ZUSGS

 science for a changing world

TECHNIQUES FOR ESTIMATING
- FLOOD-FREQUENCY DISCHARGES
FOR STREAMS IN IOWA | w

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations Report 00-4233

Prepared in cooperation with the

IOWA DEPARTMENT OF TRANSPORTATION
and the IOWA HIGHWAY RESEARCH BOARD
(Project HR-395A)




Front cover: Shaded relief map of Iowa (from U.S. Geological Survey digital elevation data
model (DEM) data).




TECHNIQUES FOR ESTIMATING
FLOOD-FREQUENCY DISCHARGES
FOR STREAMS IN IOWA

By David A. Eash

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 00—4233

Prepared in cooperation with the

IOWA DEPARTMENT OF TRANSPORTATION
and the IOWA HIGHWAY RESEARCH BOARD
(Project HR-395A)

lowa City, lowa
2001



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Charles G. Groat, Director

The use of firm, trade, and brand names in this report is for identification purposes
only and does not constitute endorsement by the U.S. Geological Survey.

For additional information write to: Copies of this report can be purchased
from:

District Chief U.S. Geological Survey

U.S. Geological Survey, WRD Information Services

Room 269, Federal Building Box 25286

P.O. Box 1230 Denver, CO 80225-0286

400 South Clinton Street
lowa City, IA 52244

N



CONTENTS

- Page
ADSEIACT ... cuitrirt ettt s ettt b et aae e ettt bae bt b ke ekt e s e e R e A et Ea R Rt S e e ek k ettt ek ek s n e s e aene e e ererean 1
INEFOQUCHION ...ttt sttt et et e a bbb et e s e s a e e e e e s ra et eseae e e et e s be it b estate bt sastnses 1
PUIPOSE ANA SCOPE ...ttt st et et e et et s s e s e e saessassaestessenbanstenteaesreaseassasseensanssensesessrsessenseensans 2
ACKNOWIEAZIMENLS .....ceeriiritireiitii ettt ste e st eae st se st s es e st et st e e st e r e se s e e e et ket st esaanebe st sa et esnrsearenncenns 2
ANALYICA] PTOCEAUIES .....covviirerirrrrirrineeseetestesteesaeseeserastestesstssesssassensassesssessessesssassessesresssesssastassessesseessasseens s 2
Quantification Of Dasin ChArACIETISTICS. ........cevveereerineieieeie et ceeee et ereesescaesrasbeesvestesseessesasessesseerssssseseesnesaesaressnsssans 4
Flood-frequency analyses at SagEd SILES........cccreerereirieerreeiriniert sttt et s s e s be et e e st st s e nenesnone 4
Generalized-skew-COBffICIENt ANALYSIS .........oeeeerieieieie e et et et aese e st e st e st e rastasnsressaasassesaessararesaseasessensees 5
Regression MEthOAS .....cc.cv ettt et et bt e e e e stk et et et asaeanbesaesn e b enes 9
REZIONAL ANALYSIS ...c.ucrviveniriirtisreieeer ettt ettt vt e st et s es s e e s anabeses b e bt e aea e s aateasesease st e s asaeseesssrensrasesseneeneas 12
Region-of-InflUENCE ANalYSiS ........ccvcveeeiiereeiientiee ettt sttt et b e e sttt bt e e et sabeenanens 20
Comparison of regression MEthod TESUILS......c..cceirieiriieririciees et et eat et esesre et esresrsnasess e srsrassesessesesssasaseessenens 25
Accuracy and limitations of regional regression EStMALES ...........covvvereereuinrieieeereerereseeeseesesesesestssesse e st e sasessssessrersseenens 25
Techniques for estimating flood-frequency discharges for streams in Iowa..........ooveeeeicenerencs it 29
Regional regression estimates for ungaged sites on ungaged StrEAMS.........ccerverevrerrirrriririereeireesssteereesesesscesenenene 30
Example 1: Estimates for single-region basins not overlying the Des Moines Lobe .......ccccoevvvvnirinrccennnee. 30
Example 1A: One-variable EqQUALION ........c.coveiriiccirienriirenineseecccetee s s esesee e sses s easansseseseosesissesasnine 30
Example 1B: Multi-variable €qUAation ...........ccccerireeiereineirenirinenieneneesieneeessenesesseessssesessssesesseesssiesessns 30
Example 2: Estimates for mixed-region basins not overlying the Des Moines Lobe..........ccecvvevenvrnninrcecnenens 32
Example 2A: One-variable €QUAtION ........cooccviiicrciinnrerereeiren ittt s e s nene s 32
Example 2B: Multi-variable €quation ............ccccocoveinniiiniinnnien et eteereerenneas 32
Example 3: Estimates for Region 2 basins overlying the Des Moines Lobe.........cc.ccvevcevevrieiennienecceciiiniin 33
Example 3A: One-variable eqQUALION ..........ccvivririenirieieniniiiteiiee et st stesiseeesee et esteseasesesassesesessenens 33
Example 3B: Multi-variable QUALION ...........c.ccriieeiiierriicninienerercterere et ses e seets s e s esen e i 33
Example 4: Estimates for mixed-region basins overlying the Des Moines Lobe...........ccooecvennennnncnicnnincns 34
Example 4A: One-variable €qUALION .......c.cccoieicierniiientee ettt ettt e et s e e 34
Example 4B: Multi-variable qQUAtION ..........coececveieriviiirineesieereeeeseesereeesreeseneesssasssesesesessesessesesserssnene 34
Weighted estimates fOr AZEA SIES........viriieecriieteicriei ettt see sttt e s et se e e st emsseesasaesesessesssseraeanan 35
Example A: One-variable €QUALION .......cocoieevieirrerreiieieeriees e stesseteseseseesesesesesesessessssenessenessensasasssseserensens 35
Example B: Multi-variable @qUAatiOn ...........cccoverioririinieieeiinecisrc et es e cs e e borasobin 35
Weighted estimates for ungaged sites on gaged SITEAMS .........cocvuiiiriiriiierieee ettt s baeeeseenene 36
Regression-weighted estimates for ungaged sites on gaged Streams..........cceoreruerererererereresenerseenesenercnaninns 37
Example A: One-variable €qUatiON .........c.ccceerierevnniircnineeiee ittt et e saensnes 37
Example B: Multi-variable equation .............cocieiicininereinci s saen e 38
Area-weighted estimates for ungaged sites on gaged SITEAMS...........ccvveeeeeueririrrnrerenreerieesieresseseseesseeerenesnes 38
Example A: One-variable qUAation ...........ccccvuiniiiiiniienierinenesier ettt et seeee s e s s snesrens 38
Example B: Multi-variable €qUation ............coecceueiriririnierinieineeereienesseieiestsse st e e sasesesnescons . 39
Maximum floods 10 IOWA......c.cocoiiiniiinicceeerc e st et erteet ettt ettt s nees 39
SUITIMIATY ...ceeviiiet ettt st es e s st saete e et e aes s ebest st ene st eae st st e st ase st et eaneseatebese et ontstese sbbeneasansnsaststesestabenssnssesesnsenensentene 41
RETFEIENCES CIIEA......ccirerreretierertrie ettt ettt st a ettt st te s b s saasebes ek esseeneebs s e sasasarsstesesesassssesebesennssesebernsanns 43
Appendix A. Selected Dasin ChArACIETISTICS .. .....eurieveriririrriertrieietee sttt eiee st te st teseseebe s e et steestesestessasesessesesessesanseseesensenens 45
Appendix B. Technique for manual, topographic-map measurement of main-channel SIOpe..........cccocvevenrriennrnercreennne 48
FIGURES
1-2. Maps showing:

1. Location of basin centroids for streamflow-gaging stations used to develop generalized-skew-
coefficient iSOLNES FOT TOWA.......orciriiicr et 3
2. Generalized-skew-coefficient iSOHRES fOr JOWA. ....occvvurvruriiririrrcc sttt 7

CONTENTS i




3. Graph showing variogram used to krige estimates of generalized skew coefficients for Iowa..............ccc.ccceee 8

4. Map showing standard deviations of skew estimates for the lattice that was contoured to create the
generalized-skew-coefficient iSOLNES FOT IOWA .......ccvueeirereeeeceiereise sttt ettt sttt srraas 10

5. Graph showing examples of flood-frequency curves computed using superseded and revised
generalized-skew-COeffiCiEnt VAIUES .........cccvveiireireciree et 11

6-10. Maps showing:
6. Location of streamflow-gaging stations used to develop regional flood-frequency equations

FOT TOWE .ttt ettt s sh et s sa et s s e en e b sas s bbb r e en e ene 14
7. Hydrologic regions in Iowa for flood-frequency estimation equUations ...........cccccoveirninnniinnneinennen. 15
8. Landform regions, limit of Altamont glacial advance, and hydrologic regions in Iowa........ccccocccceinnan. 16
9. Shaded land-surface slopes and hydrologic regions in Iowa........c.coccvrvereircriiiiini e, 17
10. Shaded soil-permeability rates and hydrologic regions in Iowa.......c.coceeiveeceiinininicininicccn e 19
11. Graphs showing relation between 100-year recurrence-interval discharge and drainage area for
(A) Region 1, (B) Region 2, (C) Region 3, and (D) all three one-variable regional regression equations ....... 23
12. Map showing Des Moines Lobe landform region and hydrologic regions in Iowa ..........ccovevniiniininininiins 24
13. Graphs showing relation between basin characteristics for REgion 2 ... 28
14. Graph showing relation between basin characteristics for Region 3..........cccconiiiniciiininininnnincccinees 29
15. Map showing location of stream sites and basins used to exemplify techniques for estimating
floOd-freqUENCY dISCHATZES .....cccvviuireeieiie ettt e et e e e e 31
16. Graph showing relation between maximum flood discharge and drainage area for streams in Iowa .................. 40
17. Map showing topographic-map measurements for calculating main-channel slope............ccocevevrvricnnncinn 49
TABLES
1. Selected basin-characteristic, peak-flow-record, and maximum-flood information for streamflow-gaging
SEALLOMIS ..c.eneeeieereeateees sttt et et e st sb e et e bbb et s b s b sh B b e st s e e Bt e a SRR SRS e e s Rt sa st e b ent s 50
2. Flood-frequency data for streamflow-gaging StAtionsS .........ccco.ervereeeecerminencrerrienerirer st nns 65
3-5. Flood-frequency estimation equations for:
3 REZION 1 ot eeeeeeerteateraroe e aer e b tt et e b she e st et e b e abeesa e ae e e s e e e ae e e ne i 20
AU REZION 2 .ottt ettt et e et R e s e b eSS d SRS s b et SRt b e e st b e e r s ens 21
S.REGION 3 .ttt et ettt bttt et e et s Rt st s et n e 22
6. Root mean square error of flood-frequency discharge computed by the regional and region-of-influence
regression methods, presented by hydrologic region and recurrence interval ..........o.oocovciivniiiniiiiiiinnnnns 26
7. Statistical summary of basin characteristics used to develop regional regression eqUations...........cccccccivveciniinennens 27

CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi%) 2.590 square kilometer
foot per mile (ft/mi) 0.1894 meter per kilometer
mile per square mile (mi/mi?) 0.621 kilometer per square kilometer
cubic foot per second (ft3/s) 0.02832 cubic meter per second

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum
derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea
Level Datum of 1929.

Water year: In U.S. Geological Survey reports dealing with surface-water supply, a water year is the 12-month
period October 1 through September 30. The water year is designated by the calendar year in which it ends and
which includes 9 of the 12 months. Thus, the year ending September 30, 1997, is called the “1997 water year.”

iV TECHNIQUES FOR ESTIMATING FLOOD-FREQUENCY DISCHARGES FOR STREAMS IN IOWA




Techniques for Estimating Flood-Frequency
Discharges for Streams in lowa

By David A. Eash

ABSTRACT

A statewide study was conducted to develop
regression equations for estimating flood-
frequency discharges for ungaged stream sites in
Iowa. Thirty-eight selected basin characteristics
were quantified and flood-frequency analyses
were computed for 291 streamflow-gaging
stations in Iowa and adjacent States. A
generalized-skew-coefficient analysis was
conducted to determine whether generalized skew
coefficients could be improved for Iowa. Station
skew coefficients were computed for 239 gaging
stations in lowa and adjacent States, and an isoline
map of generalized-skew-coefficient values was
developed for Iowa using variogram modeling and
kriging methods. The skew map provided the
lowest mean square error for the generalized-
skew-coefficient analysis and was used to revise
generalized skew coefficients for flood-frequency
analyses for gaging stations in Iowa.

Regional regression analysis, using
generalized least-squares regression and data from
241 gaging stations, was used to develop equations
for three hydrologic regions defined for the State.
The regression equations can be used to estimate
flood discharges that have recurrence intervals of
2,5, 10, 25, 50, 100, 200, and 500 years for
ungaged stream sites in lowa. One-variable
equations were developed for each of the three
regions and multi-variable equations were
developed for two of the regions. Two sets of
equations are presented for two of the regions
because one-variable equations are considered
easy for users to apply and the predictive
accuracies of multi-variable equations are greater.

Standard error of prediction for the one-variable
equations ranges from about 34 to 45 percent and
for the multi-variable equations range from about
31 to 42 percent.

A region-of-influence regression method
was also investigated for estimating flood-
frequency discharges for ungaged stream sites in
Iowa. A comparison of regional and region-of-
influence regression methods, based on ease of
application and root mean square errors,
determined the regional regression method to be
the better estimation method for Iowa.

Techniques for estimating flood-frequency
discharges for streams in Iowa are presented for
determining (1) regional regression estimates for
ungaged sites on ungaged streams; (2) weighted
estimates for gaged sites; and (3) weighted
estimates for ungaged sites on gaged streams. The
technique for determining regional regression

-estimates for ungaged sites on ungaged streams

requires determining which of four possible
examples applies to the location of the stream site
and its basin. Illustrations for determining which
example applies to an ungaged stream site and for
applying both the one-variable and multi-variable
regression equations are provided for the
estimation techniques.

INTRODUCTION

Reliable estimates of flood-frequency discharges
are essential for the economical planning and safe
design of bridges, dams, levees, and other structures
located along rivers and streams and for the effective
management of flood plains. Techniques that are as
accurate as possible, yet relatively easy to apply, are
needed to estimate flood-frequency discharges at
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ungaged stream sites in Iowa because long-term peak-
flow data are available at relatively few gaged sites.

