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TESIS ON ARIZONA'S NEW FLOOD ESTIMATES

Brian H. Reich, Herbert B. Osborn and Malehus C. Baler, Jr.-
1/

ABSTRACT

A method for estimating regional flood frequency was prepared by R. H. Roeske of the U.S. Geologi

cal Survey (USGS) in 1978 for the Arizona Department of Transportation. Hydrologists nay wish to use

these regression equations for estimating flood peats or for other purposes in development or flood con

trol engineering. Many of those needs are lor watersheds smaller than 10 sq. mi., however, for which

USCS racasurwients ire scarce. Records from two groups of snail experimental watersheds rear Tombstone

and Flagstaff, one gaged by the U.S. Oeparlmrnt of Agriculture's (USOA) Science and Education Adminis

tration and the other by the forest Service, were used to independently evaluate the generaliied Arizona
relationships In specific applications lo sn.ilI watershed work, the new design floods for each experi-
nental watershed were coapared with estimates raade using the USGS equation for two of the six flood fre
quency regions (FFR) in Arizona. The study showed that use of the generalized regional curve nay under

estimate flood peats. Deviations frea the curve can be caused by land use changes, differences In ana
lytical cetheds, and use of short records.

INTRODUCTION

The users of an equation need to have a feel for the accuracy within which that equation simulates
the natural behavior that it attempts to model. This is particularly true with flood peals, whose mag

nitudes are the result of the joint action of many randon hy

drologic processes upon infinitely complex groupings of soils,
land use, and watershed geometry. In the Southwest, flood
peaks per unit area decrease with increasing watershed size

because of the limited areal extent of the storms and the flow
abstractions in the normally dry channels. Keppel and Renard

(1962) examined hydrographs at progressive stations and veri

fied that these combined hydrologic processes become particu
larly important for desert watersheds of 20 sq. ni. or more.
Thus it nay be beneficial to stratify Arizona watersheds Into
large and small subgroups before trying to fit flood peak (Q)

artt curves.

The U.S. Geological Survey (USGS) collects flood data in
Arizona with financial support fron groups within the state

such as the Arizona Departcent of Transportation (AOOT).
Roeske (1978) of USGS prepared a method for estimating region
al flood frequency In six flood frequency regions (FFR) for
Arizona. The present streanfloa network is compose^ of 245
unregulated sites along Arizona's rivers and streams; the
state-wide average Is 463 sq. ai. per gage. This sparse net

work, particularly in the desert environment where the spatial
and temporal variations of the rainfall Input far exceed those

in more hunid parts of the U.S.A., results in a large error
cooponent when the data are used to prepare regional flood
frequency prediction equations.

Horeover, 79 of Arizona's gages (32X) are of the crest-

stage type, which estimate flood peats less accurately than

the other continuous recording stations. Photographs of two
such installations are shown in Fig. 1. Of 32 USGS stations

used by Roeste (1978) in the San Pedro and Santa Cruz basins
alone, fiSI were equlped with crest-stage gages.

The hydrologic processes at work on snail areas are dif-

Flg. 1. USCS crest-gage station. f"ent from those operating upon the larger desert watersheds.

-'the authors are respectively: Kanager, Planning and Resources Development, Pina County Flood Control
District, Tucson; Supervisory Hydraulic Engineer, Southwest Rangeland Watershed Research Center,

USOA, Tucson; and Hydrologist, Rocky Mountain Forest and Range Experimental Station, Flagstaff.
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« the larger fft^^jr^^fJ^^™ ^ ™\V^JV^lS
Pedro basins all but _one of ^,/^Vsheds the average length of record -as only 12 years. In eon-
gages. /««£•«"••!* ',or Ur^er watersheds. Short records and questions about whether such records
represent* longer cCtlceArXs^ay further reduce confidence In the accuracy of predictions for
scull watersheds.

Reich (1979) examined In detail the prerequisite statistical analysis of Individual flood series
froo each sir"; gagt! We combined his graphical analyses with the latest theory {Cunnane. 1978) en
plotting positions and applied then to small watersheds In Ariiona.

Using the two clusters of soall research watersheds In Ariiona vhere land use and hydrotogfc data
are carefully Stored --one In rangeland In southeastern Arl.ona near Tombstone (Walnut Gulch) the
oJherU timber rt higher elevations near Flagstaff (Beaver Creek) -- we exaolned ftoeske's (1978) method
?o deteroinr^ow well It applies to soall watersheds In two of the si. flood frequency regions (FFP.)
that he identified.

