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DETERMINING AREAL PRECIPITATION IN THE BASIN AND RANGE 
PROVINCE OF SOUTHERN ARIZONA - SONOITA CREEK BASIN 

by 

J. Ben-Asher, J. Randall and S. Resnick1 

A linear relationship between point precipitation and elevation in conjunction with a computer 
four-point interpolation technique was used to simulate areal rainfall over Sonoita Creek Basin, Ari
zona. 

The simulation's sensitivity and accuracy were checked against the official isohyetal map of 
Arizona (Univ. of Arizona, 1965) by changing the density of the interpolation nodes. The simulation was 
found to be in good agreement with the official map. The average areal-rainfall was calculated by inte
gration. Cumulative rainfall amounts were assumed to be stochastically independent from one season to 
another. The seasonal precipitations of forty years (1932-1972) were subdivided into five groups. to 
check for binomial distribution. The binomial model fits the historical data adequately. The binomial 
model for cumulative seasonal areal-precipitation provides one way to compute the return period. This 
information will be necessary for decision-makers and hydrologists to predict the area's future water 
balance. 

INTRODUCTION 

Sonoita Creek Basin lies to the northeast of its junction with the Santa Cruz River Basin nine 
miles north of Nogales. The Basin, bounded on the northwest by the Santa Rita Mountains and on the 
southeast by the Canelo Hills and Patagonia Mountains, covers more than 270 square miles. The study 
area includes about 230 square miles with elevations ranging from 3440 to 9450 feet. 

The Basin is expected to undergo rapid domestic, mining and recreational growth, therefore it is 
imperative to quantify its water resources. Among these, rainfall is the major source of water and the 
other water balance components are strongly dependent on its quantity and distribution with time and 
space. The objectives of this study are to develop an efficient and accurate method of mapping and 
evaluating total and seasonal rainfall distributions over the Basin, and use the data statistically to 
analyze aspects of the areal•rainfall distribution with time. 

METHODS 

Forty years (1932-1972) of precipitation records fSellers and Hill, 1974) for Elgin, Santa Rita 
Experimental Station, Patagonia, Canelo, Crown C Ranch and NofJales, have been collected and tabulated 
as total rainfall by water year and winter and summer seasons {October 1 to March 31 and April 1 to 
September 30 respectively). These raingages evenly cover an area of 700 square miles (Figure l) pro
viding a density of one gage per ll3 square miles. According to Gilman (1964), the standard error of 
the average rainfall over an area covered by one raingage at this density is 15-20%. This implies the 
Basin has a standard error of estimate of 2.B5 inches/year which is equivalent to about 35,400 acre/ft 
year. 

As frequently happens in mountainous regions, most gages measure rainfall in the valleys, making 
estimation of the orographic effect difficult. Thus, the available data impose a severe limitation on 
determination of rainfall, especially on the mountains surrounding the Basin. In order to overcome this 
difficulty, rainfalls were estimated at several locations (Mt. Wrightson, Mt. Washington, and points in 
Canelo Hills and Patagonia Mountains). To estimate rainfall at these points it was initially assumed 
that the mean total and seasonal amounts increased as a linear function of elevation (Figure 2). Fol
lowing Duckstein, et al. (1973) rainfall depth E(h) was expressed by: 

Where: 

and 

E is 
moh is 

is 
a is 

E(h) = ah + m
0 

the rainfall at a given elevation (inches) 
the amount of rainfall at sea level 
the elevation (thousands of feet) 
the slope of the rainfall-elevation line. 

(l) 

To calculate yearly and seasonal values of precipitation, the difference in rainfall depths between two 
elevations h1 and h2 was assumed to be: 

(2) 

1. The authors are Research Associate, Graduate Research Associate, and Professor of Hydrology, 
respectively, Water Resources Research Center, University of Arizona, Tucson, Arizona B5721. 