Streamflow-gaging stations operated by the U.S.
Geological Survey (USGS) are the primary source of
long-term peak-flow data in Iowa. Regression analyses
performed on data collected at gaging stations are used
to develop equations to estimate flood-frequency
discharges at ungaged sites. The equations are
developed by relating flood-frequency discharges to
significant basin characteristics for selected gaging
stations. Flood-frequency discharges computed for
gaging stations are statistics that can change as more
data become available (Eash, 1997). Statistics become
more reliable as longer-term data are collected and
used in the computations.

In response to the need to update and improve
the predictive accuracy of estimates of flood-frequency
discharges for ungaged stream sites in lowa, the USGS,
in cooperation with the Iowa Department of
Transportation and the lowa Highway Research Board,
initiated a statewide study in 1998. This study updates
flood-frequency estimation equations for streams in
Iowa with data collected through September 30, 1997.

Several improvements in analytical procedures,
computer technologies, and digital-data sources
recently became available and were used in this study.
Kriging, a geostatistical method, was used to develop a
generalized-skew-coefficient map for lowa. Larger
scale digital line graph hypsography data (1:100,000)
and digital soils data (1:250,000) were used to more
accurately quantify basin characteristics for gaging
stations. A geographic information system (GIS) and
Basinsoft (Harvey and Eash, 1996), a GIS procedure,
were used to spatially analyze digital data and to
quantify several additional basin characteristics.
Generalized least-squares regression was used to
weight regression analyses to improve the predictive
accuracies of flood-frequency equations.

Purpose and Scope

The purposes of this report are to (1) present the
results of a generalized-skew-coefficient analysis to
determine whether generalized skew coefficients can
be improved for lowa; (2) describe the compilation of
basin-characteristic and flood-frequency data sets for
streamflow-gaging stations and the use of statewide,
drainage-area, regional, and region-of-influence
regression methods to develop estimation equations;
and (3) present and describe techniques for estimating

flood-frequency discharges for streams in Iowa that
include equations with the greatest predictive accuracy
using whichever regression method and basin
characteristics that produce them and include equations
that are considered easy for the user to apply. This
report is the sixth in a series of reports presenting
techniques for estimating flood-frequency discharges
for streams in Iowa. Previous studies for Iowa were
conducted by Schwob (1953, 1966), Lara (1973, 1987),
and Eash (1993).

Techniques for estimating flood-frequency
discharges described in this report are applicable to
streams in lowa that are not significantly affected by
regulation, diversion, channelization, or urbanization.
The estimation equations presented in this report are

‘limited to streams with drainage areas ranging from 1.3

to 5,452 miZ. Estimation equations were developed for
flood discharges that have recurrence intervals of 2, 5,
10, 25, 50, 100, 200, and 500 years.
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ANALYTICAL PROCEDURES

A study area surrounding Iowa, denoted by the
map border shown in figure 1, was defined by a latitude
and longitude to include all of lowa and parts of
adjacent States. All USGS continuous-record and high-
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Figure 1.--Location of basin centroids for streamflow-gaging stations used
to develop generalized-skew-coefficient isolines for lowa.
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flow, partial-record (crest-stage) streamflow-gaging
stations in Iowa and adjacent States with basins
completely within the study area were evaluated for
inclusion in the study. Gaging stations in Iowa with
peak-flow records of 10 years or longer and gaging
stations in adjacent States with records of 25 years or
longer were selected for the study. Gaging stations
were also selected on the basis of the following criteria:
peak-flow records were not significantly affected by
regulation, diversion, channelization, or urbanization;
peak-flow records did not indicate a significant trend
using Kendall’s Tau analysis; and gaged streams were
defined for 1:100,000-scale digital line graph (DLG)
hydrography data. )

A total of 291 gaging stations were identified for
inclusion in the study--197 gaging stations in Iowa and
94 gaging stations in adjacent States. These gaging
stations are listed in table 1 (at end of report).

Quantification of Basin Characteristics

Thirty-eight selected basin characteristics were
quantified for each of the 291 gaging stations for use as
explanatory variables in the regression analyses. These
basin characteristics are described in appendix A.

Two of the basin characteristics were manually
measured from USGS topographic maps. Drainage
area (DA) measurements were obtained from the
USGS’s National Water Information System (NWIS)
data base and are the published drainage areas for
gaging stations. The majority of the DA measurements
were planimetered from basin boundaries delineated
on 1:24,000-scale topographic maps. The majority of
the main-channel slope (MCS) measurements were
obtained from previous studies (Schwob, 1966;
Burmeister, 1970; Lara, 1973; Curtis, 1987; Krug and
others, 1992; Alexander and Wilson, 1995; Lorenz and
others, 1997; and Soenksen and others, 1999). Manual
measurements of MCS were made from 1:24,000-scale
topographic maps for several of the gaging stations
included in this study that were not measured in
previous studies.

Thirty-six of the basin characteristics were
quantified using Basinsoft, a computer program
developed to run with ARC/INFO (Environmental
Systems Research Institute, Inc., 1998), a GIS. See
Harvey and Eash (1996) for a description of Basinsoft.
Twenty-eight of the 36 characteristics were quantified
using the main program of Basinsoft, which requires
the generation of four source-data layers, three

coverages and one lattice, representing the drainage
divide, hiydrography (stream network), hypsography
(elevation contours), and a lattice elevation model of a
basin, and the attribution of the three source-data layer
coverages. The four source-data layers required by
Basinsoft were generated in this study from three
digital data sources: (1) 1:100,000-scale digital line
graph (DLG) hydrography data; (2) 1:100,000-scale
DLG hypsography data; and (3) 1:100,000-scale digital
elevation model (DEM) data. The DEM was created for
the study area from the DLG hypsography and
hydrography data prior to processing with Basinsoft.

Eight of the 36 characteristics were quantified
using an optional area-weighting program of Basinsoft.
The area-weighting program requires the creation of a
multi-polygonal data layer representing the distribution
of a characteristic. For this study, multi-polygonal data
layers representing one landform characteristic, two
precipitation characteristics, and five soil
characteristics were created for the study area. See
appendix A (at end of report) for a description of the
basin characteristics quantified using Basinsoft.

Flood-Frequency Analyses at Gaged Sites

Flood discharges that have recurrence intervals
of 2, 5, 10, 25, 50, 100, 200, and 500 years were
computed for each of the 291 gaging stations for use as
response variables in the regression analyses. The
magnitude and frequency of flood discharges or flood-
frequency discharges for a streamflow-gaging station
are determined from a flood-frequency analysis that
relates observed annual peak flows to annual
exceedance probability or recurrence interval. Annual
exceedance probability is expressed as the chance that
a specified flood magnitude will be exceeded in any 1
year. Recurrence interval, which is the reciprocal of the
annual exceedance probability, is the statistical average
number of years between exceedances of a specified
flood magnitude. For example, a flood with a
magnitude that is expected to be exceeded on average
once during any 100-year period (recurrence interval)
has a 1-percent chance (annual exceedance probability
= 0.01) of being exceeded during any particular year.
This flood, commonly termed the 100-year flood, is the
theoretical peak discharge against which actual flood-
peak discharges generally are compared. Although the
recurrence interval represents the long-term average
period between floods of a specific magnitude, rare
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floods could occur at shorter intervals or even within
the same year.

In this study, the method described in Bulletin
17B of the Interagency Advisory Committee on Water
Data (1982) was used to compute flood-frequency
analyses. All flood-frequency analyses were computed
by fitting a Pearson Type III distribution to the
logarithms (base 10) of the annual peak discharges by
means of the USGS PEAKFQ program (Kirby, 1981).
These flood-frequency analyses include peak-flow data
collected through September 30, 1997.

At least 10 years of gaged annual peak flows are
required to compute flood-frequency analyses using
the “Bulletin 17B” method. The record of annual peak
flows for a gaging station includes the years during
which the gage was operated, which is termed the
“period of systematic record.” The record also may
include historical floods collected for years outside the
period of systematic record. Annual peak flows, which
are maintained in the USGS peak-flow file data base (in
NWIS), were used to perform the flood-frequency
analyses described in this report. Data from the USGS
peak-flow file data base can be obtained from the World
Wide Web at URL (uniform resource locator) <http://
waterdata.usgs.gov/nwis-w/US/>.

For flood-frequency analyses of gaging stations
in Jowa, extremely small discharge values (low
outliers) were censored and adjusted for, historical data
were used to make adjustments for extremely large
discharge values (high outliers), and a weighted skew
coefficient was calculated for each gaging station using
both the station skew and a generalized-skew-
coefficient value obtained from a generalized-skew-
coefficient analysis (described in following section).
Whenever possible, historical flood data or historical
information were used to extend the peak-flow record
for Iowa gaging stations. Flood-frequency analyses for
gaging stations in adjacent States were performed
using the same computational procedures used by the
respective USGS offices. Flood-frequency analyses for

95 of the 291 selected gaging stations were adjusted for -

historical data or information, whereas analyses for the
other 196 gaging stations were based only on their
period of systematic record.

Table 2 (at end of report) lists the flood-
frequency discharges computed for the 291 gaging
stations. Included in table 2 is a list of the generalized
skew coefficients that were used to weight the station
skews in the flood-frequency analyses.

Generalized-Skew-Coefficient Analysis

Bulletin 17B of the Interagency Advisory
Committee on Water Data (1982) recommends the use
of weighted skew coefficients for the computation of
flood-frequency analyses. Weighted skew coefficients
are calculated using both the station skew and a
generalized skew coefficient developed from many
long-term gaging stations in the region. Weighted skew
coefficients provide a better estimate of the skew
coefficient for a gaging station.

As part of the computation of flood-frequency
analyses, a generalized-skew-coefficient analysis was
conducted to determine whether generalized skew
coefficients could be improved for lowa. The
generalized skew coefficient for a gaging station can be
estimated using the nationwide isoline map of
generalized-skew-coefficient values presented in
Bulletin 17B or by using one of three regional skew-
analysis procedures described in Bulletin 17B to
estimate generalized skew coefficients. The nationwide
skew map in Bulletin 17B was intended to be used in
the absence of a detailed regional study. Bulletin 17B
recommends three alternative procedures for
estimating generalized skew coefficients in a regional
study: (1) compute the mean station skew for a region,
(2) develop a regression equation that relates station
skews to basin characteristics, and (3) plot station
skews at the centroids of their basins and develop an
isoline map. Mean square errors (MSE’s) calculated for
the procedures were compared to evaluate the
predictive accuracy of the procedures and to determine
whether generalized skew coefficients can be improved
for Iowa. The MSE was computed as the arithmetic
mean of the square of the differences between the
skew-coefficient estimate (calculated using either the
regional skew analyses or interpolated from the
nationwide skew map in Bulletin 17B) and the station
skew computed from the flood-frequency analysis.

Flood-frequency analyses were performed to
compute station skew coefficients for 239 gaging
stations with 25 or more years of record using the
USGS program PEAKFQ (Kirby, 1981) and Bulletin
17B guidelines. Figure 1 shows the location of basin
centroids, and table 2 lists the station skew coefficients
computed for these gaging stations. The analyses were
performed using annual peak-flow data collected
through September 30, 1997, for 145 gaging stations in
Towa and 94 gaging stations in adjacent States.
Adjustments were made for historical data and for low-
value outliers. Analyses for gaging stations in adjacent
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States were performed using the same computational
procedures used by the respective USGS offices.

Tasker and Stedinger (1986) discuss the use of a
bias-correction factor for station skews. The bias in
skew coefficients primarily results from relatively
short-term records for gaging stations; however, the
effect of the bias decreases with longer term records.
Because of the relatively long period of record
available for this generalized-skew-coefficient analysis
(at least 25 years) and inclusion of historical data, the
bias-correction factor was not used.

A mean square error (MSE) of 0.272 was
calculated for the 145 gaging stations in Iowa from
generalized skew coefficients interpolated from the
nationwide skew map in Bulletin 17B using the
PEAKFQ program. This MSE of 0.272 from the
nationwide skew map is the base value for comparing
and evaluating MSE values calculated from the three
regional skew-analysis procedures recommended in
Bulletin 17B.

For the first regional skew-analysis procedure, an
MSE of 0.217 was computed for a mean skew-
coefficient value of -0.168 that was calculated from the
station skews for the 145 gaging stations in Iowa. For
the second procedure, a regression analysis was
performed using station-skew and basin-characteristic
data collected for the 239 gaging stations. The 38 basin
characteristics listed in appendix A were investigated
for use in the regression analysis. A three-variable
regression equation was developed with an MSE of
0.199 and a coefficient of determination (R2) of 0.082.
A split-sampling analysis was performed to test the
accuracy of the regression. The data set of 239 gaging
stations was split into thirds, and two of the three
subsets of data were used to estimate skew-coefficient
values for the third subset. The accuracy of the
regression equation was verified by the fact that the
MSE from each split-sampled data set was lower than
the MSE for the nationwide skew map in Bulletin 17B.
The regression equation was: ,

GSkew = -0.157 - (0.00682) (CDA)* + (0.000637)

(SLOPEH)? + (0.0546) (PERML)?

where GSkew is the generalized-skew-coefficient
estimate, and CDA, SLOPEH, and PERML are as
described in appendix A.

For the third regional skew-analysis procedure,
an isoline map of generalized-skew-coefficient values
(fig. 2) was developed for Iowa with an MSE of 0.156.
Because the MSE value (0.156) for the Iowa skew map
was the lowest of the three regional skew-analysis

procedures and was lower than the MSE (0.272)
calculated from the nationwide skew map in Bulletin
17B, the Iowa skew map was used to revise generalized
skew coefficients for flood-frequency analyses for
gaging stations in the State. The remainder of the
information presented in this section describes the
generalized-skew-coefficient analysis performed to.
develop the Iowa skew map.

Station skew coefficients were plotted at the
centroids of basins and a uniform grid of estimated
skew coefficients was developed for the study area by
kriging the point data for the 239 gaging stations. ARC/
INFO (Environmental Systems Research Institute, Inc.,
1998) was used to determine the locations of the
centroids of the basins. The grid was contoured to
create the isoline map of generalized-skew-coefficient
values (fig. 2).

Kriging is a geostatistical method that
determines optimal weights for measurements at
sampled locations for the estimation of values at
unsampled locations. Prior to kriging, variogram
modeling is used to characterize the degree of spatial
correlation in the station skew data. The variogram
model defines the linear weighting function used to
krige the grid or lattice of skew estimates. An
informative discussion of variogram modeling and
kriging is presented in Bossong and others (1999).

