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EPPECTS OP URBAN DEVELOPMENT 

ON THE FLOOD-PLOW CHARACTERISTICS 

OP THE WALNUT CREEK BASIN 

DES MOINES METROPOLITAN AREA, IOWA 

ABSTRACT 

This report deals with the probable impact of urban 

deYelopment on the aagnitude and frequency of flooding in the 

lover reach of the Walnut creek BasiAn. 

Streaa-aodeling techniques, which include complete 

definition of unit hydroqraphs and precipitation loss-rate 

criteria, were utilized to evaluate the effects of urban 

deYelopaent as aeasured by percentages of imperYious area over 

the basin. A aa theaatical aodel, called BEC-1, vas calibrated by 

using concurrent rainfall-runoff data collected at three gaging 

stations in the basin. The aodel parameters were regionalized to 

allow future users to estiaate the model paraaeters for ungaged 

areas within the basin. 

Long- tera rainfall data recorded at two nearby stations were 

eaployed as basic input to the calibrated aodel to generate 

annual peak discharges corresponding to selected degrees of 

urbanization. Results are presented in tables and graphs, which 

coapare the pre-urban and urban flood flow characteristics of the 

lover reach of the Walnut Creek basin. 
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INTRODUCTIOR 

Purpose and Scope 

Walnut creek basin, located within the Des !oines 

•etropclitan area, is one of the •ore rapidly urbanizing areas in 

the State of Iowa. A particularly significant aspect of this 

trend is its effect upon the natural hydrologic system of the 

basin. 

The specific objective of this study vas to assess the 

impact of urban development on the aagnitude and frequency of 

flocding in the lover reaches of the Walnut Creek basin. 

Observed flood data of adequate period of record are, 

obviously, the •ost reliable source for directly evaluating the 

consequences of urban development. Lacking these data, as in the 

Walnut Creek basin, where only 5 years of flood records are 

available, planners must resort to other sources of usable 

information and alternate •ethods of analysis. A surrogate 

approach often eaployed in urban planning is known as 

deter•inistic modeling or system simulation. According to 

!cGuinness and others (1970) •"••• deter•inistic oriented 

•athematical models of watershed syste•s appear to offer the most 

rational approach both for quantitatively describing hydrologic 

performance of watersheds and for delineating the effects of land 

use and aa nagement practices on strt8:_• flow". 

2 

Based on the preceding reasoning, a deter•inistic •odeling 

•ethod vas utilized in this study. In general, the steps 

selected to implement this study can be su•aarized as follows: 

1. Using a rainfall-runoff aodel, eKtend the short-tera 

annual flood peaks at the gaging station by utilizing 

the long-tera cliaatic data recorded at the nearby Des 

! cines airport and at Perry, Iowa. 

2. Using watershed si•ulat ion techniques, generate 

ccncurrent long term annual peaks for selected degrees 

of urbanization. 

3. Fit flood-frequency curves to the generated annual peak. 

arrays. 

This report describes the simulation technique which vas 

e• ployed and su••a rize s the results of the investigation. 

This report vas prepared by the U.s. Geologica 1 survey under 

the ad•inistrative direction of s. w. Wiitala, District Chief, 

and is the result of a 3-year cooperative agree•ent between the 

Geological survey and the Iowa Ratural Resources council. 

The author is grateful to Arlen D. Feld•an of the Corps of 

Engineers Hydrologic Engineering Center, Davis, California, for 

his advice, assistance, and cooperation in supp'lying co•puter 

progra•s and documentation. 
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STUDY AREA 

The Walnut Creek basin is in parts of Dallas and Polk 

Counties, as shown on the location aap (fig. 1). 

Walnut creek is a left- bank tributary of the Raccoon River 

and flows in a southeast direction entering the Raccoon River 

within the city liaits of Des !oines. The lover portions of the 

basin consisting of about 8 to 10 percent of the total area is 

highly urbanized. Nearly all the reaaining area is agricultural 

with approxiaately 75 percent in cropland. The predoainant soil 

type is a combination of Clarion and Nicollet (Stevenson and 

Brown, 1922), which are classified in the hydrologic group B 

(U.S. Soil Conservation Service, 1972). Soils in this group are 

characterized by moderate infiltration rates. 

