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TESTS ON ARIZONA®S NEW FLOOD ESTIMATES

Brian M. Reich, Herbert B. Osborn and Malchus C. Baker, Jr.l/

ABSTRACT

A method for estimating regional flood frequency was prepared by R. H. Roeske of the U.S. Geologle
cal Survey (USGS) in 1978 for the Arizona Department of Transportation. Hydrolagists may wish to use
these regression equations for estimating flood peaks or for other purposes in development or flecod con-
trol engineering. Many of those nceds are for watersheds smaller than 10 sq. mi., however, for which
USGS measurcments are scarce. Records from two groups of small experimental watersheds rear Tombstone
and Flagstaff, one gaged by the U.S. Department of Agriculture’s (USDA) Science ond Education Adminis-
tration and the other by the Forest Service, were used to independently evaluate the generalized Arfzona
relatfonships in specific applications to small watershed work. The new design floods for each experi-
mental watershed were compared with estimates made 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 may under-
estimate flood peaks. Deviations from the curve can be caused by land use changes, differences in ana-
lytical methods, and use of short records.

1KTRODUCTION

The users of an eguation reed to have a feel for the accuracy within which that equation simulates
the natural behavior that it atteapts to model, This is particularly true with flood peaks, vhose mag-
nitudes are the result of the joint action of miny randoa hy-
drologic processes upon infinitely complex groupings of soils,
Jand use, and watershed geometry., In the Southwest, flgod
. peaks per unit area decrease with increasing watershed size
because of the limited areal extent of the storms and the flow
abstractions {n the aormally dry channels. Keppel! and Renard
(1962) examined hydrographs at progressive stations and veri-
fied that these combined hydroltogic processes become particu-
larly important for desert watersheds of 20 sq. mi. or more.
Thus it may be beneficial to stratify Arizona watersheds into
large and small subgroups before trying to fit flood peak (Q)
area curves,

The U.S. Geological Survey (USGS) collects flood data in
Arizons with financial support from groups within the state
such as the Arizona Departcent of Transportation (ADOT).
Roeske (1978) of USGS prepared a method for estimating region-
al flood frequency in six flood frequency regions (FFR) for
Arfzona. The present strezmflos reiwork is composeg of 245
unregulated sites along Arizona's rivers and streams; the
state-wide average ts 463 sq. @mi. per gage, This sparse net-
work, particularly in the desert environment where the spatial
and temporal varlations of the rainfall fnput far exceed those
in more humid parts of the U,S.A., results in a large error
coaponent when the data asre used to prepare regional flood
frequency prediction equations.

Moreover, 79 of Arizona's gages (32%) are of the creste
stage type, which estimate flood peaks less accyrately than
the other continuous recording stations. Photographs of two
such installations are shown in Fig. 1. Of 32 USGS stations
used by Roeske {1978) in the San Pedro and Santa Cruz basins
alone, 65% were equiped with crest-stage gages.

The hydrologic processes at work on small areas are dif-
Fig. 1. USGS crest-gage statfon. ferent from those operating upon the larger desert watersheds,

l/!he authors are respectively: Manager, Planning and Resources Development, Pima County Flood Control
District, Tucson; Supervisory llydraulic Englnecer, Southwest Rangeland Watershed Research Center,
USDA, Tucson; and Hydrologist, Rocky Mountain Forest and Range Experimental Station, Flagstaff.
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tut the larger watersheds have overwhelning weight in the USGS data dase. In the Santa Cruz and San
Pedro basins, all but one of the 19 stations an watersheds smaller than 100 sq. mi. had crest-stage
gages. Furthermore, at these small watersheds the everage leagth of record was only 12 years, in con-
trast with the 32 years for larger watersheds. Short records and questfons about whether such records
represent longer cl imatic extremes may further reduce confidence in the accurscy of predictions for

saall watersheds.

Relch {1979) examined in detail the prerequisite statistical analysis of fadividual flood series
from each stream gage. We combined hls graphical analyses with the latest theory {Cuanane, 1978) cn
plotting positions and applied them to small watersheds in Arizona.

Using the two clusters of saall research watersheds in Arizona vhere land use ond hydrologic data
are carefully monitored -- one in rangeland in southeastern Arizona near Tombstone (Walnut Gulich} the
other in timber at higher elevaticas near Flagstaff {Beaver Creek) -- we examined Roeske's (1978) cethed
to deteraine how well it applies to small watersheds in two of the six flood frequency regions (FFR)
that he identified.