Preliminary variogram modeling was performed
using VARIOWIN (Pannatier, 1996), a variogram
modeling software package. Station skew data were
checked for nonstationarity and anisotropy.
Nonstationarity indicates a trend or drift in the spatial
mean of the data that requires removal prior to
variogram modeling, and anisotropy indicates a
directional trend in the spatial correlation of the data
that requires directional variogram modeling. Station
skew data were determined to be stationary and
isotropic.

Figure 3 shows the variogram model that was
developed for the station skew data plotted with a lag
of 25,000 meters. The variogram shows a plot of
gamma or the squared differences per pair of station
skews as a function of lag or distance between gaging
stations. The correlation between station skews at two
gaging stations is assumed to depend on the distance
between the two gaging stations. This dependence can
be evaluated by squaring the difference between the
station skews at each pair of gaging stations and then
grouping the squared differences according to the
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distance between the paired locations. A model that is
represented by a mathematical expression is fit to the
variogram points to pass a smooth curve through the
scattered points. A number of different variogram
models were tested for best fit of the data and cross-
validation estimation accuracy. Various lag intervals,
sample sizes, and sample radii were also tested. The
variogram model shown in figure 3 was developed
using 230 of the 239 gaging stations. Nine outliers
were removed from the data set to improve the fit of the
variogram model to the data and to improve the
estimation accuracy of the model. An exponential
model was determined to provide the best fit and
estimation accuracy for the station skew data. The
exponential model parameters (Bossong and others,
1999) used to fit the variogram were nugget of 0.062,
C-constant of 0.108, sill of 0.170, range of 120,000
meters, search radius of 100,000 meters, search
maximum of 20 points, and search minimum of 6
points.

Final variogram modeling, cross-validation
checking, and kriging were performed using GEO-
EAS (Englund and Sparks, 1991). The parameters of
preliminary variogram models were calibrated using a
kriging cross-validation technique. In this technique,

the fitted variogram is used in a series of sequential
kriging analyses in which data points are individually
deleted and estimates are made for the deleted point
locations. After kriged values at all data point locations
have been estimated, the kriged values and standard
deviations of the data are used to obtain cross-
validation statistics. A successful calibration is based
on the criteria for these statistics. The cross validation
statistics for the exponential model shown in figure 3
were MSE of 0.360, mean difference between station
skews and estimated skews of 0.002, and reduced MSE
of 1.049. The reduced MSE is used to determine
whether the kriging variances produced by the model
are within an acceptable range compared to the actual
variances of the station skews.

Ordinary kriging was used to create a lattice of
estimated generalized skew coefficients for the study
area. All 239 station skew values were used in the
kriging analysis to create the lattice, even though a
reduced data set of 230 station skew values was used to
develop the variogram model. Figure 1 shows the
location of basin centroids for the 239 gaging stations
used to develop the generalized-skew-coefficient
isolines for Iowa. The lattice created from the kriging
process was contoured using ARC/INFO to create the
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Figure 3.--Variogram used to krige estimates of generalized skew coefficients for lowa.
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isoline map. Several different grid sizes were tested
during the kriging and contouring process to evaluate
the detail and generality of isoline delineations. A grid
spacing of 62,500 meters was determined to provide
the best balance between creating an isoline map with
the lowest MSE and isoline delineations considered to
provide the best level of detail and generality. To
improve the appearance of the final skew map (fig. 2),
ARC/INFO was used to filter the lattice and to spline
the isolines to smooth slightly the angularity of the
delineations. An MSE computed for the final isoline
map is 0.156, and the standard error of the generalized
skew estimates for the map is 0.395.

Figure 4 shows the standard deviations of kriged
estimates for the lattice that was contoured to create the
Iowa skew map (fig. 2). Standard deviations for kriged
skew estimates for Iowa range from 0.32 to 0.40. The
standard deviations indicate that estimation accuracy is
generally uniform throughout the State.

Figure 2 shows isolines of generalizecf—skew—
coefficient values developed for Minnesota (Lorenz,
1997) and Nebraska (Soenksen and others, 1999)
(some of which extend into South Dakota). Although
some edge-matching discrepancies are evident
between skew isolines delineated for each State,
general patterns and values for skew isolines were in
agreement. Some possible explanations for the edge-
matching discrepancies include (1) differences in the
contouring methods used to delineate the isolines; (2)
differences in the number and location of station skews
used in the skew analyses; (3) differences in periods of
record used for the skew analyses; and (4) differences
in computational procedures used for calculating
station skews in flood-frequency analyses used in the
skew analyses. ’

Figure 2 is applicable for determining
generalized-skew-coefficient values for stream sites in
Iowa by using visual approximation or GIS to
interpolate a skew value for the centroid of a basin from
the skew map. ARC/INFO was used to interpolate a
revised generalized-skew-coefficient value for all 197
Iowa gaging stations included in this study. Flood-
frequency discharges used in the regression analyses
for the gaging stations in Iowa were computed using
revised generalized-skew-coefficient values
interpolated from the skew map (fig. 2). Table 2 lists the
generalized skew coefficients used to compute flood-
frequency discharges for the 291 gaging stations
included in this study. In general, flood-frequency
discharges for gaging stations in Iowa increased as a

result of the revisions to the generalized skew
coefficients. Differences between 100-year recurrence-
interval discharges computed using revised and
superseded generalized-skew-coefficient values are
summarized below.

Revised Number

100-year of Towa

Percentage flood gaging

Statistic difference discharge stations
Maximum 33.6 Increased 165
Minimum -9.98 Decreased 29
Mean 6.70 No change 3
Median 5.23 Total 197

Flood-frequency curves computed for an
example gaging station using superseded and revised
generalized-skew-coefficient values are shown in
figure 5. For this example (fig. 5), use of the revised
generalized skew coefficient increased the 100-year
recurrence-interval discharge (1 percent annual
exceedance probability) by about 4 percent.

Regression Methods

Four regression methods were investigated for
estimating flood-frequency discharges for ungaged
stream sites in lowa. Regression analyses were used to
relate basin characteristics (explanatory variables) to
flood-frequency discharges (response variables) that
have recurrence intervals of 2, 5, 10, 25, 50, 100, 200,
and 500 years. The 38 basin characteristics listed in
appendix A were investigated for use in the regression
analyses. Data collected for the 291 gaging stations
were compiled into statewide, regional, drainage-area,
and region-of-influence data sets for regression
analyses. Root mean square errors (RMSE’s)
calculated for equations developed for each regression -
method were compared to evaluate the predictive
accuracy of the equations.

Statewide regression equations were developed
using all 291 gaging stations in the data set and using
only the 197 gaging stations in Iowa. Drainage-area
regression equations were developed for different
ranges of drainage areas. Equations developed for the
statewide and drainage-area regression methods are not
listed because RMSE’s are larger than those for the
regional or region-of-influence regression methods.
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Regional Analysis

Ordinary least-squares (OLS) multiple-
regression procedures were used to develop
preliminary flood-frequency estimation equations, or
models. Final equations were developed using
generalized least-squares (GLS) regression procedures.
OLS regression procedures were used to identify the
best combinations of basin characteristics to use as
explanatory variables in the development of regression
models and to define hydrologic regions.

Logarithmic transformations (base 10) were
performed for both the response and explanatory
variables used in all of the OLS and GLS regression
analyses. Data transformations were used to obtain a
more constant variance of the residuals about the -
regression line and to linearize the relation between the
response variable and the explanatory variables. The
response variable is assumed to be a linear function of
one or more of the explanatory variables.

Several basin characteristics were deleted from
the regression data set because of multicollinearity.
Multicollinearity is the condition wherein at least one
explanatory variable is closely related to (that is, not
independent of) one or more other explanatory
variables. Regression models that include variables
with multicollinearity may be unreliable because
coefficients in the models may be unstable. Correlation
coefficients and plots of the data were used as guides in
identifying the variables with multicollinearity. The
hydrologic validity of variables with multicollinearity
in the context of flood runoff was the principal criterion
used in determining which basin characteristics were
deleted from the data set.

OLS regression analyses were performed using
the Statit statistical procedures ALLREG and
REGRES (Statware, Inc., 1992). Initial selections of
significant explanatory variables for the OLS
regression models were performed by using the
ALLREG procedure. The ALLREG procedure uses an
all-possible subsets regression to identify the best
possible combinations of explanatory variables on the
basis of the Mallows’ C,, statistic (Mallows, 1973). The
REGRES procedure used standard linear-regression
algorithms to perform an OLS regression analysis on
each best possible combination of explanatory
variables. The final selection of explanatory variables
was based on the following criteria (Koltun and
Roberts, 1990):

(1) The selection of explanatory variables, and
the signs and magnitudes of their respective regression
coefficients, needs to be hydrologically valid in the

context of flood runoff. This criterion takes precedence
over all other criteria.

(2) All explanatory variables should be
statistically significant at the 95-percent confidence
level.

(3) The selection of explanatory variables,
within the constraints of criteria 1 and 2, should
minimize the prediction error sum of squares [the
PRESS statistic, an index of the prediction error
associated with the regression equation (Allen, 1971;
Montgomery and Peck, 1982)], maximize the
coefficient of determination (R2, a measure of the
proportion of the variation in the response variable
accounted for by the regression equation), and
minimize the standard error of estimate. Correlation
between explanatory variables and the variance
inflation factor (VIF) (Marquardt, 1970; Montgomery
and Peck, 1982) was used to assess multicollinearity in
the regression models. Multicollinearity problems
were identified with the REGRES procedure by
checking each explanatory variable for VIF greater
than 10.

Residual values (differences between flood-
frequency estimates (log-Pearson Type III) and
regression-equation estimates) from the statewide
regression analyses were plotted at gaging-station
locations to identify spatial trends in the predictive
accuracy of the regression equations. Differences in
plotted residual values for the gaging stations were
grouped to define general regions (hereafter referred to
as hydrologic regions) within the study area. Gaging
stations were grouped into regression subsets on the
basis of hydrologic regions, and OLS multiple-
regression analyses were performed for each region.
Root mean square errors (RMSE’s) computed for each
region were compared to RMSE’s for the statewide
regressions to evaluate improvements in predictive
accuracies. :

Hydrologic regions defined by Lara (1987),
landform regions defined by Prior (1991), regions
defined by major basin boundaries, and several other
combinations of geographic regions were evaluated in
this manner. GIS analyses were used to produce shaded
maps of land-surface slopes and soil-permeability rates
to aid in defining hydrologic regions for purposes of
this study. Six potential hydrologic regions were
identified for Iowa in this process.

The six hydrologic regions were tested for
significant differences by comparing the intercept for
each region’s regression model to that for the rest of the
study area by assigning a location variable for each
region. Each variable was set either at 1, if the gaging
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station was in a particular region, or 0, if not. A two-
variable OLS regression analysis that included
drainage area and the location variable was performed
statewide for 100-year recurrence-interval discharges
for each of the hydrologic regions. Statistical
significance for each region was determined using a 95-
percent confidence level. Statistical significance for the
location variable indicates a difference in the intercept
between gaging stations in that region and gaging
stations in the rest of the study area. On the basis of the
testing, four of the six hydrologic regions were not
statistically independent and they were combined to
form one region. Three hydrologic regions were thus
defined for Iowa; each region was determined to be
significantly different from the other two regions.

Several preliminary OLS regression models
were developed for each of the three hydrologic
regions. Gaging stations that poorly fit the linear
regressions were identified as regional outliers.
Outliers were inspected for data accuracy and for best
regional fit if they were located near a regional border.
Three gaging stations in Iowa were deleted from the
regression data set on the basis of channelization. Two
other gaging stations in Iowa with drainage areas less
than 1 mi? were also deleted from the data set. Because
the majority of gaging stations in the data set with
drainage areas less than 1 mi? were identified as
regional outliers, a 1-mi? lower limit was established
for the regional regression analysis.

Several gaging stations located in adjacent States
were identified as regional outliers. Several basin
characteristics identified as the most significant
explanatory variables in the preliminary OLS
regressions were compiled for each hydrologic region.
Ranges between minimum and maximum values for
these significant basin characteristics were compiled
for gaging stations in Iowa for each hydrologic region.
Values measured for these basin characteristics for
gaging stations in adjacent States were compared to the
ranges in values determined for the gaging stations in
Iowa for each region. Those gaging stations in adjacent
States with basin-characteristic values outside the
range of those measured for gaging stations in Iowa
were deleted from the regression data set. Of the 94
gaging stations located in adjacent States, 45 of them
were deleted because they had basin-characteristic
values outside the range of those measured for gaging

stations in Iowa. Several of these gaging stations were

regional outliers.

The deletion of 50 gaging stations from the
original data set of 291 left 241 gaging stations in the
regression data set--or 192 gaging stations in Iowa and
49 in adjacent States. Figure 6 shows the location of the

241 gaging stations used to develop regional flood-
frequency equations for Iowa. Predictive accuracies
were improved for each hydrologic region as a result of
deletion of several of the regional outliers.

Figure 7 shows the three hydrologic regions
delineated for Iowa for which flood-frequency
estimation equations were developed. These regions
were defined on the basis of residuals from the
regression analyses and on physiographic
characteristics of the State. Where possible, regional
boundaries were delineated along basin divides.

Region 1 is located in north-central Iowa (fig. 7)
and contains approximately 15 percent of the total land
area of the State. Figure 8 shows that Region 1 is
located entirely within the Des Moines Lobe landform
region, with the exception of the northeast boundary,
which extends east into the Iowan Surface landform
region. Region 1 comprises about 67 percent of the Des
Moines Lobe and about 6 percent of the Iowan Surface
landform regions. The Des Moines Lobe landform
region is characteristic of a young, postglacial
landscape that is unique with respect to the rest of the
State (Prior, 1991). The Des Moines Lobe generally
comprises low-relief terrain, accentuated by natural
lakes, potholes, and marshes, where surface-water
drainage typically is poorly defined and sluggish.
Figure 9 shows land-surface slopes based on
1:250,000-scale digital elevation model data. The
darker blue areas in figure 9 indicate areas of low
slopes, and Region 1 contains the most extensive areas
of low slopes in the State. The boundary defining
Region 1 was delineated on the basis of regression
residuals, areas of low slopes (fig. 9), and the limit of
the Altamont glacial advance (fig. 8) (Prior, 1991; Tim
Kemmis, Iowa Geological Survey Bureau, written
commun., March 2000).

