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THE EFFECT OF AN INTENSIVE SUMMER THUNDERSTORM 
ON A SEMIARID URBANIZED WATERSHED 

by 

D. G. Boyer and K. J. DeCook1 

The University of Arizona Atterbury Experimental Watershed, located southeast of Tucson, Arizona 
has been instrumented for precipitation and runoff measurements since 1956. Early on the afternoon of 
July 16, 1975 an intense convective thunderstorm produced more than three inches of rainfall in less 
than 50 minutes as recorded in several rain gages located in the middle of one 8.1 square-mile desert 
subwatershed. Storm runoff from this rural subwatershed and an adjacent recently urbanized subwater
shed filled the newly finished Lakes ide Reservoir and topped the concrete flood spillway with a peak of 
greater than 3000 cfs, the greatest flow since monitoring began. An analysis of storm characteristic$, 
along with previously available data from local urbanized watersheds, allows speculation on the effect 
of such an intensive storm in a highly urbanized area. 

INTRODUCTION 

Large rainfall events from convective thunderstorms are always of potential hydrologic interest in 
an arid or semiarid region. Often these high intensity, short duration events miss completely the 
sparse network of established raingages in the Southwestern United States, and estimates as to depth
area and intensity are available only from the casual observer or from later observations of fast moving 
and short-lived runoff and its effects. Even in urbanized areas, where observations are more commonly 
made, such storms are characterized chiefly by the damage caused by high winds or temporary flooding. 
Therefore, when such an unusual storm occurs over· a small instrumented watershed with a relatively dense 
network of raingages and runoff measuring devices, the information gathered becomes important to hydrol
ogists and engineers in analyses of severe precipitation events and application of the results to the 
Southwest's urbanized areas. A large storm of the type described above occurred over the University of 
Arizona's Atterbury Experimental Watershed on July 16, 1975. The purpose of this paper is to analyzethe 
storm and to estimate, by use of a recent method by Kao et al. (1973), the effects that such a storm 
might have on the heavily urbanized sections of Tucson. 

WATERSHED DESCRIPTION 

Atterbury Experimental Watershed is located about 10 miles southeast of downtown Tucson, Arizona in 
a mostly rural area (Figure 1). The watershed is representative of the valley floors in the Southern 
Arizona portion of the Basin and Range Province. The watershed area is about 18.2 square miles contain
ing several small subwatersheds. Land slopes are less than five percent and the drainageway channels 
have relatively low gradients. The entire watershed drains from southeast to northwest, having a length 
of about eleven miles and an approximate maximum width of three miles. Main drainageways are either 
broad grassy swal es or gullies with sandy bottoms up to five feet deep and 20 feet wide. All drainages 
eventually terminate by flowing into Lakeside Lake, the northern boundary. 

Soils range from sands and gravels on the rounded, gently sloping ridges to loams or clays on some 
bottomlands of the lesser drainageways. A cemented zone of lime (caliche) 6 to 24 inches below the sur
face is present in some areas of the watershed. Infiltration from precipitation generally does not ex
tend to more than a few inches of soi 1 depth. 

Vegetation is primarily creosote bush, mesquite, palo verde and annual grasses. Cactus species in
clude cholla, prickly pear and some sparse sahuaro. Recently, the portion closest to Tucson has become 
urbanized with the construction of homes, schools and shopping centers. The only subwatershed signifi
cantly affected so far is W-lA (Figure 1). However, new growth is encroaching on the lower portion of 
W-lB also. 

INSTRUMENTATION 

Major instruments located on the watershed are raingages and water level recorders. The Water Re
sources Research Center maintains 38 raingages at approximately one-mile intervals over the entire area 
of the watershed. Ten of these are automatic recording gages while the remainder are divided between 
the standard 8-inch and plastic non-recording types. Recording gages have 10 or 15 minute chart inter
vals for intensity determinations and two have been modified to provide an expanded depth scale. Rain
fall data have been collected since 1955. 

Water level recorders are installed at the small ponds separating the upper subwatersheds, at 
Lakeside Lake and on the Stella Road bridge over the main drainageway just upstream from the lake. 