DESCRIPTION OF ROESKE'S EVALUATION

The six flood frequency reglons (FFR) Roeske (1978) developed are shown in fig. 2. The end product
of his report was a set of seven regression equaticns for each FFR, each for a return interval of 2,5,
10, 25, 50, Y00, or 500 years. Table 1 presents the 100-year flood peaks (Q1g0) in each region for a
theoretical watershed having & 1-sq. mi. drainage, which were calculated using Roeske's method. The
sable also lists the size range of gaged watersheds upon which Reeske's equation was besed and the
standard error of estimate of the equa-
tion., Of the 200 watersheds used, 123

/’ [] ® were less than 1 sq. mi., 243 between |

/ N and 10 sg. ni., 8% between 10 and 20 sq.

% ni., 8% between 20 and SO sq. ai., 61 be-

\‘ OX twee;ogo and 100 sq. ai., 8% between 100

and sq. al,, and 131 between 200 2nd

1 ~ 1000 sq. of. About two-thirds of the da-

— \\ 4 u‘a used to gevelop the::d re?ression equc‘la
tions were from witersheds larger than

\ \ -%’./\FLAGSUFF $q. af. On the saall watersheds included

/ \ — N {n the data base, the record leagth aver-

& \ / aged less than 14 years, wheress for

~ /M—l__\ watersheds larger than 100 sq. of, the

\ J BEAVER records averaged sbout 26 years. In FFR

L CREEK "% 3 and 5, watersheds larger than 1,000 sq.

\ o, had average records of 38 years. The

relative importance of differing stom

\\ types and channel abstractions lead to
PHOENIX dichotomaus flood behavior between large
\_;/ﬁ‘\ and srmall watersheds.

/ The practical meaning of the stand-

2 ard error of estinmate is significant, In

/ FFR §, for example, 0108 is 1,230 cfs

,P"‘ln. ""l“"'\r"- (Table ). However, the HEY standard er-
;CéUNTY o ror of estimate should be (nterpreted to

\TUCSO}I- o nean Qygg 4t one-third of similar water-
/ WALNUT o sheds could actuslly be outsice 1,230 ¢

Z3-HE. AREA -¢-- GULCH (861 of 1,230). The bounds -- 112 and
—~—~FRR AREA 2,288 cfs -- represent a range within
BOUNDARY which two-thirds of the values lie.

Moreover, the error around the estimate

fncreases as one considers the very large

Fig. 2. Llocstion map showlng USGS flood freguency regions or very small watersheds for mﬂych zae
and the Walnut Gulch and Beaver Creek watersheds. regression relationship was derived.

{n addition to the wirning implied by the published standard errors of estimate, one must consider
how @uch of the data ceme from small or large watersheds. One should be sure that the lower range of
data upon which the equations were developed lend credence to the actual application. For exazmple, the
smallcst watershed used in FFR | was 1.84 sq. mi. Similaely, for the high elevation (HE) FFR, where
mean basin elevations are ahove 7,500 ft m.s.1., the smallest watershed was 1,61 sq. mi. The amount of
data used Lo develop the regression relations for peak discharges are surmarized in Table 2. The table
shows again that the analysis ot the H{ region involved no watershed smaller than | sq. mi. 1In FFR 5,
only seven of the 60 watersheds were within this smallest size class, Cven more important, these seven
very small watersheds added only 98 station-years of data, in comparison with the 319 station-years
that came from nine watersheds larger than 1,000 sq. mfi. Therafore, it would be unwise to apply these
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Table 1. Estimates of Qipo (Roeske, 1978) with the standard error of estimate and size
range of watersheds used to develop regression equations in each flood-
frequency region.

Watersheds used

in developing QIOD from }

Std. error the equations hypothet{cal

0100 cfs of estimate aininua Raxioum 1 sq. atle

1 (sq. &1.) {efs)

1 5a4ac490 9 .84 5,090 584
2 1,1008%%99 83 0.09 1,810 1,100
3 553a°610g-1.30,.915 66 0.065 5,499 1,183
4 0.01884-369¢6.09 91 0.7 3,300 1,068
5 1,230 86 0.15 3,610 1,230
HE  72,9a°795 45 1.61 147 73

A = Drainage area, in square miles
P = Mean basin elevation, In thousand feet sbove m.s.1,

€ = Mean annual precipitation, inches

Table 2. Watershed size distributions and leagth of records used in Roeske's study.