2. Non-official gage. 
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Figure 1. 

The location of the raingages -Sonoita Creek Basin . 
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Figure 2. 

Linear regression analysis of the relationship between rainfall and elevation. 
{a(O) intercept, a{l) slope, r- correlation coefficient and s standard error). 
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thus eliminating the error introduced by m,. Equation (2) was used to calculate yearly and seasonal 
rainfalls E(h2) from the amount of rain E(lill measured at elevation h1 and the difference in elevation 
(llh) between the given (hl) and the desired (h2) elevation. 

A computer program was developed to calculate isohyetals based on an interpolation between four 
recording points according to the four-point interpolation formula given by Abaramowitz and Stegun 
(1964 eq. 25.2.66, p. 882). A schematic representation of the model is given in Figure 3. In this 
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Figure 3. 

A schematic representation of the model. 

method two points have a known value of rainfall and height (hll) and h22l• and two points have only a 
known height (hl2• h21l· In order to estimate the depth of ra1nfall at x a two step procedure was 
taken. Through the f1rst step, rainfall depths at hl2 and h21 were calculated using the rainfall
elevation relationship {equation 2). Through the second step, each of the four points (hll• hl2• h2l• 
h22l were used for the four point interpolation by summing the products of the relative area Aij/A 
with its point rainfall hij· (A is the total area between the four points). The shaded region is the 
area represented by the ra1nfall at x. The area between two successive isohyetals was integrated by 
accumulating the number of points representing the related rainfall depth. Using the recorded data and 
those obtained from the rainfall-elevation linear regression, the average yearly and seasonal rainfalls 
and their distributions over the Basin for each of the 40 years of available records (a total of 120 
maps) were computed. The results will be used later to statistically analyze aspects of the rainfall 
distribution with time. 

RESULTS AND DISCUSSION 

Results and discussion regarding the determination of the areal precipitation in the Sonoita Creek 
Basin follows. 

RELIABILITY OF THE t«lDEL 

The regression analyses of rainfall vs. elevation are shown in Figure 2. The effect of elevation 
is more pronounced on winter and annual rainfalls than on summer rainfall, as shown by the smaller slope 
of the summer regression line. This is because summer rainfalls are more localized than those in 
winter. The slope of the rainfall vs. elevation regression line is in good agreement with that found 
by Duckstein et al. (1973) for summer events. They concluded their work stating that for mean total 
seasonal-rainfall "a linear approximation is quite satisfactory," suggesting that: 
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E{h) = 2.15 + 0.96(h} {3) 

Clearly, the linear relationship between elevation and rainfall is an oversimplified approximation 
because of other topographic parameters such as slope, orientation and exposure. However, as our ac
curary tests showed, the elevation can be successfully used as the only topographic parameter govern
ing local changes in rainfall amounts over mountainous areas. 

To test accuracy, we used the official isohyetal maps for Arizona {University of Arizona, 1965) as 
the 'correct' standard against which the model results and related computer program were compared. The 
tests were conducted to check three different aspects of the computer model's accuracy: 1) The effect 
of grid point density, or how many hypotehtical raingages are needed to reproduce the official isohyetal 
maps. The computer generated maps, using 12, 25, 64 and 225 evenly distributed hypothetical raingages 
over the area, were all in good agreement with the official maps. Each of the sensitivity regressions 
generated the same slope {1.12 ~ 0.02) and intercept {-1.11 ~ 0.2). The slope and intercept showed that 
the computer areas on the map were slightly smaller than the reference areas of the official maps close 
to the origin {low rainfall depths) and slightly larger far from the origin. Because no significant 
differences were found between grids of 12 and 225 points, the coarsest grid was chosen. 2) The ef
fect of using different numbers of isohyetals was tested. The average rainfall over the area and the 
regression analysis of two matched areas on the official and computer maps were found to be independent 
of the number of isohyetals chosen {they had the same slope and intercept) when the range of isohyetal 
values was equal to or greater than the range of rainfall values. 3) The last accuracy check was made 
by averaging the forty years of simulated rainfalls and comparing the values to those found by plani
metry of the State isohyetal maps. The results are given in Figure 4, which shows that the model is 
valid for simulation of long-term rainfall averages. 

