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ASSESSING ARID RAHCELANO HYCPOLOGIC RESOURCES1

Gary U. Frasier, Kenneth G. Renard, and J. Rooer Simanton2

Abstract.--One approach for evaluating the consequences
of various land management practices is to use computer rod-
els which are verified on selected highly instrumented
representative areas. The input variables to the node's are
varied and the effect of the changes observed. Models dis
cussed include precipitation, runoff, and erosion processes.

InTROOUCTIGN

The arid rangelands of the world have a past
history of land misuse coupled with low precipi
tation and a general low soil fertility. These
lands represent a sizeable portion of many coun
tries, and with proper nanaaement techniques, can
provide significant quantities of food and fiber.
With the fragile ecological balance of these
areas, inappropriate range management techniques
can cause Irreversible damage to soil resources
which are often critically Uniting. The present

relatively low economic value of these lands pre
cludes extensive onsite assessment or field-scale
testing of the multitude of alternate uses or
management practices 'or their potential effects

on the hydrologic resources.

C«:cuti»r simulation 's a technique which
persiti i rapid evaluation of various prososed

land management practices. Models are developed
and verified from data collected on selected

highly instrumented representative areas. With
the models verified, the input variables reore-
senting proposed range improvement or iianagenient
practices are selectively varied and the hydrolo
gic effects of the changes observed. Hydrologic
models range from relatively simole statistical
approaches to highly complex mathematical rela
tions. The success of any rodel for predicting
the effects of nanagenent oractices depends uoon
the validity of the basic conceots and the abili
ty of the model to describe conditions at ungaaed
sites, following ?s a limited discussion of some
of the models used for representing preciottation
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variations, surface runoff, and soil losses hy
water erosion.

PRECIPITATION

The limited rainfall in arid . lands is a
result of many comolex atmospheric processes. As
a result, the rainfall over a given area <s
extremely variable in quantity and intensity, hoth

In time and space. An accurate physically based
model of rainfall processes is not present'v
available. Thus, statistical models develooed
from historical precipitation records ara uspi
most freouenrly (Renard and 3rakensiele, 1975).

Prooability Horte?

In -aany places of the world, it has beer
shown that a simole Martov chain probability -eeel
can be used to indicate the freouency distribution

of rainfall events fCaskey. 1°53: "eyerherr. am
Bark, 1965; Gabriel ami Neumann, 1962; Hershfielc.
1970; and Woolhiser et a!., 19721. This sode'
assumes that the probability of rain occurring en
a given day is only a function of the occurrence
or nonoccurrence of rain on the previous day.

Smith and Schreiher '1973. 1?74) were able to
show that these simole Hartov chain imdels ccu?d
describe the probabilities of the number of »*»t
days in the summer thunderstorm season Mune
through September) in southeastern Arizona («q.
1), and the total summer rair.fa'l fig. ?\. This
tyoe of information is «ise*u! *r.r the selection c*
ranqe plants which niqh- »ave soeci^c -mistyro
requirements during tne <jrnn'-r.a season.

Sy considering stonas of sizes above sor«
required threshold level. Smith (1574) showed ft
was possible to estimate the frequency of stora
events of various sizes. Probability uodels, whfie
relatively simple, do have the disadvantane of not
heing able to anticipate on a yearly basts the
extreme events or periods caused by short tern
climatic fluctuations.
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Figure1.—Predictedandobservedcumulativedis
tributionofthenumberofMetdayspersea
sonatTombstone.Arizona(fromSmithand
Schreiber,1973).
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Figure2.--Measuredandsimulateddistributionof
totalsunmerseasonalrainfallatTonestone,
Arizona(fromSmithandSchreiber,1974).

SimulationModel

Inmanyareas,itsaybedesirabletoextend
pointrainfalldatatolareerareasandsredict
thearealdistributionofrainfallquantitiesor
intensities.OsBornetal.(1980)develooeda
csraoutermodelforsiawlatfngrainfalloccurrence
andamountonungagedwatershedsInArizonaand
Newlexicoupto53mi*insizewithelevations
between1000and7S00feet.Themodelwasdevel
ooedusingavailablerainfallrecordsfromUSDA.
ScienceandEducationAdministration(SEA)exper
imentalwatershedsandtheNationalWeatherSer
viceraingagenetworkinArizonaandNewMexico.
Thismodelcangeneraterainfallinoutdatafor
useonungagedareas(withinthemodelverifica
tionarea)whereactualprecipitationdataare

limited.Modeltestingh?.%shownthatitre"ro-
ducesstormcharacteristicsforbothaimassand
frontal-convectivethunderstorras.