FrR ) | rrr2 | orera FrRa | FrRS HE
- < L) < < o
] 4 ] - " - 2] - ] . L% -h
218t jalelalzlzl|® 8l &8 "
ElS B E(S|E 51513 |5]¢|4|8
|t ]lels|lele ol ] hl 2l 2]e
SHNHEHEHEEHHHE
S el e et z1s|2 152123 TR TR
12 s & s (8858 (:]8]2°]3
Orainage ereas al1s(aelslelzte - - 2 |€|l 51%51S
in square niles S$1215(2|81218]):2 Siz28]lzatsl:
Less than 1 0 0 4 53 1 12 5 6 7 % 0 0 13 @8
1-9.99 5 66 8 9% 17 M6 6 1N 8 26 2 18 28 15
10 - 19,99 2 2 4 st 2 2% 2 % 6 104 2 1B 8 &
0 - 49.99 2 % 2 B 6 8 0 0 S5 8 & 4 8
50 - 99,99 © 0 3 ) 6 % 2z % 1 N 2 s ¢ s
100 - 199.9 1 %0 2 2% M W 0 0 2 3 3 1 8§ g
200 - 9999 2 2 Y 12 2 593 10 12 3100 5 1w 20 28
Hore than 1,000 S 80 3 S0 10 36 3 S 9 3B o o0 13 21
TOTALS 17257 21 350 87 M2 21 392 60 1233 18 309 100 100
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equations on watersheds smaller than § s mbs o HR | or Hl, and they should be used with care on
other stzed watersheds.

Consideration of the hydrologic processes at work during flood genesis in various regions and on
different sfze watersheds should supplement the statistical results, Floods on large Arizona watersheds
generally result frum widespread frontel stonmy Lhat occur in the cooler seeson, In contrast, extreme
flood events on $all sealarld watersheds resull primarily frem airemass thunderstorms, shich dominate
the precipitation lnput in July, August, and September (Lane and Osborn, 1972; Osbern and Laursen,
1973). flood peak reduction through channel transmission losses also has considerable impact tn the
desert (Keppe) and Renard, 1962; Lane et al,, 1971; and Lane 1972). In addition, the tnfluence of heavy
convective storms that typically cover less than 10 sq. mi. should be considered., Table 2 shows then
that small watershed processes are virtually absent from the fnput data for FFR 1 and HE. The USGS
equations for those regions are for large watershed relationships. It is not surprising, therefore,
that the hypothetical 1 sq. mi, Q)gp's in Table |} for FFR 1 and HE appear to be much smaller than for
the other four FFR's,

OLSCRIPTION OF STUDY AREAS

Walnut Gulch Research Watersheds

To test Roeske's equatfon for FFR S on the smaller basing, we selected a cluster of experimental
rangeland watersheds at Malnut Gulch in southeastern Arizona (Fig, 2). Esch subwatershed is. equiped
with r2in gages and & laboratory calibrated flune-welr constructed and operated by the USDA-SEA-AR,
Southwest Rangeland Watershed Research Center. There are 11 flune-weirs at Walnut Gulch which cessure
runoff from subwatersheds of | to 58 sq. ni, Cight of the subwatersheds are smatler than 10 sq. mi. A
typical) station is shown in Fig, 1.

The Malnut Gulch subwatersheds are in
brush-grass rangeland typical of esuch of
Southeastern Arfzona, Southwestern New
Hexico, and Northern Sonora, Mexico., Ma-
jor channels with slopes of about 1T are
incised. All chennels abstract large
amoynts of surface runoff. The average
annual rainfall 1s 13 to '3 faches, and
703 occurs In the summer as intense,
short-duration thunderstoms. A}l major
flood peaks on Walnut Gulch have resulted
from thunderstorm rainfall betweea April
and October. Runoff cecords frem the
efght subwatersheds smaller than 10 sq.
ni. range from 13 to 22 years. Flood
peaks of up to 1,400 cfs per sq. mi. have
been recorded on the smaller subwater-
sheds,