Elevation in the basin ranges froa 850 to 1,050 feet above 

mean sea level. The topography varies fro• nearly level to 

rolling terrain. The average annual precipitation is about 32 

inches, aost of it falling during freeze-free periods. 

RAINFALL-RUNOFF !ODEL 

A aodel called HEC-1 which vas developed by the Hydrologic 

Engineering Center, u.s. Aray Corps of Engineers, (1973), vas 

selected for use because it satifies the project requireaents, is 

relatively siaple to use, and it ra~uires less data than 

altErnate models. 
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M ISSOURI 

VICIN ITY MAP 

EXPLANATION 

MODEL STUDY SITE 
WEATHER BUREAU RAIN GAGE 

-•-BAS IN BOUNDARY 

5 0 5 10 mi les 

E3~~~~========~======~ 

1 Walnut Creek near Grimes (30.0 mi 1 ) 
2 North Walnut Creek tributary at Clive (1 . 95 mi 1

) 

3 North Walnut Creek at Clive (13. 14 mi 1
) 

4 Walnut Creek at Des Moines (78.4 mi 1 ) 

Figure 1. Map of Walnut Creek b asin, Iowa. 
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Basically the model requires coaplete definition of a unit 

hydrograph based on the Clark method and precipitation loss-rate 

criteria for the basin or sub-basins to be modeled. HEC-1 has 

the capability to determine a set of unit hydrograph and loss­

rate para11eters which "best" reconstitute observed runoff events, 

given the average rainfall over the basin, the drainage area, and 

a few runoff parameter values. The "best" reconstitution is 

considered to be that which minimizes the weighted square 

deviations between the observed and the reconstituted 

hydrographs. Por ready reference, following is a list of 

definitions of the variables and parameters of the aodel compiled 

fro a the users ftanual. 

bn~ll-l~Erogr~RLB.nab~.§ 

QRCSI - The discharge at which recession flow begins. 

STRTQ - Recession flow for antecedent runoff. 

RTIOR - Recession coefficient that is the ratio of flow at time 
t to that 1 0 coaputational periods (t + 10 t) later 
during recession. 

TC Clark unit hydrograph time of concentration, in hours. 

R clark unit hydrograph storage coefficient, in hours. 

To reduce the coapensating effects of the interdependency between 
TC and R, the variables are grouped. into two nev variables for 
use in the automatic derivation routine. 

TC+R \:. Sua of time of concentration a~d storage coefficient, 
variable used in HEC-1 for optimizing unit hydrograph 
parameters. 

R/(TC+B) -Ratio of storage coefficient to sua of tiae of 
concentration and stotage coefficient; variable used in 
H!C-1 for optiaizing unit hydrograph paraaeters. Por a 
qraphical representation of the Clark unit qraph 
coefficient, see figure 2. 

Lo§S Rate ~~~~~!!~~ 

DLTKB laount of initial accuaulated rainfall loss during which 
the loss n te coefficient is increased. This paraaeter 
is considered to be a function priaarily of antecedent 
soil aoisture deficiency and is usually different for 
different storas. 

STRKR Starting value of loss coefficient on exponential 
recession curve for rainfall losses (snow-free ground). 
The starting value is considered a function of 
infiltration capacity and thus depends on such basin 
characteristics as soil type, land use, and vegetal 
cover. 

RTIOL Ratio of rain loss coefficient on exponential loss curve 
to that corresponding to 10 inches more of accuaulated 
loss. This variable may be considered a function of the 
ability of the surface of a basin to absorb 
precipitation and should be reasonably constant for 
large rather hoaogeneous areas. 

ERAIN Exponent of precipitation for rain loss function 

A LOSS = (lK + DLTK) PRCPERAIN 

that reflects the influence of precipitation rate on 
basin-average loss characteristics. It reflects the 
manner in which storms occur within an area and aay be 
considered a characteristic of a particular region. 
Varies from 0.0 to 1.0. The teras in the equation are 
defined as: 

ALOSS = loss tate for particular time. interval in inches 
per hour. 

AK = loss rate coefficient at beginning of tiae 
interval. 