Region 2 is located in eastern, western, and
central Iowa (fig. 7); it contains approximately 74
percent of the total land area of the State and it
comprises, either entirely or partially, all the State’s
landform regions (fig. 8). All of the Paleozoic Plateau,
Northwest Iowa Plains, Loess Hills, and Missouri
Alluvial Plain landform regions are within Region 2;
about 94 percent of the lowan Surface, about 90
percent of the Mississippi Alluvial Plain, about 78
percent of the Southern Iowa Drift Plain, and about 33
percent of the Des Moines Lobe landform regions are
within Region 2. Region 2 was defined as the area
remaining following the definition of Regions 1 and 3.
Four potential hydrologic regions initially identified
within Region 2 were not significantly different and
were combined to form one region.
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In general, the majority of Region 2 comprises a
mature, postglacial landscape that has eroded to form a
steeply to gently rolling topography and a well-
established drainage system. Region 2 represents a
large area with a large range in land-surface slopes (fig.
9) and soil-permeability rates (fig. 10); characteristics
of landform regions within Region 2 are described by
Prior (1991).

Region 3 is located in south-central and
southeastern Iowa (fig. 7) and contains approximately
11 percent of the total land area of the State. Figure 8
shows that Region 3 is located entirely within the
Southern Iowa Drift Plain landform region, with the
exception of the southeast boundary, which extends
east into the Mississippi Alluvial Plain landform
region. Region 3 comprises about 22 percent of the
Southern Iowa Drift Plain and about 10 percent of the
Mississippi Alluvial Plain landform regions. South-
central lowa can be topographically divided into flood
plains and terraces, uplands, and sideslopes; well-
developed flood plains and terraces occupy broad
stream valleys underlain by alluvial deposits (Iowa
Natural Resources Council, 1958; Cagle and Heinitz,
1978). The majority of the uplands are characterized as
relatively rugged, moderately to highly dissected areas
composed of hills, knobs, and ridges, but in some
places the uplands are gently rolling to slightly
dissected. Figure 10 shows soil-permeability rates
based on 1:250,000-scale STATSGO soils data
(Wolock, 1997). The darker blue area in figure 10
indicates an area of low soil-permeability rates, and
Region 3 contains the most extensive area of low
permeability rates in the State. The boundary defining
Region 3 was delineated on the basis of regression
residuals and areas of low soil-permeability rates (fig.
10).

Final regression equations were developed for
each region using the generalized least-squares (GLS)
program in GLSNET (Gary Tasker, U.S. Geological
Survey, written commun., 1995). GLS regression, as
described by Tasker and Stedinger (1989), is a method
that weights gaging stations in the regression according
to differences in peak-flow record reliability (record
lengths) and variability (record variance) and
according to cross correlations of concurrent peak
flows among gaging stations. In contrast, OLS
regression assumes equal variability and reliability in
peak-flow records at all gaging stations and no cross
correlation between peak flows collected at gaging
stations; therefore, an equal weight is assigned to all
gaging stations in the OLS regression. Compared to
OLS regression, GLS regression provides better

estimates of flood-frequency discharges and better
estimates of the predictive accuracy of the regression
equations (Stedinger and Tasker, 1985).

Final GLS regression models were selected on
the basis of minimizing the prediction error sum of
squares (PRESS) statistic and the standard error of
prediction (SEP). Statistical significance for each
explanatory variable was determined using a 95-
percent confidence level. Tables 3-5 list the flood-
frequency estimation equations that were developed for
the three hydrologic regions defined for Iowa. One-
variable equations that include drainage area (DA) as
the explanatory variable were developed for each of the
three regions. Figure 11 shows the relation between the
100-year recurrence-interval discharge and drainage
area for the three one-variable regional regression
equations. Figure 11D shows that for a specific size of
drainage area, a relatively small discharge will be
estimated for Region 1 and a relatively large discharge
will be estimated for Region 3.

Multi-variable equations that provide better
predictive accuracies were also developed for Regions
2 and 3 (tables 4 and 5). Three-variable equations were
developed for Region 2 that include DA, main-channel
slope (MCS), and the ratio of basin area within the Des
Moines Lobe landform region to total area of the basin
(DML); two-variable equations were developed for
Region 3 that include DA and MCS. Two sets of flood-
frequency estimation equations are presented for
Regions 2 and 3 because the one-variable equations are
considered easy for users to apply and the predictive
accuracies of the multi-variable equations are greater.

The multi-variable equations developed for
Regions 2 and 3 provide better predictive accuracies
than the one-variable equations because slope and
relief factors further define flood-frequency relations.
MCS is positively related to flood runoff (tables 4 and
5). Basins with larger MCS values will produce greater
flood-discharge estimates and basins with smaller
MCS values will produce lesser flood-discharge
estimates than estimates produced by one-variable
equations for a specific drainage area. The technique
for performing manual, topographic-map
measurements of MCS is described in appendix B (at
end of report). Figure 12 shows the Des Moines Lobe
landform region and the three hydrologic regions
defined for Towa. For Region 2, DML is negatively
related to flood runoff and basins with areas within the
Des Moines Lobe landform region will produce lesser
flood-discharge estimates than basins outside the Des
Moines Lobe.
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Table 3. Flood-frequency estimation equations for Region 1

[SEE, standard error of estimate; SEP, average standard error of prediction;
EYR, equivalent years of record; Q, peak discharge, in cubic feet per second
for recurrence interval, in years, indicated as subscript; DA, drainage area, in

square miles]

SEE
(percent)

SEP
(percent)

EYR

Estimation equation (years)

(One-variable equations; number of streamflow-gaging stations = 26)

Q,=338 DA-636 353 414 4.2
Qs=60.8 DA-658 32.0 39.4 5.8
Q1o = 80.1 DA S0 31.1 39.0 7.7
Qys5 =105 DA-663 313 39.2 10.1
Q50 =123 DA 666 32.0 39.8 115
Qoo = 141 DA -9 33.1 40.5 12.5
Qoo = 159 DA672 34.5 414 13.2
Qsgo = 183 DA676 36.5 42.7 13.7

Measurements of DML can be made for stream sites
located within Region 2 by delineating the basin
boundary for the stream site on figure 12 and
determining the ratio of basin area within the Des
Moines Lobe landform region (shaded area shown in

analyses were selected and compiled into a ROI data
set that included the same 241 gaging stations used for
the regional regression analyses (fig. 6). The ROI
method uses generalized least-squares (GLS)
regression to relate basin characteristics to flood-

fig. 12) to total area of the basin.

Region-of-Influence Analysis

The region-of-influence (ROI) method (Burn,
1990a, 1990b; Tasker and Slade, 1994) estimates flood-
frequency discharges at ungaged stream sites by
relating basin characteristics to flood-frequency
discharges for a unique subset of gaged sites. This
unique subset, or region of influence, defined for each
ungaged site is determined by selecting gaging stations
with basin characteristics that are similar to those
measured for the ungaged site. The region of influence
is defined as the N “nearest’” gaging stations to the
ungaged site, where “nearest” is measured by the
similarity of basin characteristics in Euclidean space.
An advantage of this method is that extrapolation errors
tend to be small because predictions naturally occur
near the center of the space of the basin characteristics.

To investigate the ROI method for this study,
basin characteristics identified as the most significant
in the statewide ordinary least-squares regression

frequency discharges for gaging stations. Preliminary
ROI analyses were performed to determine the best
combination of two input parameters required by the
ROI program: (1) a set of basin characteristics must be
selected for use as explanatory variables in the GLS
regression models developed for the study area and (2)
the number of gaging stations (N) must be selected to
compose the specific region of influence for the study
area.

Root mean square errors (RMSE’s) were
evaluated for the preliminary ROI analyses to
determine the best combination for the two required
input parameters. For this study, three basin
characteristics were identified as the most significant
for use as explanatory variables, and the best number of
gaging stations (N) to use for composing the region of
influence was determined to be 63. The three basin
characteristics selected for the final ROI analyses were
drainage area (DA), main-channel slope (MCS), and
drainage frequency (DF) (see appendix A for a
description of basin characteristics).
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Table 4. Flood-frequency estimation equations for Region 2

[SEE, standard error of estimate; SEP, average standard error of prediction; EYR, equivalent years of
record; Q, peak discharge, in cubic feet per second for recurrence interval, in years, indicated as
subscript; DA, drainage area, in square miles; MCS, main-channel slope, in feet per mile; DML, Des
Moines Lobe, ratio of basin area within Des Moines Lobe landform region to total area of basin]

SEE SEP EYR
Estimation equation (percent) (percent) (years)

(One-variable equations; number of streamflow-gaging stations = 188)

Q,=182 DA-40 43.0 44.6 3.6
Qg = 464 DA% 31.2 38.1 7.9
Qo = 728 DA463 26.9 354 13.5
Qus = 1,120 DA™ 252 34.4 20.5
Qs = 1,440 DA4? 25.6 34.8 24.0
Q100 = 1,800 DA41S 26.8 35.6 25.9
Qaoo = 2,200 DA03 28.6 36.7 26.5
Qs00 = 2,790 DA% 31.4 38.4 26.0
(Three-variable equations; number of streamflow-gaging stations = 188)
Q, = 522 DA MCS316 (DML+1)~73 373 41.7 4.6
Qs = 144 DA% MCS 3% (DML+1)6%3 254 34.5 11.3
Q10 = 225 DA% MCS3%6 (DML+1)~90! 21.6 320 19.9
Q,5 = 337 DA% MCS3% (DML+1)6 204 313 29.5
Qsp = 430 DA% MCS-3!! (DML+1)353 21.2 319 332
Q10 = 531 DA MCS3!13 (DML+1)34° 226 329 343
Q00 = 641 DA32 MCS~16 (DML+1)-4 24.6 34.4 33.7
Qs00 = 800 DA MCS320 (DML+1)~542 21.8 36.5 317
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Table 5. Flood-frequency estimation equations for Region 3

[SEE, standard error of estimate; SEP, average standard error of prediction; EYR, equivalent years of
record; Q, peak discharge, in cubic feet per second for recurrence interval, in years, indicated as
subscript; DA, drainage area, in square miles; MCS, main-channel slope, in feet per mile]

SEE SEP EYR
Estimation equation (percent) (percent) (years)

(One-variable equations; number of streamflow-gaging stations = 27)

Q, =286 DA® 36.6 419 3.6
Qs =737 DA"#66 30.1 38.2 6.9
Qo= 1,180 DA! 27.1 36.4 11.0
Qs = 1,900 DA-397 25.1 35.2 17.5
Qsg = 2,550 DA376 243 34.8 222
Qg0 = 3,300 DA 24.3 35.0 26.2
Quo0 = 4,160 DA 24.7 35.4 29.0
Qs00 = 5,490 DA321 26.1 36.5 31.0
(Two-variable equations; number of streamflow-gaging stations = 27)
Q, =7.75 DA MCS77 29.4 38.0 52
Qs=226 DA-895 Mmcs939 22.2 33.3 11.5
Q=400 DA 761 Mcs-910 19.6 31.6 18.9
Qys = 72.3 DA MCS#7° 18.0 30.8 29.2
Qso = 108 DA 683 M(Cs-843 17.8 30.9 352
Qigo = 158 DA-92 MmCs-809 18.6 31.6 38.5
Qa0 = 232 DA%21 Mcs-769 19.9 32.8 392
Qs00 = 382 DA-80 MCS 7% 224 34.8 37.4
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100-YEAR RECURRENCE-INTERVAL DISCHARGE, IN CUBIC FEET PER SECOND
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Comparison of Regression Method
Results

To estimate flood-frequency discharges for an
ungaged stream site in Iowa, the regional regression
equations require the measurement of one to three
variables, dependent upon which equation is applied.
The statewide region-of-influence (ROI) regression
method requires the measurement of three variables for
ungaged sites.

The root mean square error (RMSE), computed
for each hydrologic region and recurrence interval,
provides a means for comparing the predictive
accuracy of the regional and region-of-influence
regression methods (table 6). RMSE was computed as
the square root of the arithmetic mean of the square of
the differences between the flood-frequency estimate
(log-Pearson Type IH) and the flood-frequency
estimate computed using either the regional regression

equation or the region-of-influence regression method.

RMSE’s for the regional regression method are
lower than those for the ROI regression method for the
one-variable equations for Region 1, for the majority of
the multi-variable equations for Region 2, and for the
multi-variable equations for Region 3. RMSE’s are
lower for the ROI method than for the multi-variable
equations for Region 2 for the 2-, 5-, and 10-year
recurrence intervals. RMSE’s are also lower for the
ROI method than for the one-variable equations for
Region 2 and for the one-variable equations for Region
3 for the 2-, 5-, and 10-year recurrence intervals. As
discussed previously at the beginning of the
“Regression Methods” section, equations developed
for the statewide and drainage-area regression methods
are not listed for this study because RMSE’s were
larger than those for the regional or ROI regression
methods.

A comparison of the regional and ROI regression
methods, based on ease of application and RMSE’s,
determined the regional regression method to be the
better estimation method for Iowa. For this study, the
ROI regression method is not included as an alternative
flood-frequency estimation method for the following
reasons: (1) the one-variable regression equations for
Region 1 and the multi-variable regression equations
for Regions 2 and 3 provide better overall predictive
accuracies; (2) the ROI regression method requires the
measurement of three basin characteristics for ungaged
sites, whereas the regional regression equations require
fewer measurements of basin characteristics for
Regions 1 and 3, and the three basin-characteristic

measurements required for the multi-variable
equations for Region 2 are considered easier (in
general, measurements of DML are considered easier
than measurements of DF); and (3) application of the
regional regression equations do not require computer
processing (application of the ROI regression method
requires computer processing to run the ROI program).

ACCURACY AND LIMITATIONS OF
REGIONAL REGRESSION ESTIMATES

The regional regression equations developed in
this study apply only to stream sites in lowa where
flood discharge is not significantly affected by
regulation, diversion, channelization, or urbanization.
The applicability and accuracy of the regional
equations depend on whether the basin characteristics
measured for a stream site are within the range or
explanatory space of the characteristic values used to
develop the regression equations. The acceptable range
for drainage areas used to develop the one-variable
regional equations (tables 3-5) are tabulated as
maximum and minimum values in table 7.