Beaver Creek Research Watersheds

Fig. 3. Flow 8t a runoff-measuring statien, Walnut Gulch,

Arizona. To test Roeske's FFR 3 equation on
small basins, we used watersheds with a wide variety of sofls under varfous land uses. From 1957 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 breats, steep cemyons, and valleys charac-
terize the topography of Beaver Creek. Because of a layer which impedes downward movement of water, the
infiltration rate is slow -- from 0,05 to 0.2 inches/ hour when the soil s thoroughly wetted. Average
precipitation varfes from 12 to 25 inches across the research area, with 64% falling from October
through April.  Average peak snow water equivalent on Reaver Creek fs about 3.4 inches. Fig. 4 shows
an exanple of a Beaver Creek streamgaqe.

In testing the FFR 3 cquation, we used 14 of the watershads at Bedver Creek., They ranged in size
from 0.1 to 3.2 sq. mi. On four of these, forest overstory was either thinned or clear cut so thot data
could be separated into before and after treatment serfes. These effects cf forest treatment are findi-
cated in Fig. 5. In some cases a combined series for the watershed was also subjected to flood freguen-
cy analyses, We studied the effects of varfous cover types and of thinning or clear cutting because any
of these land uses can occur, alone or comhined, 4l some future Lime on a watershed of interest to a hy-
draylic designer.

COMPARISON QF LSTIMATED FLOOD PEAKS

Halnut Gulch

The “best fit“ in Fig. 6 represent the Q1gy that we derived from the very best flood fre uency
analyses for 10 precisely g9aged Walaut Gulch walersheds. The equation for this least-squares-fitted

L] ]

o e

fiinsd

ihanighigRinashh



1% o

69

*sJpak 9 Inoge o JwALPALNb2 DY) Bq pinom ps0dds Yl *suioed Suydwes
Juapuadopu) PaJap)suOd 247 £°( UPY SS3| JO SUOYIP|ILA0D YIIM Su0YLILIS O SJied 31 *pojsad Jabuoy e jo
aqdwes poob © Se PaJIPISUOD 3Q URD YI|NY INU|CH UD PJOIAJ SO POLJISD Y J1 “puoddd Jrak-gp JuaLeainbl ue
J0 *suedk gy JO PI0daL paulquod B IARY Gl pue ‘If ‘s su0y1Rls  *sjuiod Supqdwes jwoapuadapu aae *A1aAly
-22d%32 ‘g pue ‘i ‘01 '6 '8 ‘9 ‘L pue 7 SUOLIPIS JO “Sjujod Bug|dues JudpuddIPUl SB PaJapisuOd 3q Kew
Gl pue ‘|l ‘7 SUOKIPIS 1SPI| 1P DJOJI4IYL  UOEIII|IS WOPUPS WOJ) I|NSAI URD SSIL JO Z°Q JO J Ul ‘S3y
~w}| 27UAPIILOD XG6 40) ‘PUPY JIYIO I uQ  *(£L°0 O3 99°0 = J) PAAPIAIIDD 3ue -- || pub Q| pue ‘p| pue
6 0L PUP § -~ SpIyssdlem Juade[pe auos wody syead jjouns ‘osty (g 31gey) syead jjouna uaBMlaq (880
01 9/°0 = 4) SUOLIR1A440D 153ybyy Ay Moys -- 7 “Bij ur | pue 2 ‘9 pue g 2 pul g ‘g pue || SpIYsIaleM
-qns -- afeujbJp JwRS Iyl LO SUOIIRIS IALSSIIINS ‘pPajdadxd Iq WOIW Sy *E IpQe) Ul UMOYS dJe SUO1IRIS
PIYSJI2IEMGNS YIND INULEH O 403 SABaeyISIp APRd JUBLINIVOD UDIMIIQ UDIIL|DLU0)  PUOZIJY LJIIISRIYINOS
Ul SEI0YS JIumpns dsuul 30 6utuo13isod wopuRs pur TS [lewWS BYY JO ISNEIIQ Ayqeunsaad ‘a3a9M0y ‘P
~329d%2 2g ybiu ueyy adcudpuadap SSI| PAMOYS S$2143S POO|j |PNULR YIIND INULEM JO UDIIP|III0D 5504)