1. The authors are Research Assistant and Associate Hydrologist, respectively, Water Resources 
Research Center, University of Arizona, Tucson. 
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Figure 1. Atterbury Experimental Watershed Near Tucson. 

Additional recorders measure flow through the concrete channel at Irvington Road and the flume on sub
watershed W-lA. Collection of information on runoff and water levels started in 1956. 

STORM CHARACTERISTICS 

Summer rainfall in Southern Arizona occurs most conmonly when moisture is brought into the region 
from the Gulf of Mexico or the Gulf of California. The source of the moisture for the storm of July 16, 
1975 was the remnants of a dying tropical storm that moved westward from the Gulf of Mexico. Shortly 
after noon the characteristic heavy cumulonimbus clouds began forming near the eastern edge of Tucson's 
valley floor close to the Rincon Mountains. Rainfall started about 1:30PM and was heaviest during the 
first 50-60 minutes, then decreased to a light drizzle. Precipitation ceased entirely in a11 areas with
in 90 minutes. Wind gusts up to 77 mph were observed at Oavis-Monthan Air Force Base control tower, five 
miles west of the main storm center. 

Precipitation occurred over the entire watershed, recorded amounts ranging from 0.44 to 3.64 inches. 
Most rainfall occurred over subwatershed W-1 (collectively, W-lA plus W-lB plus W-lBX), where two gages 
recorded more than three inches. Figure 2 is an isohYetal map of the storm showing the wide range of 
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Figure 2. Isohyetal Map for Storm of July 16, 1975. 

heavy rainfall. Mean precipitation for the storm in W-1 and subwatersheds W-2 plus W-3 was determined 
by planimeterin9 the isohyetal map to find the area enclosed by each contour interval. The means for 
W-1 and for W-2 plus W-3 were 2.00 inches and 0.91 inches, respectively. The mean for the entire 18.2 
square mile watershed was 1.68 inches. 

Four recording raingages are located on subwatershed W-1 Charts for these gages were examined to 
provide intensity measurements. The maximum 10 minute intensity was 1.52 inches, with a mean of 0.99 
in 10 minutes for the four gages. Similarly, the maximum and average intensities for the four gages 
in 60 minutes were found to be 3.60 inches and 2.38 inches, respectively. This information is sum
marized on Figure 2. 

A large area was encompassed by the two inch isohYetal contour (Figure 2). Within the watershed 
boundary the area was almost six square miles, with a mean rainfall amount higher than 2.5 inches for 
the storm. Additional locations outside the watershed to the east were enclosed by this same contour; 
however, the raingage network was not sufficiently extensive to completely define the area within the 
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contour 

Estimates of a return period for point storm rainfall amounts in Tucson are available from several 
sources. Fogel and Duckstein (1969) used 75 years of rainfall records from the Tucson-University of 
Arizona station and found the historical point maximum data approximated a straight line when plotted 
using extreme value ("Gumbel") paper. Using this distribution, a point maximum of 3.1 inches has a 
return period of 100 years, while a storm having 3.6 inches maximum has a recurrence interval greater 
than 200 Years. However, the rainfall model developed by Fogel and Duckstein from the historical data 
places the return period at about 75 years for the 3.6 inch.maxima. 

Kangieser (1969) published estimated return periods for rainfall using data from Tucson-Weather 
Service Office, about ten miles southwest of the watershed. The estimate by Kangi eser of the preci pi
tation that could be expected from a storm with a recurrence interval of 100 years is much lower than 
that of Fogel and Duckstein (1969). For a storm of one hour duration at Tucson, the maximum 100 year 
storm rainfall amount is about 2.5 inches (Kangieser, 1969). Plotting those values using extreme value 
paper results in a return period greater than 1000 years for a storm of the magnitude observed on July 
16. However, these results were based on previously published National Weather Service isohyetal maps 
for Arizona for rainfall durations of 6 and 24 hours. Such longer duration rainfall is usually associ
ated with the frontal movement of cyclonic storms through Arizona. Intensities associated with these 
widespread storms are frequently much lower than those of summer convective thunderstorms. 

On the basis of the above discussion, it is estimated that the return period would be 75-100 years 
for the point maximum value of this storm, given the data available. 