PRCP = rainfall intensity in inches per hour 

DITK = increaental increase in loss tate coefficient. 
DLTK is assumed to be a parabolic function of 

6 7 
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the accumulated loss for DLTKR amount of 
accuaulated loss. DLTK is a aaximu• of 0.2 
DLTKR initially reducing to zero vhen the 
accuaulated loss equals DLTKR. A graphical 
representation of the loss rate paraaeters is 
illustrated in figure 3. 

BASIC DATA 

During the first year (1975) of this three-year project, a 

data-collection network vas established to obtain concurrent 

streamflow and rainfall data. The gaging stations in the basin 

were installed in accordance with the following criteria: 

1. Update the instrumentation at the recording station near 

the mouth of Walnut Creek which has been in operation 

since 1971. 

2. Select a site in the basin to collect data for an 

essentially rural area. 

.3. Select a site in the basin to collect data for a 

partially urbanized area. 

q. Select a site in the basin to collect data for a 

completely urbanized area. 

5. Assure that stations in the network represent a 

significant range of drainage-area sizes. 

Budget constraints limited the nuaber of gaging stations to 

four including the existing gaging station. Each gaging site vas 

equipped vith a Stevens 1-35 water-stage recorder with a rainfall 

recording attachaent. Figure 1 shows their locations. 
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Data-collection expectations were not fully realized because 

the study area, experienced severe drought conditions with very 

little storm activity. This situation persisted throughout the 

time of the project limiting the collection of data to no more 

than tvo or three significant storms at each gaging station. 

Furthermore, the location of the gage installed to collect data 

for a fully urbanized area proved to be unsatisfactory and had to 

be moved. Hence, data froa only three stations were available at 

the time of this study (1977). 

Other data used in this study were long-term records of 

hourly rainfalls at the Des Moines airport and concurrent 2Q-hour 

total rainfall amounts recorded at Perry, Iowa. The locations of 

these rainfall stations are shown in figure 1. 

MODEL CALIBRATION 

Regional Analysis of Model Parameters 

The usefulness of a calibrated aodel, such as the one 

described above, is considerably expanded by providing future 

investigators with the ability to estimate the aodel parameters 

for ungaged areas within the basin. This vas accoaplished by 

regionalization techniques in which model parameters were related 

to physiographic, land-use, and climatic characteristics of the 

basin. Regionalization of model parameters is not one of the 

primary objectives of the present study. However, efforts have 

been made at this tiae to develop a set of criteria for 
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estiaating aodel paraaeters for ungaged watersheds within the 

Walnut creek basin. 

The modeling sequence and the results of the regionalization 

studies are summarized below. 

Modeling Sequence 

The calibration of the model and definition of regional 

relations were accoaplished generally in the following seqoence. 

1. ccmpile precipitation and runoff data for all of the 

storms at the gage. 

2. Deteraine STRTQ for each storm at the gage. 

3. Determine QRCSN for the recorded flood by plotting the 

flow recession on seaUogarithaic paper and selecting 

the discharge above which the recession significantly 

departs fro• a linear relation. 

4. Determine RTIOR. This value is equal to the slope of 

the linear function discussed in Step 3. 

5. Compute TC, R, STRKR, DLTKR, RTIOL, and ERliM for all 

storms at the gage using the optimizing routine of the 

model. 

6. Repeat steps 1 through 5 for all gages in the basin. 

Based on the results, select an average regional value • 
for ERAIN. 

. .. --

12 

7. Repeat Step 5 for all gages and selected storms with 

ERAIN fixed to equal the regional value. Select a 

regional value for RTIOI. based on previous computations. 

8. Compute TC, R, STRKR, DI.TKR, using the optiaizing 

routine of the model for all storas at all gages with 

the regiona 1 values of ERAI N and RTIOL fixed. 

9. Froa the results of Step 8, select a representative 

value of STRKR for each gage, and recoapute TC, R, and 

DtTKR for all gages and storas with BRAIN, BTIOI., and 

STRKR fixed. 

10. select an appropriate value for DLTKR and an average 

value for RfTC+R for each subbasin and optimize TC and 

R, with R/TC+R, STRKR, ERAIM, DLTKR, and RTIOL fixed for 

the selected storms at each gage. 

11. select an average representative value of TC and R for 

each streaa, check the goodness of fit of selected 

storms. Adjust TC+R and rerun if needed. 