The acceptable explanatory space for each pair
of basin characteristics used to develop the multi-
variable equations for Regions 2 and 3 (tables 4 and 5)

~ are shown as shaded areas in figures 13 and 14. Each

shaded area indicates an approximate explanatory
space defined by the relation between two basin
characteristics (explanatory variables). The multi-
variable regression equations are applicable for stream
sites with characteristics that are within these
approximate explanatory spaces. Map number 199 was
not included in the explanatory space for the bottom
graph in figure 13 because this site is an outlier that
plots substantially far away from the majority of the
other sites. The applicability of the regional equations
is unknown when the characteristic values associated
with a stream site are outside the acceptable ranges or
explanatory spaces. The predictive errors of the
equations increase with distance from the mean or
median values of the explanatory variables, and errors
are unknown and may be large beyond the approximate
explanatory spaces:

The standard error of estimate (SEE) and
average standard error of prediction (SEP) listed in
tables 3-5 are estimates of the expected accuracy of the
regression equations. They provide measures of the
difference between the flood-frequency estimate (log-
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Table 6. Root mean square error of flood-frequency discharge computed by the regional and region-of-
influence regression methods, presented by hydrologic region and recurrence interval

[NA, not applicable]

Root mean square error (percent)

Regional regression methods

Recurrence ) Region-of-influence
interval One-variable Multi-variable regression
Hydrologic region (years) regional regression regional regression method
1 2 37.2 NA 47.3
1 5 344 NA 44.3
1 10 34.1 NA 445
1 25 348 NA 46.1
1 50 35.8 NA 48.2
1 100 372 NA 46.8
1 200 38.8 NA 48.7
1 500 41.1 NA 55.6
1 (mean) 36.7 NA 47.7
2 50.0 442 433
2 40.2 343 334
2 10 37.3 31.3 30.8
2 25 36.0 30.1 30.8
2 50 36.9 313 32.8
2 100 39.0 339 35.0
2 200 42.1 375 38.2
2 500 473 433 439
2 (mean) 41.1 35.7 36.0
3 2 38.8 31.8 38.1
3 5 338 26.5 31.7
3 10 323 25.7 30.8
3 25 32.6 27.6 39.2
3 50 342 30.7 444
3 100 37.0 34.8 48.3
3 200 40.7 39.5 50.7
3 500 46.6 46.4 54.8
3 (mean) 37.0 329 422
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Table 7. Statistical summary of basin characteristics used to develop regional regression equations

[DA, drainage area; MCS, main-channel slope; DML, Des Moines Lobe, ratio of basin area within Des

Moines Lobe landform region to total area of basin; mi?, square miles; ft/mi, feet per mile; NA, not
applicable, basin characteristic not used to develop regional regression equations]

DA MCS DML
Statistic (mi?) (ft/mi) (ratio)
REGION 1
Maximum 5,452 NA NA
Minimum 7.94 NA NA
Mean 758 NA NA
Median 183 NA NA
Number of sites 26 NA - NA
REGION 2
Maximum 5,146 100 1.00
Minimum 1.30 1.81 0.00
Mean 459 12.9 0.13
Median 84.2 7.54 0.00
Number of sites 188 188 188
REGION 3
Maximum 708 - 26.9 NA
Minimum 4.69 342 NA
Mean 237 8.25 NA
Median 161 6.00 NA
27 27 NA

Number of sites
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Figure 13.--Relation between basin characteristics for Region 2.
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Pearson Type III) and the regression estimate for a
flood recurrence interval. The SEE is a measure of the
fit of the observed data to the regression model and of
the error inherent in the regression model (model error)
that cannot be changed by collecting more data (Gary
Tasker, U.S. Geological Survey, written commun.,
1995). SEE is comparable to the “standard error” or
“standard error of estimate” reported for regression
equations in previous studies for Iowa. SEE for the
one-variable equations ranges from about 24 to 43
percent and for the multi-variable equations from about
18 to 37 percent (tables 3-5).

The SEP is a measure of the accuracy with which
the regression model can predict flood-frequency
discharge at an ungaged site. The SEP accounts for
both model error and sampling error (error that results
from estimating model parameters from limited data)
in estimating the accuracy of the equations. Compared
to the SEE, the SEP provides a better overall measure
of the predictive ability of a model. SEP for the one-
variable equations ranges from about 34 to 45 percent
and for the multi-variable equations from about 31 to
42 percent (tables 3-5). The SEE and SEP listed in
tables 3-5 were converted to percentages from their

logarithms (base 10) using methods described by
Hardison (1971).

Another measure of the predictive ability of the
regional equations is equivalent years of record (EYR)
(tables 3-5). The EYR represents an estimate of the
number of years of actual peak-flow record required at
a stream site to achieve a flood-frequency estimate
(log-Pearson Type III) with an accuracy equivalent to a
regional regression estimate (Hardison, 1971).

TECHNIQUES FOR ESTIMATING FLOOD-
FREQUENCY DISCHARGES FOR
STREAMS IN IOWA

The following techniques for estimating flood-
frequency discharges are applicable for stream sites in
Iowa that are not significantly affected by regulation,
diversion, channelization, or urbanization. To
determine which technique is applicable for a specific
stream site, the user must first determine whether the
stream site is located at a site that has been gaged or is
located on a stream that has been gaged. Locations of
gaging stations are shown in figure 6, and the names of
gaging stations and gaged streams are listed in table 1.
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If the stream site is located on an ungaged stream, then
refer to the following section “Regional Regression
Estimates for Ungaged Sites on Ungaged Streams.” If
the stream site is located at a gaged site, then refer to
the section “Weighted Estimates for Gaged Sites.” If
the stream site is located on a gaged stream, then refer
to the section “Weighted Estimates for Ungaged Sites
on Gaged Streams.”

All estimation techniques for ungaged sites
require the measurement of drainage area (DA). DA
can be determined for many stream sites directly, or
interpolated indirectly from the report “Drainage
Areas of lowa Streams” (Larimer, 1957). Drainage
areas can also be determined by planimetering or
digitizing basin boundaries from topographic maps.

Regional Regression Estimates for
Ungaged Sites on Ungaged Streams

To estimate flood-frequency discharges for a
stream site using the regional regression equations
listed in tables 3-5 requires determining which of four
possible examples applies to the location of the stream
site and its basin. For the following examples, gaged
sites are used for convenience to illustrate the
techniques for estimating flood-frequency discharges
for ungaged sites. Figure 15 shows the locations of four
stream sites and their basins; the location of each basin
represents one of the four possible examples. To
determine which example is applicable for an ungaged
site, delineate the areal location of the basin for the
stream site on figure 7 or 12. Use figure 15 and the
following four examples to determine which example
applies to the stream site for which flood-frequency
estimates are to be made.

Examples are presented for both the one-variable
(Example A) and multi-variable (Example B) regional
regression equations. The one-variable equations for
all three hydrologic regions require the measurement of
drainage area (DA). The multi-variable equations for
Region 2 require the additional measurements of main-

_channel slope (MCS) and the ratio of basin area within
the Des Moines Lobe landform region to total area of
the basin (DML) and for Region 3, the additional
measurement of MCS. The technique for performing
manual, topographic-map measurements of MCS is
described in appendix B. Measurements of DML can
be made for stream sites located within Region 2 by
delineating the basin boundary for the stream site on
figure 12 and determining the ratio of basin area within

the Des Moines Lobe landform region (shaded area
shown in fig. 12) to total area of the basin.

Example 1: Estimates for Single-Region Basins
Not Overlying the Des Moines Lobe

Figure 15 shows the location of the stream site
and basin for map number 83 (Rapid Creek tributary
near Iowa City, gaging station number 05453950).
Example 1 is applicable for this basin because the basin
does not overlie a hydrologic region boundary (basin
located entirely within Region 2) or the Des Moines
Lobe landform region. For examples 1A and 1B,
determine the 100-year flood-discharge estimate for
this stream site.

Example 1A: One-Variable Equation

(1) Use figure 7 to determine which hydrologic
region the basin is located within and select the
appropriate one-variable regional equation from tables
3-5.

(2) Determine the drainage area (DA) for the
stream site and calculate the flood-frequency estimate
using the regional equation.

For the stream site with map number 83 (fig. 15),
the basin is located within Region 2. The 100-year
flood-estimation equation listed for Region 2 in table 4
is:

Q100 = 1,800 DA#13

DA for the basin was determined to be 3.43 mi?.
The flood-discharge estimate is calculated as:

Qig0 = 1,800 (3.43)4P
Q100 = 3,000 ft¥/s

Example 1B: Multi-Variable Equation

(1) Use figure 7 to determine which hydrologic
region the basin is located within and select the
appropriate multi-variable regional regression equation
from tables 3-5. If the basin is located within Region 1,
only the one-variable equations are applicable.

(2) Determine the drainage area (DA), the main-
channel slope (MCS), and the ratio of basin area within
the Des Moines Lobe landform region to total area of
the basin (DML) for the stream site. The technique for
performing manual, topographic-map measurements
of MCS is described in appendix B. Measurements of
DML can be made for stream sites located within
Region 2 by delineating the basin boundary for the
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stream site on figure 12 and determining the ratio of
basin area within the Des Moines Lobe landform
region (shaded area shown in fig. 12) to total area of the
basin.

For the stream site with map number 83 (fig. 15),
the basin is located within Region 2. The 100-year
flood-estimation equation listed for Region 2 in table 4
is:

Qy00 = 531 DA*2 MCS>13 (DML+1)%

DA for the basin was determined to be 3.43 mi?
and MCS for the basin was determined to be 30.0 ft/mi.
Because the basin is located completely outside the
Des Moines Lobe landform region, the value for DML
was determined to be 0.00. The flood-discharge
estimate is calculated as:

Q100 = 531 (3.43)342(30.0)313 (0.00 +1)~3%
Q100 = 3,000 ft¥/s

Example 2: Estimates for Mixed-Region Basins
Not Overlying the Des Moines Lobe

Estimates for stream sites with basins overlying
more than one hydrologic region can be improved by
calculating a mixed-region flood-frequency estimate.
The procedure for calculating a mixed-region estimate
from two regional estimates is:

Qx(mr) = (DARegion x| DAToal) (Qt(Region x)) +
(DAchion y / DArota1) (Qt(Region y))v (1

Qy(mr) = the mixed-region discharge
estimate for recurrence
interval t;
DARegion x» DARegion y = the area of the basin within
egion X or y, respectively;
DA, = the total area of the basin; and
Qu(Region x)» Qu(Region y) = the regression estimate for
recurrence interval t,
computed using Region x
or y regional equations,
respectively.

where

Figure 15 shows the location of the stream site
and basin for map number 279 (Thompson River at
Davis City, gaging station number 06898000).
Example 2 is applicable for this basin because the basin
overlies a hydrologic region boundary (boundary
between Regions 2 and 3) and does not overlie the Des
Moines Lobe landform region. For examples 2A and
2B, determine the mixed-region, 50-year flood-
discharge estimate for this stream site using equation 1.

Example 2A: One-Variable Equation

(1) Use figure 7 to determine which hydrologic
regions the basin is located within and select the
appropriate one-variable equation for each region from
tables 3-5.

(2) Determine the drainage area (DA) for the
entire basin and drainage area of the basin in each
hydrologic region. Calculate the flood-frequency
estimate using each regional equation and calculate a
mixed-region estimate from the regional estimates
using equation 1.

For the stream site with map number 279 (fig.
15), the basin is located within Regions 2 and 3. The
50-year flood-estimation equations listed for Regions 2
and 3 in tables 4 and 5 are:

Qso = 1,440 DA*?7 (Region 2)
Qs = 2,550 DA376 (Region 3)

DA for the basin was determined to be 701 mi2.
By overlaying the basin boundary on figure 7, it was
determined that approximately 215 mi? of the drainage
area is located within Region 2 and 486 mi? is located
within Region 3. The flood-discharge estimate for each
hydrologic region is calculated as:

Qsp = 1,440 (701)*27 (Region 2)
Qsp = 23,600 ft}/s (Region 2)
Qso = 2,550 (701)376 (Region 3)
Qsp = 30,000 ft3/s (Region 3)

The mixed-region estimate calculated from the
two regional estimates using equation 1 is:

Qso(mn) = (215 /701) (23,600) + (486 / 701) (30,000)
Qs0(me) = 28,000 £t/

Example 2B: Multi-Variable Equation

(1) Use figure 7 to determine which hydrologic
regions the basin is located within and select the
appropriate multi-variable regression equation for each
region from tables 3-5. If a portion of the basin is
located within Region 1, then only the one-variable
equations are applicable for the portion in Region 1.

(2) Determine the drainage area (DA), the main-
channel slope (MCS), and the ratio of basin area within
the Des Moines Lobe landform region to total area of
the basin (DML) for the entire basin. Determine the
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drainage area of the basin within each hydrologic
region. The technique for performing manual,
topographic-map measurements of MCS is described
in appendix B. Measurements of DML can be made for
stream sites located within Region 2 by delineating the
basin boundary for the stream site on figure 12 and
determining the ratio of basin area within the Des
Moines Lobe landform region (shaded area shown in
fig. 12) to total area of the basin. Calculate the flood-
frequency estimate using each regional equation and
calculate a mixed-region estimate from the regional
estimates using equation 1.

For the stream site with map number 279 (fig.
15), the basin is located within Regions 2 and 3. The
50-year flood-estimation equations listed for Regions 2
and 3 in tables 4 and 5 are:

Qs =430 DA MCS!'! (DML+1)%% (Region 2)
Qs = 108 DAS® MCS#45 (Region 3)

DA for the basin was determined to be 701 mi?.
By overlaying the basin boundary on figure 7, it was
determined that approximately 215 mi? of the drainage
area is located within Region 2 and 486 mi? is located
within Region 3. MCS for the entire basin was
determined to be 3.51 ft/mi. Because the basin is
located completely outside the Des Moines Lobe
landform region, the value for DML is 0.00. The flood-
discharge estimate for each hydrologic region is
calculated as:

Qso = 430 (701)°%% (3.51)311 (0.00+1)"%° (Region 2)
Qsp = 24,000 ft3/s (Region 2)

Qs = 108 (701)%% (3.51)345 (Region 3)

Qs = 27,400 ft’/s (Region 3)

The mixed-region estimate calculated from the
two regional estimates using equation 1 is:

Qsoqmr) = (215 /701) (24,000) + (486 / 701) (27,400)
Qso(mr) = 26,400 ft¥/s

Example 3: Estimates for Region 2 Basins
Overlying the Des Moines Lobe

Figure 15 shows the location of the stream site
and basin for map number 164 (Middle Raccoon River
near Bayard, gaging station number 05483450).
Example 3 is applicable only for basins located entirely
within Region 2 that also overlie the Des Moines Lobe
landform region. Example 1 is applicable for basins

located entirely within Region 1 that also overlie the
Des Moines Lobe landform region. For examples 3A
and 3B, determine the 500-year flood-discharge
estimate for this stream site.