*Sud0ls PR
9640] woJy SILNSAM JJOURS 2I3YR *CY°SOA YD u) SPAYSIAIPMQNS {PJudwLJIIXB PAIBISN]I 43I0 fuoue punoy
sy A343doJd Spyl  °Salsds ajesedas a5yl uy SIN|RA POO|) IJYI 3O UOLIIP|AJS0D UOLIRISIIWL St AJBYI eyl
133dsns 0S(P 3M  *OjySvOIR(d4 PAJe 103d Baay-u21IES Y JO) d|Qisundsda K| lsed aq biw Abo joydaow
-udb pue djew}|d jo A3puv(iwys pue ‘42430601 25010 K49a 2 SPIYSIIIEMQNS YO{NY INUIPH O ASANL ClPws
K{1ensnun 3ae 9 *big Ul 3AINd Oyl INOQE SUOLIPLADP Ayl "SA|jw dsenbs u) Pase Bbeuledp Ayl St v IJAIyM

{v 6oy gz1°~gag")¥ 09tZ = 001y
1S} YO|ND INUIFA 3P P3ALIIP AN

. e e ” “6 Y44 403 uo)IPRbA SIY JO S}SPQ Ayl U0 AJung) .
t(2(({&455!(53(’,{(;3!t!ﬁ!;t:!(“{ti‘f] * spays vupg ul (8¢61) 1530y £q punoy 4313eds LBEHAS
=JDRA }23J) JDARBY PIIII|IS 40) 430 Y3iM paseduod se Halng INULEN 10 SPAYS
-UNJ UD JUDWIRIAT JSIJ0S O $333333 G ‘Big -433em | (wRS O] 1P b Jog (V) 313 1598 "9 "6y

) v 05 02 0 (z!w)vazav | z
Sr 3 ! 00 T Ty \ g T ™3
. A
, Ly > R
¢ 3
v {0CI L ©
” ‘ o g
- ° =)
. - ‘ o ° 8
o ° {o00ce ° o
- o © ° »- o
L
°°/_/"8 S ygdd-« {0I
39/‘:’;3 looos LR HOTNO LONTM-9 |
12 1 P S s . ) S Y Ja—
s9sn 4 J ©
5]
o
{ooor o
a
4]
~ ‘euoriay
"%3243 J3aeag je uoj3eys bujbebumeasys vy ‘p by3
{000S
300074 Y3IHLO
<<Q0014 0261 1435-0170S
: 0Sv 300713 026t 1d3S-%NVE
B 1N2 ¥¥312-940009
dd C3NNIML-0
° y3dinne.o {0059
3NId Y3043QNOd -0
000¢

e



a

Fig. 7. Walnut Gulch subwatersheds used in best fit anslysis.

Table 3. Correlation {r) between concurrent pesk discharges for 10 Walaut Gulch
subwatershed stations. Location of subwatersheds is shown in Fig. 2.

Subwatershed

station i 2 ] 6 7 8 9 10 " 15
1 1.0 .06 .41 .57 .6) .47 46 .S W4 27
2 1.0 .69 .88 .29 .69 .77 . 37 52
3 1.0 .55 .03 .55 .42 .39 06 .46
] 1.0 .04 .80 .85 .87 .57 .55
1 10 -z -l .09 03
8 1.0 .59 .76 n .30
9 1.0 .78 4 .29
10 1.0 .66 .29
u 1.0 .02
15 1.0

eunderlined values indicate station pairs with no statistical correlation,

The data and aaounts for annual mazimum peak discharges (cfs) for the same 10 Walnut Gulch. subwater-
shed stations for 1963-1974 are shown in Table 4, Many maxina are recorded on the same dates on Walnut
Gulch which indicstes strong interdependence between some stations. However, annual maxima occur only
occasionally on the same date at other stations - (7 and B, and 11 and 15, for example. Also, examina-
tion of ischyetal maps of major thunderstorm rains (producing the major peaks) shows large differences
in amount and areal variabilities between watersheds.

The starm of September 10, 1967, #s shown in Fig. 8, The storm's maximum of 3.45 inches was record-
ed in 45 minutes. Annual maaimum peak discharges were recaorded on witersheds 8, 9, 10, and 11 during
this storm, but there were large differences on the three watersheds. Also, In spite of the magnitude
of this "record” event, mazimum annus! peak discharges were recorded on other dates fin 1967 at three
stations on Walnut Gulch.