12. R egiona li ze the model para•eters. 

13. To judge the quality of the regional approach coapute 

the aodel para•eters by using the regional relations and 

reconstitute known runoff events at each site and 

compare. E e. aples of such comparisons are shown in 

figures 4, 5, and 6. In addition, the final rainfall­

runoff values were co•pared to the relations developed 

by the Soil conservation Service (197 2) where less rates 

13 
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are characterized by a curve number (CN) which is a 

function of the land cover (land use) and soil 

characteristics (hydrologic soil group) • The results of 

this comparison were quite satisfactory and well within 

acceptable limits of departure fro• the curves that 

apply to the Walnut Creek basin. 

The results of the regional study are suamarized below. 

Results of Regional Analysis 

Runoff-Byd rogra ph variables 

QRCSN = 35 A0.50 

B TIOB = 2.10110.10 

STRTQ = O. 51 

Clark Unit Bydrograph Variables 

TC + R = 1.65 A~51 

and 

R/(TC + R) = 0.50 

Substituting between 4 and 5 

R = 0 • 8 3 A 0.5 1 

A = Drainage area in square miles. 

( 1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Figure 7 shows the relation between TC + ~ and drainage 

area. Each point represents the average optimized value at the 

gage. 
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Loss Rate Paraaeters 

!RAIN = 0. 54 

RTIOL = 2. 94 

STRKR = O. 32 

DLTKR (function of antecedent conditions). 

It should be noted that the results obtained froa the regional 

relations are applicable only to the Walnut creek basin. 

SYNTHESIS OF FLOOD PEAKS 

Processing of rainfall data 

The rainfall-runoff aodel, calibrated as explained 

previously, vas used to synthesize flood peaks using long-tera 

rainfall records for Walnut Creek at Des Moines (drainage area 

78.4 ai2). Rainfall storms were selected fro• data recorded at 

the Des Moines airport and at Perry, Iowa. 

The Des Moines rainfall-recording station has been in 

operation since 1879. However the tiae response of the basin is 

such that the mcdel requires hourly rainfall distribution data. 

Therefore, only the 36-year record for 1941-76 water years is 

usable. 

HEC-1 performs "luaped" para• ter aodeling. This aeans that 

the coaputed parameters and the input data, such as rainfall, are 
\. 

~ .. 
considered to be average values and, in the case of rainfall, 

uniformly distributed over the watershed. In order to meet this 
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data requirement, it vas necessary to take into consideration the 

additional rainfall record at Perry, Iowa (fig. 1). However, the 

concurrent data at Perry consists of 2q-hour totals only. Of the 

various rainfall distribution schemes tried the best results were 

obtained by using the hourly rainfall distribution pattern 

recorded at the Des Moines station and adjusting each hourly 

total by the ratio between the 2q-hour total recorded at both 

stations. The results of this procedure coapared satisfactorily 

to the rainfall distribution indicated by the short-term rainfall 

data recorded at the stations in the network during the three 

years of operation. In addition, long-term station rainfall data 

prepared according to this procedure vere used tc reproduce the 

peaks from 1972 to 1976 recorded at the existing gaging station 

on walnut creek at Des Moines. Results were essentially the saae 

as those obtained using short-term rainfall data. Thus the long­

term rainfall distribution can be used to synthesize annual peaks 

with acceptable accuracy. 

The antecedent conditions before a given storm event vere 

determined by examining the rainfall activity for the 10 days 

preceding the storm. 

All of the storm events in the long-tera record which 

appeared likely to produce a high peak vere simulated with the 

model. From these runs, the storm'- event which resulted in the .... 
highest peak discharge within a water year vas selected and 

included in an array of 36 annual storms. These data constitute 
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the basic input to simulat e the basin response to selected le vels 

of urban develop me nt stages. 

Simulation of Peaks 

Leopold (1968) describes four interrelated but se parable 

effects of land use changes on the hydrology of a watershed: 

changes in total runoff, changes in pe ak flow characteristics, 

changes in quali t y of water, and changes in the hydrologic 

amenities. 

The scope o f this study is limit ed to t he cha nges in peak 

flow characteristi cs. 

The principal factors governing the peak fl ow 

characteristics are the portion of area made imperv ious by the 
' 

urbanization processes and the rat e at which the flow is conveyed 

across the land to the stream channels. 