Example 3A: One-Variable Equation

(1) Use figure 7 to verify that the basin is located
entirely within Region 2. The application of the one-
variable equation for example 3A is the same as the
one-variable equation for example 1 A. Select the
appropriate one-variable equation from table 4.

(2) Determine the drainage area (DA) for the
stream site and calculate the flood-frequency estimate
using the regional equation.

For the stream site with map number 164 (fig.
15), the basin is located entirely within Region 2. The
500-year flood-estimation equation listed for Region 2
in table 4 is:

Qsg0 = 2,790 DA%

DA for the basin was determined to be 375 miZ.
The flood-discharge estimate is calculated as:

Qs0o = 2,790 (375)3%
Qsg0 = 28,000 ft3/s

Example 3B: Multi-Variable Equation

(1) Use figure 7 to verify that the basin is located
entirely within Region 2 and use figure 12 to verify that
the basin overlies the Des Moines Lobe landform
region. Select the appropriate multi-variable equation
from table 4.

(2) Determine the drainage area (DA), the main-
channel slope (MCS), and the ratio of basin area within
the Des Moines Lobe landform region to total area of
the basin (DML) for the entire basin. The technique for
performing manual, topographic-map measurements
of MCS is described in appendix B. Measurements of
DML can be made for stream sites located within
Region 2 by delineating the basin boundary for the
stream site on figure 12 and determining the ratio of
basin area within the Des Moines Lobe landform
region (shaded area shown in fig. 12) to total area of the
basin.

For the stream site with map number 164 (fig.
15), the basin is located entirely within Region 2 and
overlies the Des Moines Lobe landform region. The
500-year flood-estimation equation listed for Region 2
in table 4 is:

Qsgo = 800 DA MCS320 (DML+1)7%
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DA for the basin was determined to be 375 mi2.
MCS for the basin was determined to be 4.25 ft/mi. By
overlaying the basin boundary on figure 12, it was
determined that approximately 232 miZ of the drainage
area is located within the Des Moines Lobe landform
region. DML was calculated to be 0.62 (232 mi%/375
mi?). The flood-discharge estimate is calculated as:

Qs00 = 800 (375)>1% (4.25)3%0 (0.62 +1)>4?
Qsg0 = 21,200 ft%/s

Example 4: Estimates for Mixed-Region Basins
Overlying the Des Moines L.obe

Figure 15 shows the location of the stream site
and basin for map number 126 (South Skunk River at
Colfax, gaging station number 05471050). Example 4
is applicable for this basin because the basin overlies a
hydrologic region boundary (boundary between
Regions 1 and 2) and overlies the Des Moines Lobe
landform region. For examples 4A and 4B, determine
the mixed-region, 100-year flood-discharge estimate
for this stream site using equation 1.

Example 4A: One-Variable Equation

(1) Use figure 7 to determine which hydrologic
regions the basin is located within and select the
appropriate one-variable equation for each region from
tables 3-5.

(2) Determine the drainage area (DA) for the
entire basin and drainage area of the basin in each
hydrologic region. Calculate the flood-frequency
estimate using each regional equation and calculate a
mixed-region estimate from the regional estimates
using equation 1. The application of the one-variable
equation for example 4A is the same as the one-
variable equation for example 2A.

For the stream site with map number 126 (fig.
15), the basin is located within Regions 1 and 2. The
100-year flood-estimation equations listed for Regions
1 and 2 in tables 3 and 4 are:

Qigo = 141 DAY (Region 1)
Q00 = 1,800 DA*!3 (Region 2)

DA for the basin was determined to be 803 mi’.
By overlaying the basin boundary on figure 7, it was
determined that approximately 371 mi? of the drainage
area'is located within Region 1 and 432 mi? is located

within Region 2. The flood-discharge estimate for each
hydrologic region is calculated as:

Qio0 = 141 (803)°% (Region 1)
Quo0 = 12,400 ft’/s (Region 1)
Qio = 1,800 (803)*! (Region 2)
Q100 = 28,900 ft*/s (Region 2)

The mixed-region estimate calculated from the
two regional estimates using equation 1 is:

Qiooqmr) = (371 /803) (12,400) + (432 / 803) (28,900)
Q100(mr) = 21,300 ft¥/s

Example 4B: Multi-Variable Equation

(1) Use figure 7 to determine which hydrologic
regions the basin is located within and select the
appropriate multi-variable regression equation for each
region from tables 3-5. If a portion of the basin is
located within Region 1, then only the one-variable
equations are applicable for the portion in Region 1.

(2) Determine the drainage area (DA), the main-
channel slope (MCS), and the ratio of basin area within
the Des Moines Lobe landform region to total area of
the basin (DML) for the entire basin. Determine the
drainage area of the basin within each hydrologic
region. The technique for performing manual,
topographic-map measurements of MCS is described
in appendix B. Measurements of DML can be made for
stream sites located within Region 2 by delineating the
basin boundary for the stream site on figure 12 and
determining the ratio of basin area within the Des
Moines Lobe landform region (shaded area shown in
fig. 12) to total area of the basin. Calculate the flood-
frequency estimate using each regional equation and
calculate a mixed-region estimate from the regional
estimates using equation 1.

For the stream site with map number 126 (fig.
15), the basin is located within Regions 1 and 2. The
100-year flood-estimation equations listed for Regions
1 and 2 in tables 3 and 4 are:

Qoo =141 DA%% (Region 1; only one-variable
equation is applicable)

Q100 = 531 DAS*2 MCS>13 (DML+1)>* (Region 2)

DA for the basin was determined to be 803 mi’.
By overlaying the basin boundary on figure 7, it was
determined that approximately 371 mi? of the drainage
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area is located within Region 1 and 432 mi? is located
within Region 2. MCS for the entire basin was
determined to be 4.64 ft/mi. By overlaying the basin
boundary on figure 12, it was determined that
approximately 771 mi? of the drainage area is located
within the Des Moines Lobe landform region. DML
was calculated to be 0.96 (771 mi%/803 mi2). The flood-
discharge estimate for each hydrologic region is
calculated as:

Qoo =141 (803)967 (Region 1; only one-variable equation
is applicable)

Q100 = 12,400 /s (Region 1)
Qi00 = 531 (803)4 (4.64)313 (0.96+1)"5*° (Region 2)
Q100 = 22,300 ft*/s (Region 2)

The mixed-region estimate calculated from the
two regional estimates using equation 1 is:

Q100(mr) = (371 /803) (12,400) + (432 / 803) (22,300)
Q100(ur) = 17,700 ft¥/s

Weighted Estimates for Gaged Sites

Estimates at gaged sites can be improved by
weighting the flood-frequency estimates (log-Pearson
Type III) with regional regression estimates. At a gaged
site, the best estimate of flood-frequency discharge can
be calculated using the following weighting procedure:

Quwg) = [(Qupgy) ERL) + (Qug) (EYR)]/ (ERL + EYR), (2)

where Q) = the weighted discharge estimate for a
gaged site for recurrence interval t;
Qupg) = the flood-discharge estimate (log-
Pearson Type III) for a gaged site
for recurrence interval t (listed in
table 2 on the first line of the flood-
frequency discharges);
ERL =the effective record length for a gaged
site, in years (listed in table 1);
Qyrgy = the regional-regression discharge
estimate for a gaged site for
recurrence interval t (listed in the
flood-frequency discharges in table
2 on the second line for one-
variable equations or on the third
line for multi-variable equations for
Regions 2 and 3); and

EYR =the equivalent years of record for the
regional regression equation used to
determine Q) (tables 3-5).

Figure 15 shows the location of the stream site
and basin for map number 126 (South Skunk River at
Colfax, gaging station number 05471050). For
examples A and B, determine the weighted, 100-year
flood-discharge estimate for this gaged site using
equation 2.

Example A: One-Variable Equation

(1) Use the flood-frequency discharges listed in
table 2 to obtain Q,0y and Q) for the gaged site; the
flood-frequency estimate (log-Pearson Type III)
(Qt(pg)) is listed on the first line, and the one-variable
regional regression estimate (Qy ) is listed on the
second line.

(2) Use table 1 to obtain the hydrologic region
and the effective record length (ERL) for the gaged site
and use tables 3-5 to obtain the equivalent years of
record (EYR) for the regional regression equation used
to determine Q. Calculate a weighted flood-
frequency estimate for the gaged site using equation 2.

For the gaged site with map number 126 (fig.
15), table 2 lists a flood-frequency estimate (log-
Pearson Type III) (Q;qg(pg)) of 18,100 ft*/s and a one-
variable regional regression estimate (Qgq(rg)) Of
28,900 ft*/s. Table 1 indicates that the gaged site is
located in Region 2 and has an effective record length
(ERL) of 12 years. Table 4 lists an EYR of 25.9 years
for the one-variable, 100-year recurrence-interval
regression equation for Region 2. The weighted, one-
variable, 100-year flood-discharge estimate for the
gaged site is calculated using equation 2 as:

Q100(wg) = [(18,100) (12) + (28,900) (25.9)] / (12 + 25.9)
Quwg) = 25,500 ft*/s

Example B: Multi-Variable Equation

(1) Use the flood-frequency discharges listed in
table 2 to obtain Qg and Qy,y for the gaged site; the
flood-frequency estimate (log-Pearson Type III)
(Qt(pg)) is listed on the first line, and the multi-variable
regional regression estimate (Qq(rg)) 1s listed on the
third line for Regions 2 and 3. If the gaged site is
located within Region 1, then only the one-variable
equations are applicable.
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(2) Use table 1 to obtain the hydrologic region
and the effective record length (ERL) for the gaged site
and use tables 3-5 to obtain the equivalent years of
record (EYR) for the regional regression equation used
to determine Q). Calculate a weighted flood-
frequency estimate for the gaged site using equation 2.

For the gaged site with map number 126 (fig.
15), table 2 lists a flood-frequency estimate (log-
Pearson Type IT1) (Q;o(pg)) of 18,100 ft*/s and a multi-
variable regional regression estimate (Q;og(rg)) of
22,300 ft/s. Table 1 indicates that the gaged site is
located in Region 2 and has an ERL of 12 years. Table
4 lists an EYR of 34.3 years for the multi-variable, 100-
year recurrence-interval regression equation for
Region 2. The weighted, multi-variable, 100-year
flood-discharge estimate for the gaged site is calculated
using equation 2 as:

Q100(wg) = [(18,100) (12) +(22,300) (34.3)] / (12 + 34.3)
Q100(wg) = 21,200 ft'/s

Weighted Estimates for Ungaged Sites on
Gaged Streams

Flood-frequency estimates at ungaged sites
located on gaged streams can be determined by
weighting flood-frequency estimates from a nearby
gaged site. Two techniques for weighting flood-
frequency estimates from a gaged site are applicable.
Both techniques require the measurement of drainage
area (DA) for the ungaged site and a weighted flood-
frequency estimate (Q(g)) from a nearby gaged site
(see eq. 2 in previous section “Weighted Estimates for
Gaged Sites™). The first weighting technique, presented
in the following section “Regression-Weighted
Estimates for Ungaged Sites on Gaged Streams,”
requires a regional regression estimate for the ungaged
site. The second weighting technique, presented in the
following section “Area-Weighted Estimates for
Ungaged Sites on Gaged Streams,” does not require a
regional regression estimate for the ungaged site.
Flood-discharge estimates calculated from the
regression-weighted technique are considered to
provide better predictive accuracies for ungaged sites
than estimates calculated from the area-weighted
technique. To determine if either of these estimation
techniques is applicable for an ungaged site, calculate
the following drainage area ratio:

DAR = DA, - DA,|/ DA,, @A)

where DAR is the drainage area ratio, defined as
the absolute value of the difference between the
drainage area of the gaged site (DA,) and the drainage
area of the ungaged site (DA ) dividged by the drainage
area of the gaged site (DAg).

Figure 15 shows the location of the stream site
and basin for map number 126 (South Skunk River at
Colfax, gaging station number 05471050). For the
following examples this stream site is assumed to be an
“ungaged site.”

(1) Determine if the ungaged site is located on a
gaged stream. Locations of gaging stations are shown
in figure 6, and the names of gaging stations and gaged
streams are listed in table 1.

(2) Determine the drainage area ratio (DAR) for
the gaged and ungaged sites using equation 3. If the
DAR is calculated to be greater than 0.5, this estimation
technique is not applicable for the ungaged site and the
technique described in the section “Regional
Regression Estimates for Ungaged Sites on Ungaged
Streams” is applicable. If the DAR is less than or equal
to 0.5, either the regression-weighted or area-weighted
techniques are applicable for the ungaged site.

An inspection of figure 6 and table 1 indicates
that the “ungaged site” (map number 126) is located on
a gaged stream with gaging stations located both
upstream and downstream from the “ungaged site.”
The South Skunk River below Squaw Creek near Ames
gaging station (station number 05471000, map number
125), with a drainage area of 556 mi?, is located
upstream from the “ungaged site;” the South Skunk
River near Oskaloosa gaging station (station number
05471500, map number 128), with a drainage area of
1,635 mi2, is located downstream from the “ungaged
site.” The drainage area for the “ungaged site” (map
number 126) was determined to be 803 miZ. Drainage
area ratios (DAR’s) for gaged sites and the “ungaged
site” were calculated using equation 3 as:

DAR =556 - 803| / 556 = 0.444 (upstream gaged site, map
number 125)

DAR =|1,635 - 803|/ 1,635 = 0.509 (downstream gaged site,
map number 128)

On the basis of the DAR calculations, the
downstream gaged site (map number 128) is not
applicable for weighting the “ungaged site” because
the DAR is greater than 0.5; the upstream gaged site
(map number 125) can be used to weight the “ungaged
site” because the DAR is less than or equal to 0.5.
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Regression-Weighted Estimates for Ungaged Sites
on Gaged Streams

This weighting technique requires a regional
regression estimate for the ungaged site. The
calculation for the regression-weighted technique is:

Qigrw) = Qiruy [AF - (2 DAR) (AF - 1], 4)

where Qyryy = the regression-weighted discharge
estimate for an ungaged site on a
gaged stream for recurrence
interval t;

Qyruy = the regional regression discharge
estimate for an ungaged site for
recurrence interval t, determined
using the technique described in the
section “Regional Regression
Estimates for Ungaged Sites on
Ungaged Streams;” and

AF = the adjustment factor for the gaged
site and is calculated as

AF = Quwg)/ Qurey )
where Qyyg) and Q. are as defined for equation 2.