0CSCO1PTION OT ROtStt'S EVALUAIIOK

The six flood frequency regions (FFR) doeske (1978) developed are shown in Fig. 2. The end product
of his reWt w« alet of seven regression equations for each FFR. each for a return interval of 2. 5.
?0 25 5? 100 or 500 years. Table 1 presents the 100-year flood peaks (0 100) «" each region for a
thit'leal* watershed having a 1-sq. ol. drainage, which were calculated using Roeske's rethod. The
irV" MWr 5 Ue 0? gaged watersheds upon ^^tW'SaW

j

'TUCSON ^
WALNUT «

*-,-■> GULCH «

FRR AREA

BOUNDARY

rig 2. location oap showing USGS flood frequency regions
and the Walnut Gulch and Beaver Creek watersheds.

tlon. Of the 2O0 watersheds used. 121
were less than I sq. pI.. 244 between 1
and 10 sq. ni., 81 between 10 and 20 sq.

at., 81 between 20 and 50 sq. ot.. 61 be
tween SO and 100 sq. ot.. 81 between 100
and 203 sq. nt., and 131 between 200 and
1000 sq. at. About two-thirds of the da
ta used to develop these regression equa

tions were from watersheds larger than 10
sq. oi. On the snail watersheds Included
In the data base, the record length aver

aged less than 14 years, whereas for
watersheds larger than 100 sq. oi. the

records averaged about 26 years. In FFR
J and 5, watersheds larger than 1,000 sq.

at. had average records of 38 years. The
relative Importance of differing storo

types and channel abstractions lead to
dichotomaus flood behavior between large

and vail watersheds.

The practical meaning of the stand

ard error of estioate is significant. In

FFR 5, for exaaple, OlOO is ' •JM cfs
(Table 1). However, the 861 standard er

ror o( estimate should be Interpreted to

nean Q100 at one-third of sioilar water
sheds could actually be outside 1,230 ♦

(861 of 1.230). The bounds -- W2 and
2,288 cfs -• represent a range within
which two-thirds of the values lie.
Moreover, the error around the estioate
Increases as one considers the very large
or very small watersheds for which the
regression relationship was derived.

the warnlno
by the published standard errors of estimate, one nusl consider

ttat ca^efrC nine watersheds larger than 1.000 sq. ni. Therefore, it would be unwise to apply these
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equations on watersheds, smaller tli.i" I \'|. ml. In (IK I or III, and they should be used with care on

other sized watersheds.

Consideration of the hydrologic processes at work during flood genesis (n various regions and on

different sdc watersheds should supplement the statistical results. Floods on large Arizona watersheds

generally result from wlde',|irej<t frontal storm Hut occur In the cooler season. In contrast, etctreoc

flood events on snail scalarld watersheds result jw tinar11y fron air-mass thunderstorras, which dominate

the precipitation Input In July, August, and September (Lane and Osborn, 1972; Osborn and Laursen,
1973). Flood peak reduction through channel transnlssion losses also has considerable inpact In the

desert (Keppel and Renard, 1962; Lane et al.t 1971; and Lane 1972). In addition, the influence of heavy
convective stores that typically cover less than 10 sq. nl. should be considered. Table 2 shows then

that snail watershed processes are virtually absent from the input data for FFR 1 and HE. The U5GS
equations for those regions art for large watershed relationships. It is not surprising, therefore,

that the hypothetical 1 sq. ni. Q|oo's in Table I for FFR 1 and HE appear to be ouch saaller than for

the other four FFR's.

OCSCRIPTIOH Of STUDY AREAS

Walnut Gulch Research Watersheds

To test Roeske's equation for ITU $ on the smaller basins, we selectee a cluster of experimental

rangcland watersheds at Walnut Gulch in southeastern Arizona (Fig. 2). Each subwatershed is. equlped

with rain gages and a laboratory calibrated fluoe-welr constructed and operated by the USOA-SEA-AR,

Southwest Rangeland Watershed Research Center. There are 11 fluoe-weirs at Walnut Gulch which erasure

runoff frcn subwatersheds of I to 58 sq. ni. tight of the subwatersheds are saaller than 10 sq. oi. A
typical station is shown in Fig. 3.

The Walnut Gulch subwatersheds are in

brush-grass rangeland typical of =uch of

Southeastern Arizona, Southwestern New

Kenico, and Northern Sonora, Mexico. Ma

jor channels with slopes of about U are
Incised. All channels abstract large

amounts of surface runoff. The average

annual rainfall is 13 to 14 inches, and

70X occurs In the simmer as intense,
short-duration thunderstorms. All major

flood peaks on walnut Gulch have resulted

fron thunderstorn rainfall between April

and October. Runoff records frcn the

eight subwatersheds saaller than 10 sq.

nl. range froo 13 to 22 years. Flood

peaks of up to 1,400 cfs per sq. ni. have

been recorded on the smaller subwater

sheds.