Walnut Gulch represents one locality within FFR 5 where the Roeske method could be tested. in FFR
5 the curve for Walnut Gulch (Fig. 6) is about 702 higher than the USGS curve over the range from two to
10 sq. @¥. Thus, for snall watershed work, the FFR § equation should be multiplied by & safety factor
of about 1.7. In other parts of the region, for example the steep-rock faces of the Catalina Mountains
in Pima County 3 safety factor grester than 1.7 night be needed.
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Fig. 8. lsohyetal map of storm rainfall on 10 Sept. 1967, Walnut Gulch, Arizona.

Pima County

The flood frequency plots that result fron short records at two Creststege gages in Pina County 2re
shown in Fig. 9. The 13 cbservations on Geronimo Wash gave an {nadequate but general findication that
the flood which has a probability of 0.01 of being exceeded each yeer 1s sbout 3000 cfs. The best that
could be derived froa the Anklan Mash data was even less reliable. Two frequency lines on the gragh
suggested inadequate estimates of 3,000 or 6,000 cfs.

Separating variations froa types of
R fastallation and the short record fs
-"I Z difficult. Data were obtained from 45
/ USGS gages fin and around the county, A
conplete flood frequency analysis was
3 perforoed on each of these using three
/ types of probability paper {Reich,
1000} 1 / 1979). The test estimates of Qgp for
) / esch time series for the 45 watersheds
560F q / were plotted in Fig. 6. The huge scat-
1 ter of these estimates =ay be partially
/ due to physical differences between
- F { these diverse watersheds, If 1t were
fo 14 possidble to separate them into sets of
100} 1 J recognizable simtlar hydrologic sys-
tems, one would hope to distinquish a
sOt / family of curves, sonewhat concentric
[“o ° to the Walnut Gulch curve, fitting
through each of these subsanples. Ate Lot PR NN

r tempts to do this by means of four des- Brnelrhin iR
. X criptive figod producing features
10 2 08 SQ MILES 211 SQ MILES {channel  roughness, channel  type,
GERONIMO WASH o ANKLAM WASH watershed siope, and ruroff potential)
St 19641977 19651977 failed. Therefore, much of the scatter
5 1 ' in Fig, 6 may be due to inadequate da-

ta.

6000

(CFS)

PEAX DISCHARGE

Beaver Creek

! 55510 2550 3736 10 25 50
T, (YRS) T, (YRS)

An indfication of how much land use
asy alter peak flows within one FFR
would be most valusble to hydrologists.
A general equation likte one of Roeske's

in Table 1 represents cnly average con-
Fig. 9. Floocd frequency plots for short records at tvo ditions, Features like soil, cover,

selected crest-gage stations in Pima County. tributary configuration, etc. make peak
discharges an o specific watershed
higher or lower than average.

The effects of the forest treatmeat on runoff at Beaver Creek are shown in Fig, 5. In both cases
where the ponderosd pine was thinned, Qqgp fincrease significantly after treatment in the subseries of
flo0ds shown by the line and arrow in Fig. 5. The fact that Qg for the intermediate size watershed

17




RUEE ST R G

YT

v SRR A 440

te

‘AQRIPAR AuF
SP40das 23e4nd32 asow pue 4abuop (33un P3)(dde aq pinoys J019e) A13s08 3|qPuosas @ *pasn sy poyldw Ay
31 "Adean3de 3 qeuosisand JO SPJOIVI 140yS M3y P uo PISPQ 240 SIAIN3 Y] ‘PuOTyay ui SPAYSIIIem L{eus
J0) BSNPIaG ‘uoyI3Ned YIjm SPays.aYem LI1PeS 03 pagidde 239 plnoys poyjaw $,31330Y Pyl paisabéns Apnys
Y1 "IBAdM0y  “upeIIIDUN 0S{P .0 $pi0das Asayy uwo P3seq supj3dppasd yead pooyy *9403242y) *hLesod
23prb padeds aue spaysaajen Y3{N9 Inuier ayy pue *iuoys Ktaa)iegaa ase PUOZydy ug Spaodas gjouns yosn
43 *A33tendb quag(odxa jo ubnoys |y *syvad POOL} 2IPw}ISISAPUN Kew poyjom 33590y Iy} eyl paysabbns puoz
~hdy UL Spayssalen 39au) saaeag 34A435 359404 YOS 2Y3 pue PAYSIIIPN (PIvampaadxa yd|ny MnuLeN ¥IS-vasn
2yl uo $aunIdnIys Bugansesw P2(1043U03 wWOJ; $PJ03As Jjouna 4O UOLIPAIPAT  SPaYSJIIeM |[Pana L{Pus J04
syead pooy; 31e343534apun 03 Saeadde (8261) 21520y 4q Pado(343p poyjau £3uanbaay poo; 1euo)bas ay)

