUBROUTINE IDC_GetActiveRootZoneVersion(iVersion)
INTEGER(C_INT),INTENT(OUT) :: iVersion
END SUBROUTINE IDC_GetActiveRootZoneVersion

iVersion : Version number of the active root zone component being used

for the simulation

11.2.33. IDC_IsLandUseUpdated

This function checks if the land-use areas have already been read from the input data

file and updated.

SUBROUTINE IDC_IsLandUseUpdated(iUpdated)
INTEGER(C_INT),INTENT(OUT) :: iUpdated
END SUBROUTINE IDC_IslLandUseUpdated

iUpdated : 1if the land-use areas are already updated; 0 if they are not yet
updated.

11.2.34. IDC_IsRootZoneDefined

This function checks if the root zone component has been instantiated.
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SUBROUTINE IDC_IsRootZoneDefined(iDefined)
INTEGER(C_INT), INTENT(OUT) :: iDefined
END SUBROUTINE IDC_IsRootZoneDefined
iDefined : Flag to check if the root zone has been instantiated; a value of 0

means it has not been instantiated and a value of 1 means it has

been instantiated.

11.2.35. IDC_Kill

This subroutine clears the memory associated with IDC and resets all IDC-related

parameters.

SUBROUTINE IDC_Kill()
END SUBROUTINE IDC_Kill

11.3. Example Code That Links to IDC

For IDC to execute properly when linked to other models, it is necessary to invoke
the procedures in the IDC API in a specific order. Figure 19 is an example code that
demonstrates how another model can be linked to IDC. The code is incomplete
because particular procedures to execute the linking model are not shown. The
example assumes that the computational grid has 1000 cells with 100 stream nodes
modeled. The linked IDC and model combination runs for 3000 time steps.

The example given in Figure 19 assumes that the aquifer and stream systems
simulated by the linked model have enough storage to meet the water demand
computed by IDC at all times. In certain cases, the aquifer and stream storage may
be limited and the demand may not be met. In this case, iterations between the
linked model and IDC may be necessary. This is a complex situation and is not

considered in Figure 19.
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Figure 19. Example code demonstrating the linkage of IDC to another model

PROGRAM Test_ IDC_DLL
IMPLICIT NONE

!Local variables

CHARACTER(LEN=11) :: cFile ="IDC Main.in'

INTEGER,PARAMETER :: nTimeSteps= 3000 , &
nElems =1000 , &
nStrms =100

INTEGER :: iStat,indx,Dest(nElems),DestType(nElems),iEndOfSimulation

INTEGER,EXTERNAL :: IDC GetMainControlData,IDC InitApp,IDC_AdvanceTime, &
IDC_GetTimeSeriesData,IDC_ComputeWaterDemand, &
IDC_ZeroSupply,IDC_SupplyToElem,IDC_Simulate, &
IDC_PrintResults,IDC_AdvanceState

REAL(8) :: Supply_Diversion(nElems),Supply GW(nElems), &
DeepPerc(nElems),Demand(nElems),DirectRunoff(nStrms),&
RetFlow(nStrms)

CHARACTER(C_CHAR) :: cFile_C(11)

!Initialize the model
CALL String_Copy(cFile,cFile C)

CALL IDC_GetMainControlData(1,11,cFile_C,iStat) 'Read the Main Control Data

CALL IDC_InitApp(iStat) !Instantiate model

DestType =2 !Destination for water supply is elements
Dest = [(indx,indx=1,nElems)] IList of all elements as destination for supply
iEndOfSimulation = 0 !t is NOT end-of-simulation yet

!Run the model
DO indx=1,nTimeSteps

CALL IDC AdvanceTime(iStat) !Advance time step to read proper data from input files
CALL IDC_GetTimeSeriesData(iStat) Read the time-series data at the simulation time step
CALL IDC_ComputeWaterDemand(iStat) !Compute water demand at each element

CALL IDC_ZeroSupply(iStat) 1Zero out all water supply to all elements

CALL IDC_GetElementWaterDemand(nElems,Demand) !Obtain the water demand at each element

'Here, linked model computes groundwater pumping and diversions
! to meet water demand

Supply_Diversion = ...

Supply GW =..

CALL IDC_SupplyToElem(nElems,Supply Diversion,1,Dest,DestType,iStat) ! Water supply as diversions
CALL IDC_SupplyToElem(nElems,Supply GW,2,Dest,DestType,iStat) 'Water supply as pumping

CALL IDC_Simulate(iStat) !Compute root zone/land surface flows

IF (indx .EQ. nTimeSteps) iEndOfSimulation = 1 !Is it the last time step?

CALL IDC_PrintResults(iEndOfSimulation,iStat) !Print results from IDC

CALL IDC_GetDeepPercAll(nElems,DeepPerc) !Obtain computed deep perc at all elements

CALL IDC_GetFlowsToStreams(NStrms,DirectRunoff,RetFlow) !Obtain the surface runoff into streams

'Here, the linked model simulates stream and groundwater
! dynamics with IDC-computed deep percolation and flows
! into stream
CALL LinkedModel Simulate(DeepPerc,DirectRunoff,RetFlow,...)

CALL IDC_AdvanceState(iStat) !Advance the state of the root zone in time
END DO
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