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INTRODUCTION.

Many of the precipitation gage, in the mountainous areas of the world
of «Prvicine This results in large areas of noare situated for conven.ence of -^ combinations of methods

data As data networks are expanded, some metnoa
. „ to ,oc.e these gages so that mean precipitation over a bas.n can

must be used to Locate tncbt. uat,^

be aciequatiV Gf;i.f;f.f. .--• -

The state of Idaho has alaw which states that the withdrawal of water
The state 01 , To have some measure

from a basin cannot be greater than the rate of lecharge.
from a of mean annual precipitation. This tn turn re
ef exchange requires estimates rn ^ ^
quires that the few storage gages winch can be placed g
properly located.

u- ,• nf this study was to determine which, if any, physicalThe objective of this stuciy w«is»
• ht be useful in gage placement and network design. The areaparameters might be useful in ^ watershed in southwestern

chosen for initial study was the Reynolds UreeK Mnrth_
fa v, Hh,s a dense gage network and is operated by the North

Tdaho This watershed has a dense gcifei r t-r Agricultural Research Service, USDA atwest Watershed Research Center, Agricultural
• ,» ~n km and the elevation ranges from 1097

October to April and is mainly in the form of snow.

ANALYTICAL APPROACH

Anetwork of 45 shielded gages (about 1gage every 5sq km, was chosen
as the base network for the study. The data used were for the years 196

T ,07, The Thiessen -weighted mean annual precipitation computed for
1970 and 197L Th6o the .,r„e» value and is the basis for all comparisons
these years was considered me

which follow.

First, it was necessary ,o determine which of the physical parameters
of the gage site were significantly related to the gage catch at the site. The



independent parameters usee; were gage site elevation, slope, aspect, cover

class, and the SCS hydrologia soil classification. These are quite self-explana

tory except perhaps for aspect and cover class. Aspect was the azimuth of

the slope in the surrounding area. Cover class was rated on a scale of one to

four corresponding to vegetation densities of 0-25 percent, 25-50 percent and

so forth. The dependent variable was the three year average of annual shielded-

gage precipitation catch.

These data were subjected to a correlation analysis and the resulting

matrix is shown in Table 1. The only significant correlation between the

independent variables was found between elevation and cover class. Also noted

is the highly significant correlation between precipitation and elevation and

precipitation and cover class.

From a simple correlation analysis such as this, statements cannot

be made about the actual relationship between precipitation and the various

independent parameters so a regression analysis was also performed. A
2

regression of precipitation and elevation yielded a R o: 0.49 and the addition
2

of cover class yielded a R ol 0. 64, an improvement of 0.15 . An equation using
2

all 5 independent variables had a R of 0. 66. It was also noted that the t values

associated with the regression coefficients for elevatioi and cover class were

the only t values that were significant at the 95% level. Thus, it vva; con

cluded that for this 45 gage network on Reynolds Creek only elevation and

cover class would be used in the further analysis.

In order to determine a rational scheme for placing of new gag :s in

a basin, it was decided to explore s >me sort of stratifk ation scheme, £ nd

stratify Reynolds Creek first according to elevation and then according :o

cover class. Four zones were to be populated with gages chosen in various

fashions. Four methods of di vising he zones were tried. These were 4

elevation bands with approxin ately equal numbers of gages, (which would not

work in a design situation) ec lal area, and equal elevat on difference. The

fourth method used the four c )ver classes as a means o: stratification. The



following analysis shows only \b<- result :• from the equal elevation band and the
cover class stratification.

When stratified sampling is used, the number of samples from each

strata is proportional to N. s./C. where. N. is the total population, s. is the
1 l l ' th

standard deviation, and C. is the cost of sampling each unit in the i strata.

If it is assumed that the cost is the same all over the basin (not a very good

assumption in a mountainous basin) then the number of samples to be drawn
from each strata is proportional to N.s.. Thus, if a strata has a high standard
deviation, more samples would be taken than from a strata with a low standard
deviation given the same population* Table 2 presents the results of this

reasoning.

Using the 45 gages as a population, 10 different groupings of 30, 20,
10, and 5 gages were constructed for a total of 40 different possible configurations
It was not always possible to obtain the ideal number of gages in each zone sin^e
there were not always enough gages available. Also, each zone was always

assigned at least one gage.

This then gave enough information to determin3 the standard deviation

of the mean for each grouping. For example, there were 20 different groupings

of 30 gages, 10 stratified by elevation and 10 by cover class with a standard
deviation of the Theis sen-weighted precipitation mean of the basin of 1. 65 and
1. 83 respectively. This information enables the plotting of Figures 1 and 2
which show confidence bands about the basin mean. Thus, for example, we

see that the 95% confidence band for 20 gages ranges from 465 to 479 mm.

When all 45 gages are used, the confidence band decreases to zero since
the mean determined from the 45 gages is considered to be the "true" basin

mean.

It is interesting to note that in all eight sets of reduced networks, the

mean was higher than that for the 45 gages network and significantly so for the
30 and 20 gage networks based on the cover class. This may be attributed to



the fact that in the reduced networks, the gages with relatively high annual
precipitation averages are less crowded and the areas weighted with their
depth of precipitation are considerably larger.

CO^TOT.USIO'

For Reynolds Creek and similar basins, gage placement based on
an elevation stratification seems desirable. For the 233 sq km watershed it
would seem that 20 gages would be the minimum desirable for adetermination
of the Theissen-weighted mean ann lal precipiation.

When designing networks for basins for this type, more import-
should be attached to the elevation of the proposed gage location than to
class. Aspect, slope and soil type should not be ignored but are rolntivHy
unimportant. Once the factors that contribute to mean annual orecipitatio '
variability, it will be doss —1- *- -c.--. ... . . '
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