AYNBINS

*e1Pp 3360104pAy 3enbIpepu; Bugsn pandwod asoyr uey) ETREITIIT
~J319p 2400 yInw 40 SUOYIL(AILEY Iyayy pup $4033e) £33j05 yons asn op vaiso s433utbua |eanydonaig

*3I0W13$3 O 540443 paysy |qnd
$,9%5908 U0 pawasad am Idwexa ayl yym 31Q33¢dw0d 5y anjea syyy o I0qe Jo J033ey £13405 © Aq oy
-enda ayy £)dj3qne PINOYS ¢ Y31 u) $23ubysIP poys.ajen LIPS P43 ‘340334243 *9 614 wos; Suvadde 3

"uoLIenda soon Iyl
©0J4) anjea 3y) samyy d3uy) §3 SI4l  °*10(d Aduanbas; pooyy poeh Kaaa o 04} $3D OOp'9 j0 0010 © payedjpu)
‘PJ03dJs Jo saeak gb YIpn *ip *bs 2°¢ auo sy ‘duld esosdpuod Ul PaYSJIIeR a3yjouy  *3adnd S9sn Ay ueyy
43461y 205 1s0mte UOLY o Jaeh supak 02 40} pabeb 3uid esouapuod U} PaysJatem “tw *bs pe| © ‘330 ug

*IMIND £ Y34 paz)|Paduab sy 03 uey)
9 °613 vy smouse 3y3 jo doy 243 03 3330(3 3q 03 paIdxa o 2405349y3 6w sanjea ubysag *uoy 10z jueqan
40 *speos *3saasey Joj uopyeiabas JO PRI 3q (14 SPIYSIAIEN Lupw ‘ ududoaadp auning o snedog

9 544 vo umoys ¢ w3 40; 2asns SIS0 343 03 35013 Ataye; ayj squjed ano; asaua "l"‘-’“
e se pue ‘sysfeue Ja3ndwod yypm U3aq Ay pinoa £ay3 se yanu se P2IPtju} J0u aaem sajeuyysa 00lp gy
*3018 ALavanbasy ysea vo AUl © buytipg-ala vayn 431300 UP e JeyMawos PIeall 2q oy PPy A3 O6f ay)
*535ed yons uy  *(umoys 10U} j01d Kouanbasy pooy; yaed uj PuJl (es2ua5 ayy aaoqe Kypayaew pa130(d pooyy
061 243 043 moys pyp g *633 uy ($10quks p}os) *spaysuajem 4n04  *uojienbd ¢ y44 Yy yum paiewy 152 ag
pLnom veyy 4a3easb x0p Inoge S1 "$J2 009*2 ‘auyd @50Japuod pavujy) sabse| omy Yy jo abeadae ayy -s3ps
-35 A4)uUd Ayl wouy 1s3buey xys 431 jo 4noj dn Ixew du)d esosapucd pauuly) Jo auid esouapuod uy sabaeyd
-SIp 3ead Ieyy osye adyjoy *(9 *by3) sabaeyss)p 1°3d ay3 jo 1sas ays £q paysyqeise Ut ay3 buoye
S31L ‘paussaren ‘ju *bs gz SN 4oy puodas 403k 07 ayr uy 353B4v| Byl *aAd gL dyy “iudae 061 3
InoyIn LIRS patem|ISa uaaq aaey plaow s, 00IY JPLIUIS £J3K  *SPOD|S 420 JO pudsy |puduab 243 450 1014
10U PIP BOOLS SIYI INQ ‘061 G 43g321d35 Jo pooy) 43 papn1dul bupnd aras Jagze eaep ayy 40 |y