Additionally, depth-area curves published by the National Weather Service (Miller et al., 1973) and 
based on the same longer duration storms show only a ten percent or smaller decrease from point maximum 
values to areal averages for storms of one hour duration on areas of 25 square miles or less. This im
plies only small variations between point maximum amounts and areal averages for short duration storms 
over small watersheds. However, analysis of data from this storm, along with previously published stud
ies (Fogel, 1969; Fogel and Duckstein, 1969), definitely shows a large variability between point maxima 
and areal averages for Southern Arizona convective storms. 

RUNOFF CHARACTERISTICS 

As could be expected with a storm of such high rainfall amount and intensity, runoff was extremely 
heavy following the July 16 event. Measurement of peak discharges and volume was made somewhat more 
difficult because both the weir at Irvington Road (Figure 1) and the flume that discharges from W-lA 
were overtopped. Also, the water level recorder at Stella Road bridge was affected by the large amount 
of debris piled against the water intake. However, water stage records from the Lakeside spillway en
able good discharge peak and volume estimates to be made. Accuracy was aided by a recent depth-volume 
survey of the lake completed only several weeks before the storm. 

A summary of runoff and peak flow is given in Table 1. It is of special interest that the lake 

Table 1. Summary of Storm and Runoff Characteristics Atterbury 
Subwatershed W-1, Event of July 16, 1975. 

RAINFALL 

Maximum Point Amount: 3.64 inches 
Maximum Intensities: 3.60 inches/1 hour. 

1.52 inches/10 min. (9.12 inches per hour). 
Estimated Point-Maximum Return Period: 75-100 years. 
Mean Isohyetal Calculated Rainfall W-1 (13.1 mi2): 2.00 in. for 80 minutes. 

RUNOFF 

0.71 inches on 13.1 sq. miles. 
500 acre-feet. 
35 percent of rainfall as runoff. 

PEAK FLOW 

Over the spillway: 3080 cfs (U.S.G.S. Estimate). 
Flume 1 A: 550 cfs. 
Main Channel, Stella Rd.: 2800 cfs. 
Weir at Irvington Rd.: 1920 cfs (U.S.G.S. Estimate). 

MISCELLANEOUS 

Reservoir water level increased 2.5 feet to spillway crest in 40 minutes from start 
of runoff. 

Volume increased 27.4 AF in 40 minutes. 
Surface area increased from approximately 10 to 13 acres in 40 minutes. 
Maximum stage over dam 3.13 feet (U.S.G.S. Estimate) at 88 minutes from start of runoff. 
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level was about 2.5 feet below the spillway at the start of the storm with a surface area of approxi
mately 10 acres and that within 40 minutes from the start of runoff the lake overflowed, increasing 
in volume by more than 27 acre-feet. At peak spillway discharge, flow was greater than 3000 cfs 
for the 140 feet of crest length and the surface area was greater than 22 acres as the lake moved onto 
the adjacent Lakeside Park. 

The peak discharge of 2800 cfs through the main channel at Stella Road (estimated by back-routing 
flow over the dam and subtracting W-lA discharge) was 1700 cfs greater than the previous peak recorded 
in 1961. Using the available information since 1956, yearly peak f'ows for W-lB were plotted on several 
types of probability paper to determine return period. By use of statistical methods (Benjamin and 
Cornell, 1970), return periods were determined for plots made on log normal and extreme value paper, 
and for the Pearson Type III distribution using statistical tables (Harter, 1969). Calculated return 
periods for the peak flow were 50 years and 120 years for the log normal and extreme value distrib
utions, respectively. The Pearson Type III calculation provided a llllue of 3070 cfs for the 100 year 
return period. 

The point rainfall estimates discussed above fall within the return period range determined here. 
Notably, the flow recurrence i nterva 1 s are based on only sixteen va 1 ues, and thus the wide range of 
years from 50 to 120 determined by different methods does not seem unreasonable. Based on the rainfall 
and peak analyses described above, the storm can be most likely classified as a 75 to 100 year event. 
However, it is to be remembered that for a 75 year return period there is a 13 percent probability that 
the storm will occur for the first time at 10 years, a 28 percent probability that it will occur the 
first time at 25 years and a 49 percent probability it will occur at 50 years. 

