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WATER LOSS FROM FOREST AND RANGE LANDS IN CALTIFORNIA¥*
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Only a minor portion of the precipitation on a watershed leaves the watarshed
ag streamflow. The annual water loss (difference between precipitatien and
streamflow) is waually equal %o evapotranspiration from the watarshed. The
reasons for any difference between annual water loss and annuzal evapotranspira-
tion are storage within the watershed, lack of coineidence between topographic
hydrologic drainage divides, or underground ouiflow.

Watershed experiments have shown that there is a significant difference between
the annual evapoiranspiration rates of shrubs and trees and those of herbs
(Hibbert, 1971; Lewisz, 1968; Rowe and Reimann, 1961; Young and Blaney, 1942}.
Thus the cowposition of watershed cover should be an important determinant of
annual water loss. Such composition iz the result of a dynamic process in
which forest and shrub lends are cemverted to herbaceous cover by fire,
disesse, range improvement, logging, etc., and grass lands (berbaceous COVEr)
are diminished by brush invasion and reforestation. Therefore, the annual
precipitation=streamflow relationship can be expected to vary widely with
changes in cover composition. The. literature also indicates that the
physical characteristics of watersheds may affect the precipitation-
streamflow relationship (Anderson, 1975i Chang and Boyer, 1977; Jacksan, 1967;
Julian et al., 1967).

The validity and reliability of predictors of annual water loss must be known
to determine the extent to which the results of watershed experiments may be
tranaferred to other areas, to calibrate watershed models, and to estimate the
yield of proposed water salvage or reservoir projectz in watersheds with litsle
or no streamflow records. Accordingly, a study comparing annual water loss to
watershed characteristics was undertaken. It was found that:

- Precipitation explaina most of the variation in water lesa (r2 = 0.76);
- The precipitation-water loss relationships between Northern and Southern
California do not differ discernibly; '
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- Precipitation-loss data are skewed towards maximum loss, which is the
exrpected result of the fire exelusion manapeament practiced since the
early 1900s; - : .

— Digtance from the ceast, orientation, latitude, ultrabasic rock, and
ratio of mean ammual meximum daily precipitation to mean anmual precipita-
tien each tmke a alight (third decimal place) improvement in the
coafficient of determination (rz) over that of precipitation;

- Slope and elevation do not appear to affect water loas; and

— The effect of watershed cover could not be determined from U.S. Forest
Service CALVEG map data.

The Stu

Armusl water loes, ennual precipitation, ratic of mean annual maximom daily
precipitatien to mean annual precipitation, latitude and longitude of the
center of the watershed, diatance from coast, area ef ultrabasic rock, area of
herbacecus cover, barren ares, orientatiem, slope, and elevatian were
determined for 68 watersheds located in California. These watersheds are
distributed throughout the shrub- and treewcovered areas of the study area,
with a marimm density of one watershed per 30 minutes of latitude and
longitude. Watershed locaticpe are shown on Filgure 1 and presentad with
other characteristics in Table 1, at the end of this paper.

Watershed Selection

The watersheds were selected with preference for (1) lack of impairments,

(2) quality of record, (3) length of recerd, and (4) small size. Each
watershed iz located substantially in the 30-minute quadrangle represented.
Wateruheds were excluded for which the hydrologic analysis showed a greater-
than-normal water loss in dry perioeds or which exhibited a lack of respense of
water less to additional precipitation. The former, with dry-year loss greater
+ham normal, indicates that the ischyetal precipitation is low, or the
streamflow ishigh, with respect to true values. Most af such excluded
watersheds were in the North Ccast, South Feather-North Yuba rivers, and Big
Sur-Arroyo Grande arems. The other test, failure of loss to respond
additional precipitation, indicates the opposite. -The test was made by
plotting the difference between dry-year and normal-year loass (Ln-Ld) against
the difference in precipitation (PnPd). Watersheds with values of (Lo-Ld) of
less than 0.26(Pn-Pd)=0.5 were eliminated. No geographical clusters of such
watsrsheds were noted.

Data

The data shown in Table 1 are described and anmlyzed in thia section,
Latitude and longitude of each watershed were determined at the center, which
was located as described under the topic "slope".

Water loas and precipitation were determined for two perioda:
- A short (two to seven years) period of below-normal precipitation
and stable rainfall-runoff reletionship; and

~ The entire period of streamflow record ending in September 1980, except
for isclated periods of one or two years.

-



Stability of the rainfall-runoff relationship (P/Q) was determined by double
mass plotting of normalized precipitation and atreamflow. Periods of
approximately constant slope were assumed to have undisturbed watershed cover
and to be unaffected by fluetuation of underground storage.