Figure3showsastomeventontheWalnut
GulchexperimentalWatershedinsoutheasternAri
zona.Therainfallmodelcansimulatethistype
ofstornandestimatepointrainfallforanyloca
tionwithinthesubwatershedoratotal"vo'uiis?
acrosstheentirearea.Thismodelcanalsosimu
latestormcellmovementacrossthewatershedand
multiplestormeventswithina2«-hourperiod.

Figure3.—Isohyetalnapofthe31August1968
stormonaWalnutGulchwatershed.

Simulationmodelsareusefultoolsbuthavea
disadvantageofreouiHrvjre!ative?ytargecompu
tercaoacities.Witnthes<™'»t'onprograms,It
IspossibletodeteramesrobaiiUtydistribution
functionsofsointr&'r.fii]orisohyetalprojec
tionsofseasonalorannualprecipitation.

RUNOFF

Runoffpredictionproceduresforagiven
amountofrainfallhaverangedfromsimpleto

ratherdifficultandcomplicatedtechniques
(Renard.1977).ProceduresusedattheSouthwest
Range!andWatershedResearchCenterincludethe
SCScurvenumoermethodandthemoreinvolvednon
linearkinematicrunofnodeIswhereaninfiltra
tionequation<susedtoestimateorecipitation
excess,andthisruno'fisthenroutedoverolanes
tochannels(Lane«al.,1978).

SCSCurveNwrber

TheU.S.OeoartmentofAgriculture.SoilCon
servationService(SCS)hasdeveiooedarunof*-
prsdictingmodel(curvenumber)basednotonlyon
rainfallarounts,butalsoonwatershedcharacter
isticssuchassoil-covercomplexesandantecedent
moistureconditions.Thehydroloaicsoil<jroups
aredividedintofourclassesbasedeninfiltra
tionandsoilwatermovementcharacteristics.The
covergroupsaredeterminedbylanduseandtreat

mentclasses.Landusevariesfromrowcropsto
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dirt roads with rost of the divisions associated

with various agricultural uses. Treatment classes
consist of straight row cropping, contouring, and

terracing. The land use and treatment of an area
are further divided into three hydrologic condi
tions—poor, fair, or good. Knowing these water
shed characteristics, one can, by using tables
and graphs provided in the SCS Hydrology Handbook
(USOA, SCS, 1971), determine a watershed runoff
curve number (CN). From this curve number, the
watershed runoff can be determined for a given
rainfall amount. The runoff from the curve num
ber procedure can be computed by the following
equations

2

(1)
P ♦ 0.8S

(2)

where Q is the runoff in inches, P Is the rain
fall in Inches, and S is the potential maximum
retention.

However, when the curve number method was

applied to small plots on a semiarid rangeland
watershed of southeastern Arizona, the runoff

predicted using handbook curve numbers under

estimated actual runoff (Sioanton et al., 1973)
(table 1).

Table 1.—Runoff curve numbers developed for Wal-
Wainut Gulch plots*.

Plot group Land use curve,,
7aole derives Data cerived

Kendal1 Ungrazed

(grass)

Kendall

(grass)
Lightly

grazed

Lucky Hills Ungrazed
(brush)

Lamb's Oraw Grazed
(brush)

79

79

87

81

curve

nu:roer"

ST

9«

91

86

'6- x 12-ft plots.

Froa tables In Hydrology Handbook .'USOA.
SCS. 1971).

3

Actual rainfall-runoff data fitted to the
curve number eauat:on using the technique of

least squared deviations.

The differences between the estimated and
actual curve numbers from the plots were attribu
ted to high rainfall Intensity, absence of drain
age networks, and the impact of snail differences

In antecedent soil moisture. In other climatic
regimes, when rainfall Intensity does not domi

nate the Input to the hydrologic response of a
watershed, the curve number model can be very
useful in estimating runoff differences resulting

from watershed

Partial Area Sunoff

Hydrologists and engineers in the past have
generally considered that runoff for a particular

precipitation event was produced uniformly from
the contributing watershed. Such assumptions wens
required because of the conolexity of the process
es and difficulty in solving equations to describe
such processes. An assumption of uni'orn runoff
nay be adequate only when very snail areas (I.e..
< 1 acre) are involved or when the watershed is
relatively homogeneous. This assumption is ooor
in arid and semiarid areas where the spatial vari
ability of precipitation is dramatic (e.g., vhere
air-mass thunderstorms are prevalent) and where
the heterogeneity of the watershed is great.
Recent Investigations by Hewlett and Troendle

(1975) and Lane et al. (1978) have Illustrated the
inadequacy of this assumption. The importance of
partial area runoff knowledge is most significant
In water quality programs.