Figure 15 shows the location of the stream site
and basin for map number 126 (South Skunk River at
Colfax, gaging station number 05471050). For the
following examples this stream site is assumed to be an
“ungaged site.” Determine the regression-weighted,
100-year flood-discharge estimate for the “ungaged
site” using equation 4. Examples are presented for both
the one-variable (Example A) and multi-variable
(Example B) regional regression equations.

Example A: One-Variable Equation

(1) Determine if the ungaged site is located on a
gaged stream. Use figure 7 to determine which
hydrologic region the ungaged site is located within.

(2) Determine the drainage area ratio (DAR) for
the gaged and ungaged sites using equation 3. If the
DAR is greater than 0.5, this estimation technique is
not applicable (use technique described in the section
“Regional Regression Estimates for Ungaged Sites on
Ungaged Streams”).

(3) Determine which of the four possible
examples described in the section “Regional 4
Regression Estimates for Ungaged Sites on Ungaged
Streams” applies to the location of the ungaged site and
its basin. Use the estimation technique described for

the applicable example to calculate the one-variable
regional regression estimate for the ungaged site
(Qy(ruy)-

(4) Use equation 2 and the one-variable
estimation technique described in the section
“Weighted Estimates for Gaged Sites” to calculate the
weighted estimate for the gaged site (Qyyg)). Use table
2 to obtain the one-variable regional regression
estimate for the gaged site (Qyy)). Use equation 5 to
calculate the adjustment factor (AF) and equation 4 to
calculate a regression-weighted flood-discharge
estimate for the ungaged site (Qyry))-

The discussion at the beginning of this section
determined that (1) the “ungaged site” (map number
126) is on a gaged stream and (2) a nearby gaged site
(map number 125) could be used to weight flood-
discharge estimates at the “ungaged site” (DAR of
0.444, eq. 3). To calculate the regional regression
estimate (Qjgo(ry)) for the “ungaged site” (map number
126), example 4 is applicable because the basin
overlies a hydrologic region boundary (boundary
between Regions 1 and 2) and overlies the Des Moines
Lobe landform region (fig. 15). The one-variable
regional regression estimate for the “ungaged site”
(Q100(¢ru)) Was calculated to be 21,300 ft¥/s (Example
4A).

For the gaged site (map number 125), table 2
lists a one-variable re§ional regression estimate
(Q100(rg)) of 24,700 ft”/s. Using equation 2 and the one-
variable estimation technique described in the section
“Weighted Estimates for Gaged Sites,” the weighted
flood-discharge estimate for the gaged site (Q|go(wg))
(map number 125) is calculated as:

Qiooawg = [(17,500) (43) + (24,700) (25.9)] / (43 +25.9)
Q100(wg) = 20,200 ft*/s

Using equation 5, the adjustment factor (AF) is
calculated to be 0.818 (20,200 ft¥/s / 24,700 ft¥/s). A
regression-weighted flood-discharge estimate is
calculated for the “ungaged site” using equation 4 as:

Q1o0(w) = 21,300 [0.818 - (2) (0.444) (0.818 - 1)]
Q100w) = 20,900 ft*/s
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Example B: Multi-Variable Equation

(1) Determine if the ungaged site is located on a
gaged stream. Use figure 7 to determine which
hydrologic region the ungaged site is located within.

(2) Determine the drainage area ratio (DAR) for
the gaged and ungaged sites using equation 3. If the
DAR is greater than 0.5, this estimation technique is
not applicable (use technique described in the section
“Regional Regression Estimates for Ungaged Sites on
Ungaged Streams”).

(3) Determine which of the four possible
examples described in the section “Regional
Regression Estimates for Ungaged Sites on Ungaged
Streams” applies to the location of the ungaged site and
its basin. Use the estimation technique described for
the applicable example to calculate the multi-variable
regional regression estimate for the ungaged site
(Qt(ru))'

(4) Use equation 2 and the multi-variable
estimation technique described in the section
“Weighted Estimates for Gaged Sites” to calculate the
weighted estimate for the gaged site (Qy(,g))- Use table
2 to obtain the multi-variable regional regression
estimate for the gaged site (Qy()). Use equation 5 to
calculate the adjustment factor (AF) and equation 4 to
calculate a regression-weighted flood-discharge
estimate for the ungaged site (Qt(rw)).

The discussion at the beginning of this section
determined that (1) the “ungaged site” (map number
126) is on a gaged stream and (2) a nearby gaged site
(map number 125) could be used to weight flood-
discharge estimates at the “ungaged site” (DAR of
0.444, eq. 3). To calculate the regional regression
estimate (Qop(r)) for the “ungaged site” (map number
126), example 4 is applicable because the basin
overlies a hydrologic region boundary (boundary
between Regions 1 and 2) and overlies the Des Moines
Lobe landform region (fig. 15). The multi-variable
regional regression estimate for the “ungaged site”
(Qj00(ruy) Was calculated to be 17,700 ft°/s (Example
4B).

For the gaged site (map number 125), table 2
lists a multi-variable regional regression estimate
(Qi00(gy Of 20,200 ft*/s. Using equation 2 and the
multi-variable estimation technique described in the
section “Weighted Estimates for ~ .gaged Sites,” the
weighted flood-discharge estimate for the gaged site
(QIOO(wg)) (map number 125) is calculated as:

Qj00(wg) = [(17,500) (43) + (20,200) (34.3)] / (43 + 34.3)
Q100(wg) = 18,700 ft¥/s

Using equation 5, the adjustment factor (AF) is
calculated to be 0.926 (18,700 ft*/s / 20,200 ft/s). A
regression-weighted flood-discharge estimate is
calculated for the “ungaged site” using equation 4 as:

Qi00(rwy = 17,700 [0.926 - (2) (0.444) (0.926 - 1)]
Q100(w) = 17,600 ft’/s

Area-Weighted Estimates for Ungaged Sites on
Gaged Streams

This weighting technique does not require a
regional regression estimate for the ungaged site. The
calculation for the area-weighted technique is:

Qt(aw) = Qt(wg) (DAu / DAg)xy (6)

where Qy(;y) = the area-weighted discharge estimate
for an ungaged site on a gaged
stream for recurrence interval t;
Quwg) =as defined for equation 2; '
DA, DAg = as defined for equation 3; and
x = the mean exponent for a hydrologic
region; for Region 1, the mean
exponent is 0.665; Region 2, 0.446;
and Region 3, 0.403.

The mean exponent (x) is selected for the region
the ungaged site is located within. The mean exponent
is the average of the drainage-area (DA) exponents
listed for the one-variable regional equations (tables 3-
5).

Figure 15 shows the location of the stream site
and basin for map number 126 (South Skunk River at
Colfax, gaging station number 05471050). For the
following examples this stream site is assumed to be an
“ungaged site.” Determine the area-weighted, 100-year
flood-discharge estimate for the “ungaged site” using
equation 6. Examples are presented for both the one-
variable (Example A) and multi-variable (Example B)
weighted flood estimates for the gaged site (Qyg))-

Example A: One-Variable Equation

(1) Determine if the ungaged site is located on a
gaged stream. Use figure 7 to determine which
hydrologic region the ungaged site is located within.

(2) Determine the drainage area ratio (DAR) for
the gaged and ungaged sites using equation 3. If the
DAR is greater than 0.5, this estimation technique is
not applicable (use technique described in the section
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-

“Regional Regression Estimates for Ungaged Sites on
Ungaged Streams”).

(3) Select the mean exponent (x) value listed for
equation 6 for the hydrologic region the ungaged site is
located within. Use equation 6 to calculate an area-
weighted flood-discharge estimate for the ungaged site
(Qt(aw))'

The discussion at the beginning of this section
determined that (1) the “ungaged site” (map number
126) is on a gaged stream and (2) a nearby gaged site
(map number 125) could be used to weight flood-
discharge estimates at the “ungaged site” (DAR of
0.444, eq. 3). The drainage area for the “ungaged site”
(map number 126) was determined to be 803 miZ and
the drainage area for the gaged site (map number 125)
was determined to be 556 miZ.

Using equation 2 and the one-variable estimation
technique described in the section “Weighted
Estimates for Gaged Sites,” the weighted flood-
discharge estimate for the gaged site (Q)go(wg)) (map
number 125) is calculated as:

Qioowwg) = [(17,500) (43) + (24,700) (25.9)] / (43 +25.9)
Q100(wg) = 20,200 ft*/s

The “ungaged site” is located in Region 2. The
mean exponent (x) listed for Region 2 is 0.446 (eq. 6).
An area-weighted flood-discharge estimate is
calculated for the “ungaged site” using equation 6 as:
Q100(aw) = (20,200) (803 / 5560446

Q100(aw) = 23,800 ft*/s

Example B: Multi-Variable Equation

(1) Determine if the ungaged site is located on a
gaged stream. Use figure 7 to determine which
hydrologic region the ungaged site is located within,

(2) Determine the drainage area ratio (DAR) for
the gaged and ungaged sites using equation 3. If the
DAR is greater than 0.5, this estimation technique is
not applicable (use technique described in the section
“Regional Regression Estimates for Ungaged Sites on
Ungaged Streams”).

(3) Select the mean exponent (x) value listed for
equation 6 for the hydrologic region the ungaged site is
located within. Use equation 6 to calculate an area-
weighted flood-discharge estimate for the ungaged site
(Quawy)-

The discussion at the beginning of this section
determined that (1) the “ungaged site” (map number
126) is on a gaged stream and (2) a nearby gaged site

(map number 125) could be used to weight flood-
discharge estimates at the “ungaged site” (DAR of
0.444, eq. 3). The drainage area for the “ungaged site”
(map number 126) was determined to be 803 mi? and
the drainage area for the gaged site (map number 125)
was determined to be 556 miZ.

Using equation 2 and the multi-variable
estimation technique described in the section
“Weighted Estimates for Gaged Sites,” the weighted
flood-discharge estimate for the gaged site (Q100(wg)
(map number 125) is calculated as:

QlOO(wg) =[(17,500) (43) + (20,200) (34.3)]/ (43 + 34.3)
QlOO(wg) = 18,700 ft3/S

The “ungaged site” is located in Region 2. The
mean exponent (x) listed for Region 2 is 0.446 (eq. 6).
An area-weighted flood-discharge estimate is
calculated for the “ungaged site” using equation 6 as:

Q100(aw) = (18,700) (803 / 556)0-446
Q100(aw) = 22,000 ft¥/s

MAXIMUM FLOODS IN IOWA

For certain high-risk flood-plain developments
or for evaluation of the reasonableness of unusually
large flood-discharge estimates, data on maximum
known floods may be considered in addition to flood-
frequency estimates. Maximum floods in Iowa and
their estimated recurrence intervals are listed in table 1
for streamflow-gaging stations included in this study.
Figure 16 shows the relation between maximum flood
discharge and drainage area for 366 stream sites in
Towa. A total of 207 of the sites are gaging stations
(includes 197 gaging stations in Iowa listed in table 1)
and 159 sites are ungaged sites. Flood-peak discharges
were determined at the ungaged sites using indirect
measurement methods (Benson and Dalrymple, 1967).
Regression lines for the 500-year recurrence-interval
discharge (one-variable equations) and enveloping
curves for the maximum known floods are shown for
each hydrologic region in figure 16. The enveloping
curves indicate maximum flood-discharge potential for
arange of drainage areas for each region.
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Figure 16.--Relation between maximum flood discharge and drainage area for streams in lowa.
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Figure 16 shows that approximately 78 of the
366, or about 21 percent, of the data points for gaging
stations and ungaged sites lie between the enveloping
curves and the regional regression lines for the 500-
year flood. The majority of these maximum floods
occurred as the result of rare storm phenomena.

From the principles of probability (Chow, 1964;
Linsley and Franzini, 1964; Lara, 1973), the
probability of floods exceeding the 500-year
recurrence interval is calculated as:

P,=1-(1-1/"

where P, =the probability of a peak discharge to
be exceeded within n years;

t = the recurrence interval of the peak
discharge, in years; and
n = atime period, in years.

For the 197 gaging stations in Iowa listed in table
1, the mean effective record length (ERL) is 39 years
and the median ERL is 36 years. For gaging stations
with 40 years of peak-flow record, the above
probability calculation indicates that independent flood
events would exceed the 500-year recurrence interval
at about 8 percent of the gaged sites. Flood events
would not be considered independent if the same flood
occurred at more than one site in a basin or in two or
more nearby basins. For example, maximum floods for
map numbers 124 and 125 in table 1 (1993 flood at
station numbers 05470500 and 05471000) are not
independent. Table 1 lists recurrence intervals greater
than the 500-year flood for 18 of the 197, or about 9
percent, of the gaging stations in Iowa. Of these 18
flood events, about 14 of them are considered
independent flood events; the 500-year recurrence
interval was exceeded by independent flood events at
about 7 percent of the 197 gaging stations in Iowa listed
in table 1.

Rainfall amounts that produced several of these
maximum floods were recorded in the range of 12to 16
inches (Schwob, 1969; Lara, 1973; Waite, 1988; U.S.
Geological Survey flood-profile reports, 1963-97, a list
of which can be obtained from the World Wide Web at
URL <http://ia.water.usgs.gov/projects/profiles>).
Ranges in rainfall amounts reported for Iowa for the
100-year recurrence interval (Huff and Angel, 1992)
and for the probable maximum precipitation (PMP)
(Waite, 1988) are listed below for selected durations.
PMP’s are the greatest all season depths of

precipitation that are meteorologically probable for a
selected duration.

Rainfall in Iowa, in inches, for
indicated durations

Probability 6 hours 24 hours 72 hours
100-year recurrence
interval 5-6 6-8 8-9
Probable maximum
precipitation (PMP)
for 10 mi? 25-27 31-33 36-38

As shown in figure 16 for Region 2, the ends of
the enveloping curve nearly coincide with the ends of
the regression line for the 500-year flood. Maximum
differences between the regression line and the
enveloping curve occur in the drainage area range from
approximately 10 to 200 mi’. These differences may
indicate that the maximum flood-discharge potential
for basins in Region 2 may be greatest within this
drainage-area range.