Only a small amount of runoff, if any, was contributed from subwatersheds W-2 and W-3. Tank 2 was 
at a low level of storage at the onset of the storm and the stage recorder chart shows less than 0.5 
feet of outflow for several hours across the spillway length of ten feet. Compared~ to the runoff from 
W-1, this amount had little effect on discharge into Lakeside. Therefore, calculations as to percent 
of runoff from rainfall were made considering only the 13.1 square mile area of W-1. It is estimated 
that 0.71 inches of runoff was generated from a mean rainfall of 2.00 inches over the W-2 area, for a 
runoff to rainfall ratio of 35 percent. 

RELATING STORM CHARACTERISTICS TO URBANIZED AREAS 

Numerous methods have been devised and are in use to predict runoff from storms occurring over 
small watersheds. Among methodlavailable are the Rational Method, method of correlation analysis, the 
U.S. Bureau of Public Roads Method and synthetic flood hydrograph methods. Chow (1964) discusses these 
and other methods for small watersheds, both urban and rural. 

An additional procedure, developed for rural and agricultural areas and used below, is the Soil 
Conservation Service (SCS) method. The basic equation of the SCS method is 

_ (P-kS)2 
Q - [P+(l-k)s] (1) 

where Q is the runoff in inches, P is the mean rainfall in inches, S is the potential infiltration in 
inches and k is a coefficient usually taken to be 0.2 as an initial abstraction (U.S. Soil Conservation 
Service, 1972). A runoff curve number, N, may be introduced as a function of S such that 

N - 1000 
- S+lO (2) 

Kao et al. (1973) modified the above equations for use on small urban watersheds with specific ap
plication to Tucson. Assuming that k would be less than 0.2 for an urban cleared surface, it was 
determined by a sensitivity analysis that estimation error of k was a minimum at k=O.l5. Therefore, 
using k=O.l5 and substituting equation (2) into (1), the modified equation requiring only use of a 
curve number and a precipitation value is produced: 

[P- 1.5(~00-N) 12 
Q - -....,.....,.-m""...--- P+ 8.5qoo-N) 

(3) 

The three Tucson urbanized watersheds analyzed by Kao et al. (1973) are shown in Figure 3. Esti
mated runoff curve numbers for the different watersheds were obtained by a regression analysis which 
related rainfall to runoff through equation (3). Correlation coefficients obtained using this method to 
analyze up to 27 runoff events ranged from r=0.87 to 0.98. Peak flow analysis was made using a similar 
regression technique (Kao et al., 1973). The equation 

qmax • a+bQ (4) 

was derived to determine peak flow (q max) in cubic feet per second, the coefficients a and b being 
unique for each watershed. Correlation coefficients for the available storm events were all greater 
than r=0.96. 
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ESTIMATION OF URBAN RUNOFF FROM STORM OF JULY 16 

Using the above equations, estimates of the effects of a storm similar to that of July 16, 1975 
were calculated for the urban watersheds. These results are summarized in Table 2 along with the max
imum recorded flows since flume construction in 1969. Railroad Wash records for recent events are not 
available due to a change in channel configuration at the measuring station. 

Because of the widespread nature of heavy rainfall for the storm, a high mean of 2.00 inches was 
recorded for the entire 13.ll square mile area of W-1. This area is about four times the area •Of the 
largest urban watershed. Similarly, the area inside the watershed enclosed by the 2.00 inch isohyetal 
contour was nearly six square miles. The rainfall mean for that area.was more than 2.5 inches. With 
these high rainfall values over this wide area, a similar storm centered on Tucson would be clearly able 
to encompass the relatively small area of even the largest of these urban watersheds. 

Runoff from both the mean rainfall amounts computed for this storm would overflow all urban flumes 
and spread into the surrounding area. Gage heights can be extrapolated from the flume rating curves 
for peak flow but would be higher than actual levels because of the lateral spreading of water as it 
overflowed the flumes. 