The volume of stora runoff is governed primarily by t he 

infiltration characteristics, which ar e related to land slope, 

soil types, and vegetative c over. Th us the infiltration 

characteristics of the basin are directly related to t he percent 

of area made i mper vious by urbanization. 

The rate at which wat er is convey ed across the ba sin is 

related to the density, size, and hydraulic charact eristic of th e 

tributary channels . Ther efore it i s a lso related t o the 

provision of s t or m sewerage systems, which alter the natural 

conditions of the basin. Observed dat a to develop relations 
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describing the effect of channel aodification on the unit 

hydrograph parameters are not available at this tiae. For the 

purpose of this study, factors for adjusting these paraaeters 

have been obtained from experiaental data coapiled by the Soil 

Conservation Service (1975). 

Results 

To compare the effects of urbanization on the flood flow 

characteristics of Walnut Creek, five simulation runs were made. 

The first run vas for the basin in its present stage of 

urbanization (about 5 percent of the area iapervious). The 

remaining runs were aade by changing the pertinent model 

parameters to reflect 20, 30, 50, and 100 percent of the basin 

impervious. Taking into account the size of the drainage area 

and the type of urban developaent expected to take place, the 

upper limit is likely to be less than 50 percent iapervious. 

The synthetic annual peaks for each year of rainfall record 

are listed in Table 1. 

Frequency curves for each of the annual peak series listed 

in Table 1, were coaputed by fitting the Pearson Type III 

distribution function to the logarithas of the annual peaks. The 

computed log-Pearson distribution ~rameters are listed at the 

bottom of Table 1. The resulting frequency curves are shown in ., 

figure a. 
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The variation of the log-Pearson type III distribution 

parameters with pe~ent of impervious area is shown in figure 9. 

If desired, this figure could be used to calculate frequency 

curves between those shown in figure a. 
Included in figure a and for the purpose of comparison, is a 

"regional frequency curve" which vas estiaated by using an 

entirely different approach fro• the one discussed in this 

report. Methods for estiaating regional flood-frequency curves 

for the state of Iowa are explained by Lara (1973, 1974). 

Theoretically, the regional curve describes the flood-frequency 

characteristics of Walnut Creek in its natural condition. 

The i•pact of urbanization on the flood-frequency 

characteristics of Walnut creek, as measured by increasing 

percentages of iapervious area over the basin, can be evaluated 

from the data summarized in table 1 and figure 8. 
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Ta ble 1. Sy nthetic annual peak discharges, i n cubic feet per second, 
compiled from model responses to present conditons and to selected 
degrees of urbanizat ion. 

water _::: ri£erviou§-areaover the !!asi.ILin_R~~~.D!--
year 5 20 30 50 100 

-----.E~g§~.!}j; __________ ~--~ 
1941 4080 4870 5230 5800 
1942 4140 5430 6030 6850 
1943 1890 2510 2820 3350 
1944 2870 3720 4140 4930 
1945 2230 3180 3660 4530 
1946 2000 2820 3240 3970 
1947 5310 6600 7190 8390 
1948 3280 4200 4730 5650 
1949 1970 3020 3560 4570 
1950 2820 3570 4040 4870 
1951 2640 3630 4120 5080 
1952 3380 4090 4430 5040 
1953 790 1420 1770 2430 
1954 4790 5980 6550 7680 
1955 2200 2860 3210 3830 
1956 345 818 1070 1550 
1957 77 5 11 80 1400 1780 
1958 6890 8570 9360 10800 
1959 2350 3320 3790 5150 
1960 4010 5130 5700 6740 
1961 3600 4910 5550 6840 
1962 2 83 0 3600 3970 4570 
1963 6030 7370 7990 9170 
1964 2260 2980 3380 4110 
1965 1730 2400 2740 3370 
1966 1630 2180 2470 2940 
1967 3080 3750 4090 4580 
1968 3810 4810 5390 6320 
1969 1170 1990 2390 3170 
1970 3220 4120 4560 5460 
1971 1630 261 0 3130 4100 
1972 672 1360 1700 2370 
1973 8990 10800 11600 13400 
1974 8120 10000 10900 12800 
1975 5840 7290 8000 9340 
1976 2450 3310 3750 4540 