,. , ,, ,, Beaver Creek Research Watersheds
Fig. 3. Flow at a runoff-measuring station. Walnut Gulch,

^izona. To teJt soeske's FFR 3 equation on
small basins, we used watersheds with a wide variety of soils under various land uses. Froo 19S7 to

1962, the U.S. Forest Service built stream gages on 18 watersheds near Flagstaff ranging in size from 66
to 2,036 acres. Vegetation representing the Utah and alligator Juniper types as well as the ponderosa

pine type were included. A high plateau, sloping mesas and breaks, steep canyons, and valleys charac
terize the topography of Beaver Creek. Because of a layer which tnpedes downward movement of water, the

infiltration rate is slow — from 0.0b to 0.2 inches/ hour when the soil is thoroughly wetted. Average

precipitation varies from 12 to 25 inches across the research area, with 641 falling fron October

through April. Average peak snow water equivalent on Beaver Creek is about 3.4 Inches. Fig. 4 shows

an example of a Beaver Creek strcamgaqc.

In testing the FFR 3 equation, we used 14 of the watersheds at Reaver Creek. They ranged in size

from 0.1 to 3.2 sq. ml. On four of these, forest uverstory was either thinned or clear cut so that data

could be separated into before and after treatment series. These effects cf forest treatment are indi
cated in Fig. 5. In some cases a combtned series for the watershed was also subjected to flood frequen

cy analyses. We studied the effects of various cover types and of thinning or clear cutting because any

of these land uses can occur, alone or conhlnud, <U sane future lime on a watershed of interest to a hy

draulic designer.

COMPARISON 01 ISrIMATED FLOOD PEAKS

Walnut Gulch

The "best fit" In Fig. 6 represent the (Jlou that we derived from the very best flood frequency
analyses for 10 precisely gaged Walnut Gulch watersheds. The equation for this teast-squares-fitted
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Fig.6.Bestfit(i)fort),QQat10sarailwater-fig.5.Effectsofforesttreatmentonrun-

shedsatWalnutGuicnascomparedwithoffforselectedBeaverCreekwater-
scatterfoundbyRoeske(1978)inPinusheds.

CountyonthebasisOfhisequationforFFR5.
curvederivedatWalnutGulchis:

Q,oo•2360hi.6SS-.MBlogA)

whereAisthedrainagearetinsquaremiles.IhedeviationsaboutthecurveinFig.6areunusually
small.These10UalnutGulchsubwatershedsareveryclosetogether,andsimilarityofclimateandgeo-
raorphologymightbepartlyresponsibleforthescatter-freepeakarearelationship.Healsosuspect
thatthereisinierstationcorrelationofthefloodvaluesintheseseparateseries.Thispropertyis
foundamongotherclusteredexperimentalsubwatershedsintheU.S.A.,whererunoffresultsfromlarge

areastorms.

CrosscorrelationofWalnutGulchannualfloodseriesshowedlessdependencethannightbeexpect
ed,however,presumablybecauseofthesmallsizeandrandompositioningofintensesummerstormsin
southeasternArizona.Correlationbetweenconcurrentpeakdischargesfor10WalnutGulchsubwatershed
stationsareshowninTable3.Asmightbeexpected,successivestationsonthesamedrainage--sub-
watersheds11and8,6andZ.9and6,Zand1inFig.7•-showthehighestcorrelations(r•0.76to
0.88)betweenrunoffpeaks(Table3).Also,runoffpeaksfromsameadjacentwatersheds—8and10,9
and10.and10and11—arecorrelated(r•0.66to0.77).Ontheotherhand,for95JconfidenceUn
its,anrof0.2orlesscanresultfromrandomselection.Thereforeatleaststations7,11,and15
naybeconsideredasindependentsamplingpoints,orstations7and3,6,6,9,10,II,andIS,respec
tively,areindependentsamplingpoints.Stations7,II,and15haveacombinedrecordof46years,or

anequivalent46-yearrecord,iftheperiodofrecordonWalnutGulchcanbeconsideredasagoodsample
ofalongerperiod.Ifpairsofstationswithcorrelationsoflessthan0.3areconsideredindependent
samplingpoints,therecordwouldbetheequivalentofabout65years.