Precipitation (P). The mean arnual depth of precipitation in inches on the
watershed was estimated for the same study periods as for atreamflow. The
method used was to determine (1) the mesn annual precipitation (MAP) for the
watershed from the Rantz (1969) isohyetal map, (2) the ratic of the MAP for the
study period recorded by a local elimatological gtation to the MAP for a period
of concurrent record with a regional long-record climatological station, and
(3) the ratio of the MAP recorded by the regiocnal climatological station Ior
the period of concurrent record with the local station to the MAP for the
period of the Rantz map, and then (4) to multiply the three elements together,
the watershed MAP times the two ratios.

Streamflow (Q). The mean annual depth of runoff for dry periocds and period

of record were determined by dividing the mean annual volume of atreamflow by
the watershed area to secure the same linear units as for precipitation. The
annual streamflow data are taken from the U.S. Geological Survey's annual
series, "Water Resources Data for California"., The recorded flows for several
streams with minor impairments were corrected for such impairments.

Water Loss (L.). The difference between mesn annual precipitation and
stresmflow (P — Q) was determined in inches. for the two perioda for each
watershed.

Precipitation Ratio (Rp). The ratio of mean annual maximum 24-hour
precipitation to mean anhnual precipitation iz a measure of the duration and
intensity of precipitation. It varies from a value of 0.07 In northwestern
California to 0.40 in southeastern California. Valuea for each waterzhed wers
datermined from Plate 4 of Calif. Dept. of Water Resources Bulletin 195 (1976)
and converted to pércent for analysis.

Qrientation SAzz. The orientation of each watershed in degrees with

respect to north was determined in a downatream direction, as that of a line
bisecting the watershed and passing through the gaging atation. The least
angle from north, either east or weat, was measured, providing a potential
range of values of 0° to 180°,

Distance from Coast (Dc). The shorteat distance from the center of the
watorshed to the shore of the Pacific Ocean was messured in miles on 1:250,000
or 1:1,000,000 scale maps. :

Elevation (E). The average elevation in feet of each watershed was
determined as the average of the gmnging station, the three ridgetop points used
to compute slope, and the center of the watershed.

Slepe (8). The average slope in percent of the path of water flow was
determined for five points, of which three polnts are on the watershed divide,
ehe at the center of the watershed, and one at the gage. The first point is
the intersection of the bifurcation line used to determine aspect with the
ridgetop. The other two ridgetop points were determined by quadrisection,
i.e., bisection of the two halves of the watershed with lines normal to the
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line used to determine aspect. The center was determined by bisecting the
center line between the two quadrisection lines. From these four points, the
horizontal distance & drop of water would travel %o reach the gaging statian
was determined on 1:250,000 scale maps. The vertical distances travelad were
determined as the difference in elevation between the gaging stetion and each
of the four points. Slope, in percent, was computed for each of the four
points and averaged with zero slope at the gage.

Ultrabagic Rock Type (Ub). The area of ultrabasic rocke in percent of
watershed ares was determined from the Californie Divigion of Mines and
Geology's 1:250,000 scale map "Geologic Map of California',

Barren (B). The percent of watershed ares that is barren of vegetation was
determined from U.S. Forest Service CALVEG, Firat Approximation, 1:250,000
Maps.

Herbaceous Cover (Hb). The percent of watershed area covered by herbs in
1076 wag determined from U.S. Forest Servioe CALVEG, Firat Approximatian,
1 :250 ’DOD mﬂpE »

Results

The data presented in Table 1 were analyzed by 2 and 3 variable linear multiple
regression. Of the independent variables teated, anly precipitation was
significant in explaining variation in loss. The coefficient of determination
(r2) was slightly improved by consideratien of orientation, distance from
coast, precipitation ratio, latitude, and ultrabasic rock type, in addition
to-precipitation. The other variables tested did not appear to affect the
precipitation-water lose relationship, which is shown in Figures 2 and 3.

Variables rz for Period of Record
Precipitation only :
_ Straight line 0.7575
Power curve _ 0.7555
Precipitation and Orientation | 0.7577
Precipitation and Distance from Coa=t 0.7581
Precipitation and Precipitation Ratio 0.7592
Precipitation and Latitude 0.7630
Precipitation snd Ultrabasic Rock 0.7657

The statewide equations for precipitation only, maximum loss, hormal loss,
grassland loss, and Grunsky's Rule (Meyer, 1915) are shown below.

Subject Eguation
Maximum loss Lmax = (1BEPEEE—25)+172
Normal loss (period of record) Ln = 2,3280¢
Grassland loss Lg = 0.362P+§.35
Grunsky's Rule, P = 0 to 50 inches L = P-0.01P

=l



The saximum loss equation is a parabola that is tangent to the line L, = P at

P = 5 inches, the curve L = 2.34P0*7 14, and the line L = 48 inchgs at P = 91
inches. The equation L = 2.34P0+714 iz the curve of best fit (r* = 0.91)

for the 22 watersheds from both the dry and normal period data sets with
highest loss relative to precipitation, and a less greater than 12 inches. A
norms) maximum, a2 represented by this curve, was selacted because the
reliability of the data (or noise) does not warrant use of a frue envelope
ocurve. The limit of L = 48 inches waz selected because it is the lowest round
number that exceeds all values of L found in the final data set and among
disquallified watersheds. :

Normal less is represented by a power curve, despite the higher r2 of the
straight line, because it fits the high valuea of L better and because it does
not cause L to exceed A8 inches within the normal range of precipltation in
California, i.e., less than 98 inches.