• 

----6930 __ _ 
9390 
4670 
6500 
6320 
5430 

10400 
7400 
6480 
6300 
6880 
6340 
3810 
9480 
5200 
2660 
2740 

12700 
7210 
8600 
8850 
5690 

10800 
5440 
4670 
4020 
5700 
7990 
4830 
6770 
5970 
3850 

15400 
14800 
11400 

6140 

Mean 3.417 3.555 3.609 3.694 3.819 
S.D. 0.307 0.251 0.2 35 0.215 0.180 
~~g.!!_ ___ =Q~5* ---=Qd.L __ :::_,dL __ :o .s..1.2_ ___ =Q.&~ 

• The skew for this array was adjusted accord ing to u.s. Water 
Besources Council Guidelines Bulletin 17 (1976). It was assumed 
that these peak s rep resents closely the natur al conditions of the 
basin. No other adjustments were made. 
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Figure 9. Relations between the log-Pearson type III distribution 
parameters and percent of impervious area for Walnut 
Creek at Des Moines. 

2.6 

Por exaaple, the flood discharge which has a 1 percent 

chance of occurring within any given year (100-year flood) for 

the basin in its present stage of urbanization (about 5 percent 

impervious) is 10,600 cubic feet per second (cfs). It could 

increase to 14,700 cfs when the impervious area in the basin 

reaches a 50 percent level. In teras of the probability of 

occurrence, the present 1 percent flood could have a future 

probability of 6 percent (17-year flood). Likewise, the 50 

percent flood (2-year flood) could increase from the present 

2,760 cfs to 5,000 cfs, or the present 2-year flood could have a 

future probability of 90 percent. Note that, in the preceding 

example the aagnitude of the 100-year flood increases by 39 

percent, while that of the 2-year flood increases by 81 percent. 

These t .rends are consistent with those reported by other 

investigators who have conducted siailar studies elsewhere, such 

as Anderson (1968), Leopold (196~, Rantz (1971), and Waananen 

and Crippen (1977). 

CONCLUSIONS 

It could be anticipated that an appreciaticn of the results 

of this aodeling project will vary with the lev~l froa which it 

is viewed. To the user basing his conclusions on the tabulated 

results, and the appearance of the coaputed and observed 

hydrographs, it may suggest that the coaplexities of the 

rainfall-runoff relations in the Walnut Creek basin have been 

27 



satisfactorily explained. To the aodeler who has had to struggle 

with data which may be inadequate and assuaptions which aay not 

be entirely satisfactory, it aay appear that the results are 

tentative and in need of further refineaent. Because this report 

has been prepared for the benefit of the user as well as the 

modeler, it is appropriate to point out briefly its strong 

points, identify its weaknesses, and suggest possible future 

studies. 

Among its strengths are the conclusions derived fro• this 

study, which appear to be consistent and in close agreeaent with 

the results reported by investigators who have conducted siailar 

studies elsewhere in the nation. 

The reader also is referred to figure 8 to observe the close 

agreement between the synthetic frequency curve corresponding to 

th e basin in its present state and the regional frequency curve, 

which theoretically tepresents the flood flow characteristic of 

the basin in its natural state. considering that the basin is 

presently about 5 percent impervious, the agreement is indeed 

remarkable. Hence, another element of strength is the fact that 

the results froa a siaulation approach have been verified by the 

results of a widely used and accepted technique, which uses a 

statistical approach. 

The obvious shortcoaing and ao~t , probable source of 

criticisa are the liaited runoff data available to conduct this 

study. In addition there is a lack of recorded data concerning 
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the effect of severed or improved channels on the time of 

concentration and storage characteristics of the va tershed and 

subbasins. 

The above remarks are not intended in any way to demean the 

inforaation presented in this report. By describing the 

strengths and deficiencies, the intention is to underline the 

confidence with which the information may be placed to pract ical 

use. 

In reference to further studies in this basin, there is a 

need to develop a set of flood-routing criteria, similar to the 

unit hydrograph and loss-rate criteria developed in this study. 

A set of routing criteria would give the users of this mcdel the 

capacity, for example, to evaluate the impact of a project in a 

distant tributary of the basin on the flood-flow characterist ics 

at a downstream location, or to conduct coaprehensive flood-plain 

management studies, such as the one outlined by Davi s (1976) for 

the oconee River basin in Georgia and Farnham (1977) for the Crow 

Creek basin in Iowa. 
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