69



L .,

::7:C<L
.« • ■ »...••■. •■ -••-■

\.,J
>
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Table 3 Correlation <r) between concurrent peak discharges for 10 Walnut Gulch
"Watershed stations, location of subwatersheds Is shown In fig- 2-

Suboatershed

station

1

2

3

6

7

8

9

10

II

IS

1 2

1.0 .76

1.0

3

.41

.69

1.0

6

.57

.88

.55

1.0

7

.63

.29

.03*

-.04

1.0

8

.47

.69

.55

.80

-.12

1.0

9

.46

.77

M

.85

-.11

.59

\.O

10

.54

.7?

.39

.87

-.09

.76

.78

1.0

11

.34

.37

.06

.57

•ill

.77

.41

.66

1.0

IS

.27

.52

.46

.55

•Pi

.30

.29

.29

.02

1.0

•Underlined values indicate station pairs with no statistical correlation.

the data and aaounts for annual -..I-* pe.J «ivcharq« (cf«) for the "^ ,0 Walnut Jl^

^^^L ^, sho-s -ar9e deferences
in amount and areal variabilities between watersheds.

The slOr» of Septe^ ,0 1967. is shown in U,,*
ed in 4S minutes. Annual na.tmun peak d'"h''«"

ZTJ*A\ TJuTur^
M». In spite of the magnitude

dln 1%; tt three
Stations on Walnut Gulch.

Walnut Gulch represents one locality within fl
5 the curve for Walnut Gulch (fl9- 6) is about 70* by a safely factor

TuTZ ?tcur dealer needed.
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Flo. 8. lsohyetal nap of Horn rainfall on 10 Sept. 1967. Walnut Cuich. ArUona.

Piaa County

sgg&SSJs&
suggested inadequate estimates of 3.000 or 6.000 cfs.

6000

10 2 08 SO MILES
GERONIMO WASH

1964-1977

211 SO MILES
ANKLAM WASH

1965-1977

2 3 5 10 25 50

T, (TRS)

2 3 5 10 25 50

T. (TRS)

Fi, 9 Flood frequency plots for short records at two
selected crest-gage stations in Pioa County.

Separating variations froa types of
installation and the short record Is
difficult. Oata were obtained froa 45
USGS gages in and around the county. A
complete flood frequency analysis was
performed on each of these using three
types of probability paper (Reich,
1979). The best estimates of tJoo for
each tine series for the 45 watersheds
were plotted in Fig. 6. The huge scat
ter of these estimates «ay be partially
due to physical differences between
these diverse watersheds. If it were
possible to separate then Into sets of
recognljable slollar hydrologlc sys
tem, one would hope to dlstlnqulsh a

family of curves, soaiewhat concentric
to the Walnut Gulch curve, fitting
through each of these subsanples. At
tempts to do this by neans of four des
criptive flood producing features
(channel roughness, channel type,
waterjhed slope, and runoff potential)
failed. Therefore, ouch of the scatter
in Fig. 6 may be due to inadequate da

ta.

Beaver Creek

An indication of how such land use

aay alter peak flows within one FFR
would be «>st valuable to hydroiogists.
A general equation like one of Roeske's
in Table 1 represents only average con

ditions. Features like soil, cover,
tributary configuration, etc. make peak

discharges on a specific watershed

higher or lower than average.

TM effect, of the 'oresttr.at.ent on runoff « Ieaver Creek

C S -owe1n ?!S? WhV'faVt' that , l00
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the 1.000cfsIsanor*reliableIndica^r.sVnlUrU^tn^ch"^\erm"""evalue«*f«™«M«»<»9ofabout

"'

andthetreatment«yberesponsiblefor

Plot,}}t'^e"?t^^ofer'n'o^^'vtJMmI"'•?""??;5'"7°-bUttMSfloOd-«•" the1970event.The1970event,theUrgltIn{he20t«?%ciTfi.h.™,Te"1"1"*1*««-""out
alongthelineestablishedbyiherestofthepe!kdlsehar«s(na61Sh,,^V'w"ers"ed.»•»
chargesinponderosapineorthinnedpondtrowninewkeini7n,,r„»Vi.'•."'"i1soth"peakdis-
rles.TheaverageofthetwolargerthinnedooSderowni«?tnn5?'"1ar9estfrMtheentire»e-

a

7%higher
-----*——-——*record.

ThisIsthreetimesthevaluefroa

errorsofesticute.withtheeiasple*epresentedonHoeske's

for^a
USM-SEAitainrtCulchexPer|Bental

closely,therefore,floodpeakpr

SUKHAIr

underestimatef.oodpeaks

theUSOAroreitL«J«'S,"*?1""?j1™""'-"«"th.
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