RAINFALL DISTRIBUTION OVER THE BASIN 

Figure 4 shows the rainfall distributions over the area in a 'normal' year as determined by the 
computing plot routine. In addition to each set of plots, the program generated depth-area curves 
{Figure 5). These plots give the percentage catchment areas versus precipitation depths. The horizon
tal lines represent area-weighted average rainfalls over the Basin, taken from the computer output. 
Figure 5 shows that the orographic effect is more pronounced in winter than summer. The winter rain
fall contributed about one third as compared to summer's two thirds of the total annual amount. Three 
sets of data, summer, winter and annual rainfall depths, were generated using forty years of historical 
records. From these, the total water input to the Basin was derived. 

RAINFALL DISTRIBUTION WITH TIME 

The variation of areal precipitation with time was investigated by assuming cumulative rainfall 
amounts are stochastically independent from one season to another. Under this assumption, a binomial 
distribution may be adequate. For checking the binomial fit, seasonal precipitation amounts for forty 
years were subdivided into five groups with depth intervals approximately equal the standard error of 
the records {15-20 percent). Figure 6 shows that the binomial distribution model for the cumulative 
seasonal areal-precipitation fits the historical data. The nature of the rainfall distribution with 
time is biased toward less than the mean arithmetical-average rainfall. The binomial distribution model 
for cumulative seasonal areal-precipitation provides one way to compute return periods. This informa
tion will be necessary for decision makers and hydrologists to predict the future water-balance of the 
area. 

SUMMARY AND CONCLUSIONS 

The following points have been reached in the present study: 

1. An efficient method of producing isohyetal maps from a model which coupled the relationship be
tween point rainfalls and elevation with a four-point interpolation equation has been given. 

2. Depth-area curves can be computer generated by integrating the area between the isohyetals and 
plotting mean values against the percent of area. 

3. Rainfall depths over the catchment can be calculated. 

4. The accuracy of the model and related computer program was checked against the annual averages 
of the Arizona isohyetal maps as an objective standard and was found to be acceptable for manY 
engineering purposes. 

5. Forty years of precipitation records in and near Sonoita Creek Basin were used in this study to 
produce isohyetal maps for three different periods: summer, winter, and entire year. It was 
found that the rainfall depth during summer is evenly distributed on about 85% of the catchment 
whereas, during winter and the entire year, the orographic effect is more pronounced. 

6. The binomial distribution model fits the distribution of historical data with time, adequately. 
It was also found that most seasonal precipitation amounts are lower than the average. 

7. The results of this study will be used by decision-makers to obtain return periods of aey given 
water-year, and by hydrologists to study annual rainfall-runoff relationships. 
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Winter distribution 
(October 1 -March 31) 

AVERAGE RAINFALL 
----COMPUTER 7.0 ln. 
-OFFICIAL MAP 7.2 in. 

Summer distribution 
(April 1 - September 30) 

AVERAGE RAINFALL 
---COMPUTER 12.0 ln. 
-OFFICIAL MAP ll.51n. 

Figure 4. 

Rainfall distribution over the Basin. 

Annual distribution 
(October 1 - September 30) 

AVERAGE RAINFALL 
--COMPUTER 19.1 ln. 
-OFFICIAL MAP 18.7 ln. 

A comparison between the official isohyetal maps of Arizona and the computer generated isohyetals. 
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Figure 5. 

Rainfall distribution over the Basin or the depth-area curve. 
(The horizontal lines are the computed area-weighted averages.) 
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Rainfall distribution with time. 
A comparison between the binomial model and the historical data. The shaded areas are the differences 

between results obtained from the binomial model (given as a hystogram) and the historical data. 
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