An actual event on High School Watershed in 1972 had an approximate peak of 800 cfs as determined 
by hydrograph analysis. The actual stage (5.92 feet) was about 0.6 feet lower than the height cal
culated from the rating curve. Using this event as a guide, approximate stage corrections can be made 
for overtopping by taking 60 percent of the difference between the extrapolated stage and the capacity 
flume stage and adding this value to the capacity flume stage. For the above storm, High School Wash 
with a peak of 800 cfs and a stage of 6.55 feet from the rating curve would have a calculated actual 
stage of: 

0.60 X (6.55-5.0) +5.0 = 5.93 ft 

Using a value of 60 percent in the correction for the three watersheds seems appropriate until more data 
become available. 

Fogel et al. (1974), using previously available data for the Tucson urbanized watersheds, estimat
ed return periods for storm runoff volumes according to the percentage of urbanization. By using the 
amounts given in Table 2, a storm over High School Watershed with 1.0 inches of storm runoff can be 
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Table 2. Results of Transfer of Mean Rainfall to Tucson Urban Watersheds 
Using Modified SCS Fonnula 

WATERSHED 

Area (Sq. Mi.} 
Estimated Curve No. 
Maximum Desi~n Flume 

Stage ( ft) 
Maximum Desi ~n Flume 

Capacity ( cfs) 

HIGH SCHOOL 

0.90 
87.4 
5 

465 

ARCADIA 

3.50 
85.9 
8 

1850 

Inches Runoff 
Vol. Runoff (af) 
Peak Flow (cfs) 

RAINFALL MEAN OF 2. 00 INCHES OVER W-1 

0.99 

AREA (13. 1 SQUARE MILES)a 

0.91 

(Qmax=a+bQ) 
Approx. Stage (ft)b 

Inches Runoff 
Vol. Runoff (af) 
Peak Flow (cfs) 
Approx. Stage (ft)b 

Date 
Inches Runoff 
Vol. Runoff (af) 
Peak Flow (cfs) 
Recorded Stage ( ft) 
Mean Rainfall (in.) 

50 170 
960 2230 

6.3 8.5 

RAINFALL MEAN OF 2.54 INCHES ON 6.0 SQUARE MILESa,c 

1.43 
70 

1400 
7.2 

1.34 
250 
3340 
9.6 

MAXIMUM RECORDED FLOW SINCE l969d 

8/12/72 9/1/71 
0.50 0.40 

25 75 
800 980 

5. 92 5.81 
]. 68 1.38 

·~Calculated discharge using equations (3) and (4). 
Stage extrapolated from flume ratings and includes a reduction 

c because of areal spreading from overtopping structure. 
Area is that inside 2.00 inch rainfall contour for stonn of 7/16/75 

d and also within Atterbury watershed boundary. 
Calculated discharge using flume rating tables. 

RAILROAD 

]. 90 
89.7 

5 

900 

1.12 
ll5 
1060 

5.2 

1.60 
160 
1500 
5.8 

Not available 

expected to have a return period of about 10 years. Another stonn producing 1.4 inches of runoff would 
have a recurrence interval of about 20 years for the same watershed. The other watersheds show approx
imately the same recurrence ttme for runoff generated by the two artificial stonns shown in Table 2. 
By comparison, the two actual stonns shown in Table 2 both have return periods of four years using the 
method of Fogel et al. (1974). 

CONCLUSIONS 

The results presented in Table 2 and discussed above indicate that water levels could rise several 
feet above nonnal urban runoff channels and would likely cause severe localized flooding. Homes and 
businesses next to the main drainageways could suffer major damage due to such an intense stonn. Par
ticular attention is directed toward possible hazards on the High School and Railroad watersheds. If 
the stonn were centered such that the areas received 2 inches of rainfall or greater, runoff from these 
and other washes would combine and discharge in the Tucson Arroyo beneath homes and businesses along 
North Fourth Avenue. This area could be heavily damaged, especially if fences recently installed to 
prevent access to the concrete channel were closed and clogged with debris. Therefore, persons living 
and working in this area (as well as others near natural or manmade runoff channels) should be aware 
that even in dry Southern Arizona severe stonns wit!. 1 arge runoff can occur when appropriate meteorol
ogical conditions are present. 
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