The grassland loss equation was derived from data from watershed experiments

" in Arizona and California (Burgy and Papagafiriou, 1970; Hibbert, 1971; Lewis,
1968: Rowe and Reimann, 1961; Young and Blaney, 1942). The data and curve are
shown in Figure 4. The difference between this curve and the marimum loss
curve is the amount of water that could be salvaged by conversion of watershed
cover from shrubz and trees to herbs.

Grunsky's Rule i1s asignificant because it 1= probably based on pre-fire
exelugion data.

The double mass curves used to check stability of the precipitation-
gtreapfleow relationship show a slope~bench-glope characteristic that
diminishes as precipitation increases, until it requires an event gimilar

to 1977 to produce @ bench in the curve for some North Coast streams. This ia
illustrated in Figure 5.

Discugsion
In theory, transpiration should be affected by water availability, energy, and

soll fertility. The clasaificetion of the independent varisbles examined with
respect to these three factors is shown 'In the following tabulation.

Watar Energy Soil Fertility
Precipitation Orientation Slope*
Precipitation, Ratio Distance from Coast - Jltrabaziec Rock
Distanes from Coast Elevation¥*

Slope* Latitude

#Mo effect on precipitation-losa relatlonship found.

Figures 2 and 3, which show the precipitation-loss relationship, illustrate =
gysten in which all or nearly all precipitatlon ia lost up %o the level of the
grassland loss curve at about P = 14 inches or L = 13 inches; thereafter there
is a plume of data points, moat of which are above the grassland loss line.
The few outliers below the line are high Sierra watersheds with substantial
barren areas. Most of the data points are near the maximum loss curve.
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The skew of the data ‘toward the maximum is due to selection of forest and
range watersheds, with large areas of high water-using (with respect to herba)
shrubz and trees. However, the skew 1s probably amplified by fire exclurion,
which has been practiced since the late 1800s (Parsons, 1977). If Grunsky's
Rule iz taken to represent the pre-fire exclusion precipitetion-streamflow
relationship, the difference between the loss derived from the rule and normal
logs from this study would be the increase in loss due to fire exclusion. For
the 68 watersheds, the average increase in logs is 14 to 17 percent of the
average streamflow, as shown in +he following tabulation.

Ttem Annual Quantities in Inches

Dry Period

Perioda . of Record
Precipitation 21.97 34.71
Losg: Normal 17 .83 24.1M
Gruneky's Rule _ 1714 22 .66
Difference, Normal - Gfunsky 0.60 1.45
S+treamnflow 4.14 10.60

The regression equaticn that includes latitude indicates that loss with regpect
to precipitation declines as latitudes become higher, Thig 1= aimilar to the
deecline in solar radiation from south to north. The extraterrestrial radiatlion
at latitude 42 is 90 percent of that at latitude 33 (Calif. Dept. of Water
Resources, 1978). - For comparison, the water loss for the average precipitation
of the normel data set (34.71 inches) at latitude 42 is 87 percent of that at
latitude 33. Thus, energy availability appears to explain this phencmenon.

The regression equations that include distance from coast and precipitation
ratio show relaticnships that are contrary to theory. Coastal watersheds
ghould have less loss for a given amount of precipitation than dogs an inland
watershed because fog would reduce energy and supply some of the water for
evapotranspiration. Yet, the equation shows & decrease in losg with respect
+o precipitation as the distance from the coast Iincreases. A high
precipitation ratio means fewer days of precipitation and less infiltration
than with low values of the ratio. Thus there should be lese lo=s with respect
to precipitation with high values of precipitation ratio. Yet the regresaicn
equation shows increasing loss as the ratio increagses. This is further
evidence of the lack of significance of these variables.

Soils derived from serpentinite have notoriously pocr fartility. Accerdinely,
the percent of watershed underlain by ultrabasic rocks appears to have a minor
effect on water loss.

The percent of watershed area that was barren or with herbaceous cover
according to U.5. Forest Service CALVEG maps, did not explain variation in the
precipitation-loss relationship, as it should have. This, and the
significance of ultrabasic rock, indicates the need o develop cover data from
a gource with greater discriminaticn. :

The slope-bench—zlope characteristic of the precipitation-~streamfiow

double mmas curves for arid and semiarid watersheds indicates an inability of
the watershed vegetation to fully respond to greater—than=normal

precipitation. This suggests that (1) density of shrub and tree cover is
limited by the water available during dry periods, and (2) mest of the response
comes from herbacedus cOVeEr. "
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