SUMMARY

Reliable estimates of flood-frequency discharges
are essential for the economical planning and safe
design of bridges, dams, levees, and other structures
located along rivers and streams and for the effective
management of flood plains. In response to the need to
update and improve the predictive accuracy of
estimates of flood-frequency discharges for ungaged
stream sites in lowa, the USGS, in cooperation with the
Iowa Department of Transportation and the Iowa
Highway Research Board, initiated a statewide study in
1998.

This report (1) presents the results of a skew
analysis to determine whether generalized skew
coefficients can be improved for lowa; (2) describes the
compilation of basin-characteristic and flood-
frequency data sets for streamflow-gaging stations and
the use of statewide, drainage-area, regional, and
region-of-influence regression methods to develop
estimation equations; and (3) presents and describes
techniques for estimating flood-frequency discharges
for streams in Iowa that include equations with the
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greatest predictive accuracy and include equations that
are easy for the user to apply.

Techniques for estimating flood-frequency
discharges described in this report are applicable to
streams in Iowa that are not significantly affected by
regulation, diversion, channelization, or urbanization.
The estimation equations presented in this report are
limited to streams with drainage areas ranging from 1.3
t0 5,452 mi’. Estimation equations were developed for
flood discharges that have recurrence intervals of 2, 5,
10, 25, 50, 100, 200, and 500 years.

As part of the computation of flood-frequency
analyses, a generalized-skew-coefficient analysis was
conducted to determine whether generalized skew
coefficients could be improved for Jowa. Three
regional skew-analysis procedures recommended by
Bulletin 17B for estimating generalized skew
coefficients were investigated for lowa using 239
gaging stations. The mean square error (MSE) was
used to evaluate the results for each of the procedures
and to compare their results to the MSE calculated for
generalized skew coefficients interpolated for 145
gaging stations in lowa from the nationwide skew map
in Bulletin 17B. An isoline map of generalized-skew-
coefficient values was developed for Iowa using
variogram modeling and kriging methods with an MSE
of 0.156. Because the MSE value for the Iowa skew
map was the lowest of the three regional skew-analysis
procedures and was lower than the MSE of 0.272
calculated for Jowa from the nationwide skew map in
Bulletin 17B, the Iowa skew map was used to revise
generalized skew coefficients for flood-frequency
analyses for gaging stations in the State.

Flood-frequency discharges were computed for
291 gaging stations using revised generalized skew
coefficients and peak-flow data collected through
September 30, 1997. Thirty-eight selected basin
characteristics were quantified for each of the gaging
stations; two of the basin characteristics were manually
measured from topographic maps and 36 of the
characteristics were quantified from digital data
sources using Basinsoft, a GIS procedure.

Four regression methods were investigated for
estimating flood-frequency discharges for ungaged
stream sites in Iowa. Regression analyses were used to
relate basin characteristics to flood-frequency
discharges. Data collected for the 291 gaging stations
were compiled into statewide, regional, drainage-area,
and region-of-influence data sets for regression
analyses. Root mean square errors (RMSE’s)

_calculated for equations developed for each regression

method were compared to evaluate the predictive
accuracy of the equations. Equations developed for the
statewide and drainage-area regression methods are not
listed because their RMSE’s were larger than those
developed for the regional and region-of-influence
regression methods.

Three hydrologic regions were defined for the
State, and regression equations developed for each

region are presented for estimating flood-frequency &
discharges for ungaged stream sites in lowa.
Preliminary multiple regression analyses, using .

ordinary least-squares regression, were conducted to
test for significant differences among the hydrologic
regions and to identify the most significant basin
characteristics for inclusion in the generalized least-
squares regression. The final regression analyses
included 241 gaging stations after 50 gaging stations
were deleted from the regression data set. Forty-five
gaging stations in adjacent States were deleted because
they had significant basin-characteristic values outside
the range of those measured for gaging stations in the
State, and five gaging stations in lowa were deleted on
the basis of channelization or drainage areas less than 1

miZ.

Generalized least-square (GLS) regression was
used to develop a set of one-variable equations for each
region and to develop a set of multi-variable equations
for Regions 2 and 3. The multi-variable equations
developed for Regions 2 and 3 provide better predictive
accuracies than the one-variable equations because
slope and relief factors further define flood-frequency
relations. Two sets of equations are presented for
Regions 2 and 3 because the one-variable equations are
considered easy for users to apply and the predictive
accuracies of the multi-variable equations are greater.
Standard error of prediction for the one-variable
equations ranges from about 34 to 45 percent and for
the multi-variable equations from about 31 to 42
percent.

The region-of-influence (ROI) regression
method was also investigated for estimating flood-
frequency discharges for ungaged stream sites in Iowa. 1
The same 241 gaging stations included in the regional
regression analysis were used in the ROI regression
analysis. The ROI analysis used GLS regression to
relate basin characteristics to flood-frequency
discharges for a unique subset of gaging stations.
RMSE’s were evaluated for the ROI analyses to
determine the most significant basin characteristics and
the best number of gaging stations to use for
composing the ROL
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A comparison of the regional and ROI regression
methods, based on ease of application and RMSE’s,
determined the regional regression method to be the
better estimation method for Iowa. For this study, the
ROI regression method is not included as an alternative
flood-frequency estimation method because regional
regression equations provided better overall predictive
accuracies, required fewer overall measurements of
basin characteristics for ungaged sites, and did not
require computer processing for application of
equations.

Techniques for estimating flood-frequency
discharges for streams in Iowa are presented for
determining (1) regional regression estimates for
ungaged sites on ungaged streams; (2) weighted
estimates for gaged sites; and (3) weighted estimates
for ungaged sites on gaged streams. The technique for
determining regional regression estimates for ungaged
sites on ungaged streams requires determining which
of four possible examples applies to the location of the
stream site and its basin. Illustrations for determining
which example applies to an ungaged stream site and
for applying both the one-variable and multi-variable
regression equations are provided for the estimation
techniques.

Information on maximum floods in Iowa also is
presented to supplement information on flood-
frequency estimates. Enveloping curves for the
maximum known floods in Iowa indicate maximum
flood-discharge potential for a range of drainage areas
for each hydrologic region. '
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APPENDIX A
Selected Basin Characteristics

Thirty-eight selected basin characteristics
were measured for each streamflow-gaging station
used in the regression analyses. A description of
these characteristics follows.

Characteristics Manually Measured
from Topographic Maps

Two  characteristics were  manually
measured from 1:24,000-scale USGS topographic
maps:

DA - Drainage area, in square miles--
published drainage area for streamflow-gaging
station.

MCS - Main-channel slope (1:24,000 scale), in
feet per mile--an index of the slope of the main
channel computed from the difference in streambed
elevations (E) at points 10 percent and 85 percent of
the distance along the main channel from the basin
outlet to the basin divide, MCS = (Egs- E )/ (0.75
MCL).

Morphometric Characteristics
Quantified from Digital Data Sources
Using Basinsoft

Twenty-eight morphometric characteristics
were quantified using Basinsoft, a geographic-
information-system (GIS) procedure (Harvey and
Eash, 1996). These characteristics were quantified
from one or more of three digital data sources: (1)
1:100,000-scale digital line graph (DLG)
hydrography (stream network) data; (2) 1:100,000-
scale DLG hypsography (elevation contour) data;
and (3) 1:100,000-scale digital elevation model
(DEM) data.

Basin-Area Measurements

TDA - Total drainage area, in square miles--
includes noncontributing areas.

CDA - Contributing drainage area, in square
miles--total area that contributes to surface-water
runoff at the basin outlet, CDA = TDA - NCDA.
NCDA - Noncontributing drainage area, in
square miles--total area that does not contribute to
surface-water runoff at the basin outlet.

Basin-Length Measurements

BL - Basin length, in miles--measured along
a line areally centered through the basin polygon
from the basin outlet to where the main-channel
extension meets the basin divide. -

BP - Basin perimeter, in miles--measured
along entire basin divide.

BW - Effective basin width, in miles, BW =
CDA/BL.

Basin-Relief Measurements

BS - Average basin slope, in feet per mile--
measured by the “contour-band’” method, within the
contributing drainage area (CDA).

BS = (total length of all selected elevation contours)
(contour interval) /CDA.

BR - Basin relief, in feet--measured as the
difference between the elevation of the highest grid
cell and the elevation of the lowest grid cell at the
basin outlet within the TDA.

RR - Relative relief, in feet per mile, RR =
BR/BP.

Area-Altitude Measurement

HI - Hypsometric integral, in percent--
computed from the hypsometric curve (relation of
horizontal cross-sectional area of basin to relative
elevation upslope of basin outlet) as the ratio of area
under the hypsometric curve to the area of the entire
hypsometric square (Strahler, 1952).

Basin-Aspect Measurement

BA - Basin azimuth, in degrees--compass
direction of a line defined from where the main-
channel extension meets the basin divide
downslope to the basin outlet. Measured clockwise
from north at 0°.

Basin-Shape Measurements

SE - Shape factor, dimensionless--ratio of
basin length to effective basin width, SF = BL./
BW.

ER - Elongation ratio, dimensionless--ratio
of (1) the diameter of a circle of area equal to that of

APPENDIXA 45



the basin to (2) the length of the basin, ER =[4 CDA
/7 (BLY!1%3 =1.13 (1 / SB)%?,

RB - Rotundity of basin, dimensionless,
RB =[x (BL)?] / [4 CDA] = 0.785 SF.
CR - Compactness ratio, dimensionless--is

the ratio of the perimeter of the basin to the
circumference of a circle of equal area, CR=BP/2
(m CDA)%.

Channel- (Stream-) Length
Measurements

MCL - Main-channel length, in miles--
measured along the main channel from the basin
outlet to where the main-channel extension meets
the basin divide.

MCSR - Main-channel sinuosity ratio,
dimensionless, MCSR = MCL / BL.

TSL - Total stream length, in miles--computed
by summing the length of all stream segments
within the CDA.

SD - Stream density, in miles per square
mile--within the CDA, SD = TSL / CDA.

CCM - Constant of channel maintenance, in
square miles per mile--within the CDA, CCM =
CDA/TSL=1/SD.

Channel-Relief Measurements

MCS100 - Main-channel slope (1:100,000 scale),
in feet per mile--see above description for MCS.
MCSP - Main-channel slope proportion,
dimensionless, MCSP = MCL / (MCS100)°>.

RN - Ruggedness number, in feet per mile,
RN = (TSL) (BR) / CDA =(SD) (BR).

SR - Slope ratio of main-channel slope to
basin slope, dimensionless--within the CDA,

SR = MCS100/BS.

Stream-Order Measurements

FOS - Number of first-order streams within
the CDA, dimensionless. FOS is computed using
Strahler’s method of ordering streams.

BSO - Basin stream order, dimensionless--
stream order of the main channel at the basin outlet.
BSO is computed using Strahler’s method of
ordering streams.

DF - Drainage frequency, in number of first-
order streams per square mile--within the CDA,

DF = FOS / CDA.

RSD - Relative stream density, dimensionless-
-within the CDA, RSD = (FOS) (CDA) / (TSL)? =
DF / (SD)>.

Landform Characteristic Quantified
from Digital Data Source Using
Basinsoft

One landform characteristic was quantified
using an optional area-weighting program of
Basinsoft. The Des Moines Lobe landform region
boundary (figs. 8 and 12) was created from
1:24,000-scale digital data provided by Tim
Kemmis (Iowa Geological Survey Bureau, written
commun., November 1998).

DML - Des Moines Lobe, ratio of basin area
within the Des Moines Lobe landform region to
total area of the basin.

Precipitation Characteristics Quantified
from Digital Data Sources Using
Basinsoft

Two precipitation characteristics were
quantified using an optional area-weighting
program of Basinsoft. A digital data layer
representing mean annual precipitation was created
from a 1:250,000-scale grid of mean annual
precipitation data (Central United States Average
Monthly or Annual Precipitation, 1961-90, 1998,
Chris Daly, Oregon State University, and George
Taylor, Oregon Climate Service) downloaded from
the PRISM (Parameter-Elevation Regressions on
Independent Slopes Model) World Wide Web site
<URL:http://www.ocs.orst.edu/prism/
prism_new.html>. The grid was contoured using a
1-inch contour interval. The accuracy of those
contours was verified using two digital data layers
contoured at 2-inch intervals; one data layer was
obtained from the PRISM web site and the other
data layer-was digitized from a mean annual
precipitation map (Wendland and others, 1992).

A digital data layer representing 2-year,
24-hour precipitation intensity was created by
digitizing a rainfall frequency map (Huff and
Angel, 1992) contoured at a 0.25-inch interval.
This data layer was further processed to create
contours at a 0.125-inch interval.

AP - Mean annual precipitation (1961-90), in
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inches--computed as a weighted average within the
TDA.

TTF - 2-year, 24-hour precipitation intensity,
in inches--defined as the maximum 24-hour
precipitation expected to be exceeded on the
average once every 2 years, computed as a
weighted average within the TDA.

Soil Characteristics Quantified from
Digital Data Sources Using
Basinsoft

Five soil characteristics were quantified
using an optional area-weighting program of
Basinsoft. A digital data layer representing State
Soil Geographic (STATSGO) soil characteristics
was created from a 1-kilometer-resolution grid
(Wolock, 1997) downloaded from a USGS World
Wide Web site <URL:http://water.usgs.gov/GIS/
metadata/usgswrd/muid.html>.

AWCA - Average available water capacity of
soil, in inches/hr--aggregated by soil layer and
component, and computed first as an average of low
and high values for ranges in available water
capacity and second as a weighted average within
the TDA.

PERMA - Average permeability rate of soil, in
inches/hr--aggregated by soil layer and component,
and computed first as an average of low and high
values for ranges in permeability and second as a
weighted average within the TDA.

PERML - Average minimum permeability rate of
soil, in inches/hr--aggregated by soil layer and
component as a low value for range in permeability,
and computed as a weighted average within the
TDA.

SLOPEA - Average slope of soil, in percent--
aggregated by soil component, and computed first
as an average of low and high values for ranges in
land-surface slope and second as a weighted
average within the TDA.

SLOPEH - Average maximum slope of soil, in
percent--aggregated by soil component as a high
value for range in land-surface slope, and computed
as a weighted average within the TDA.
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APPENDIX B

Technique for Manual, Topographic-
Map Measurement of Main-Channel
Slope

Measurements of main-channel slope
(MCS) are required as input parameters for the
multi-variable regression equations for Regions 2
and 3 (tables 4 and 5). Because these equations
were developed using measurements of MCS made
from 1:24,000-scale USGS topographic maps, the
appropriate scale to use for measurements of MCS
for input to the multi-variable equations l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>