Ssyead P3124paad vy pared)puy abueyd abaey ayy UrY3 $S3| Joj 3(Qjsundsau aq few UdWIPdL) Yy pue
‘424312603 423013 aq 6w 3,001 3 juauirasy-1s0d PuR-34d 3334403 340§ ‘ujeIJIIUN Bsp San|ea as3y) Joy
$301d Aduanbauy pooy; ayy *psodas J0 POjSd Juoys K13A)y0 (3 oy JO 3PP ‘J3aamoy  *$d 002t 01 s3>
562 woay 001y an pabueys aujd esosapuod bupaang 2035 ‘IS |eus By3 *pays.ajem “je *bs £°0 y3 up

TSaWEY (°Z JO J0102; v 3noge jo 00lp uy 950340u) U} Surdd YIUM 535 0gos*z Inoge 30 00y juamieasy
-433j¢ (esauab 2 Bupiedypuy -- 539 008‘[ 4340 PUR 000°2 J3A0 - 4331p Bujuuiyy 4330 payssajes 42bae
PuR pazys 3je|pasuaug ayy e saniea 000 p ySnoy3te *Kiaegjuys *4030d(pu} d(QP} |34 dou b Sy 3530 000° 1
nogqe 3o Buyuuiyl Iuojaq INPA 0PI} JuOS sdeysdg  *spaodas 40ys ©OL) uOpIPW|ISY $0 Ibuvas P
=130 Y1 saz)seydo payssaies Jabaey £Q3uby s 24y Joj P41 R013q Joj S5 JWHIRIIY Bujuuyyy YY 340)33

pdes



PRty

Paan e e

REFERENCES

Brown, H.E., Baker, M.B., and Rogers, J.J. 1974, Opportunities for Increasing Water Yields and Other
Multiple Use Values on Ponderosa Pine Forest Lands. USDA Forest Service Research Paper RH-129,
Fort Collins, CO, 36 p.

Clary, W.P., Baker, M.B., and 0'Connel, P.F. 1974, Effect of Pinycn-Juniper Removal on Natura) Re-
source Products and Uses in Arfzona. USDA Forest Service Research Paper RM-128, Fort Collins, CO,
28 p.

(:unmaneg C. 1978. Unbtased Plotting Positions - A Review. Journal of Hydrology. Vol. 37. Mo. 3, p.
205-222.

Keppel, R.V., and Renard, K.G. 1962, Transaission Losses in Ephemeral Stresn Beds, J. Hydraul ics
Div., Proc. ASCE BH(MYJ)}:59-68.

Lane, L.J. 1972, A Proposed Model for Flood Routing in Abstracting Ephemeral Channels. Hydrology and
Water Resources in Arfzons and the Southwest, An, Water Res. Assoc., Ariz. Sec. Arfz. Acad. Sel.,
Hydrology Sec. Proc. 2: 439-453,

Lane, L.J., Diskin, M.H., and Remard, K.G. 1971. Input-Output Relationships for an Ephemeral Stream
Channel System. J. Hydrology 13:22-40.

Lane, L.J., Osborn, H.B. 1972. Hypotheses on the Seasonal Distribution of Thunderstorm Rainfall in
Southeastern Arizona. Proc. Second International Symposium in Hydrology, Fort Collins, €O, p.
83-94.

Osborn, H.8., and Laursen, E.M. 1973. Thunderstorn Runoff in Southeastern Arirona. J. Hydraulfcs
Div,, Proc. ASCE 98(HY7):1129-2245.

Reich, B.M. 1976. Magnitude and Frequency of Flcods. Critical Reviews in Environmental Control, Vol,
6, Issue 4, p. 297-348,

Reich, B.H. 1979, Rainfall Intensity-Duraticn-Frequency Curves Developed Frem, Mot By, Computer OQut-
put. Transportation Research Record. 9 p.

Roeske, R.M. 1978, Methods for Estimating the Magnitude Frequency of Floods in Arizona, Final Report
ADOT-R5-15-12) U.S. Geologica) Survey, Tucson, AZ, B2 p.

Williams, G., Gifford, G.F,, and Coltharp, G.B. 1963. [Infiltrometer Studies on Treated Versus Untreat-
ed Pinyon-Juniper Sites in Central Utah. J. Range Hanage. 22(110-114).

Willisms, G., Gifford, G.F., and Coltharp, G.B. 1972. Factors Influencing [nfiltration and Erosicn on
chained Pinyon-Juniper Sites in Utah. J. Range Manage. 25{201-205).

%

. compypre.

PR