When larqe watersheds are involved, the run
off from small watersheds must be routed to down
stream points using the runoff estimates from

small watersheds and the hydraulic conditions of
the channel systems Involved. In many ephemera'
streams, runoff losses due to infiltration in the
dry streanbed can drastically alter the hydrograph
shape and runoff volune (P.enard, 1977).

EROSION

Erosion mode's can be very useful fn estima
ting the soil resource loss or conservation asso
ciated with different management or cultural prac
tices.

Universal Soil Loss Equation

One model widely used throughout the United
States and other parts of the world is the Univer
sal Soil Loss Equation (USLE). The USLE. develop
ed by Vischmeier and Smith (l?7fl), is Intended to

estimate the long-tens averaqe annual soil loss
from agricultural fields. The equation ts

A-SKLSCP (3)

where A is the estimated soil loss in tons/sere/
yr. R is the rainfall erosivity factor. <C is the
soil credibility factor. L is the slooe

factor, S is the slooe gradient factsr. C :s the
caver and manaqerent 'sctor, and * is the «ros1on

control management factor. These 'actors reflect
the major vanaDJes which influence erosion hy
rainfall and resultant overland flow. The eaua-
tlon is based on plot data collected from areas

east of the 105th meridian In the United States.

Although it Is intended for use beyond the area it

was developed for. special considerations are
required for it to be successful in other areas
(Brooks, 1976; and McCool et al.. 1976).

The parameters needed to evaluate each
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Table 2.--Annual soil loss (tons/acre) from three small Walnut Gulch suhwatersheds

Year

1973

1974

1975

1976

19//

1978

1979

Ava.

R1
factor

64

79

185

30

82

45

25

73

No. 103

Brushland

(9.1 ac)2
Predicted Actual

0.29

0.36

0.85

0.14

0.37

0.21

0.11

0.33

1.21

2.17

3.83

1.08

3.04

0.89

0.21

1.78

No. 104 (V.

Predicted

0.25

0.30

0.72

0.12

0.32

0.17

0.10

0.28

.2 ac)

Actual

0.25

O./S

1.42

0.31

1.33

O.OB

0.00

0.61

R

factor

22
77

S3

114

54

25

26

53

Grassland

No. 112 (4

Predicted

ens

0.22

0.15

0.33

0.1S
0.07

0.07

0.15

.6 ac)

Actual

enn

0.01

0.05

0.37

O.OS
0.00

n.oo

0.07

.R • Hundreds of foot-ton inch per acre hour year.

The watershed has an incised drainage network that contributed considerable
soil loss.

equation factor are easily determined from hand
books and a minimum amount of field work. Factor
values can be adjusted for local conditions, and
a fair estimate of erosion can be made. Simanton
et al. (1980) applied the USLE to three small
watersheds in southeastern Arizona. Comparison
of predicted and measured soil loss are presented
in table 2.

In general, the USLE seemed to over-predict
soil loss for years with snail runoff events and
underpredict soil loss for years with large run-
off events. The USLE can be used to estimate the
impact on soil loss rates caused by changing man
agement or cultural treatments. 8y adjusting the
factors to reflect esti-nated changes in K, C, or
P, i fair estimate of potential soil loss can be
obtained for the proposed cgnagement or treat
ment.

An exanole of such an application is taken
from a study conducted on a 110-acre watershed in
southeastern Arizona. This subwatershed of the

Walnut Gulch experimental watershed was root-
plowed and seeded in 1971 (Sirnanton et aK,

1977}. To help quantify soil loss changes associ
ated with the treatment, the USLE parameters were
evaluated for the pre- and post-treatment peri
ods. Parameter values, soil loss prediction, and

measured soil losses are presented in table 3.

The soil credibility (K), cover (C). and ero
sion practice (P) were the parameters chanqed by
the treatment. The changes in K and C were exoec-
ted because of the disturbance of the soil sur
face and plant cover. The change in P was due to
the root plowing treatment which resettled a con
tour listing treatment 'or which a parameter value

of 0.15 is used. The small difference between
predicted and measured soil loss indicates the
usefulness of the USLE for estimating erosion

consequences of different range manaqeraent pro
grams.

Sediment Yield Equation

.The sediment yield of a watershed Js the sum

mation of the erosion frwi all sources within the

watershed, including erosion from channel Beds and

banis, headcuts. etc., minus the denosition of

sediment between the erosion sources and the

watershed outlet. Deoosition generally occurs

when there is insufficient energy "to transport the
eroded sediments such as occur when land slope

decreases, roughness increases, or as a result of

man's activities which are intended to create
deposition such as bank protection, grade stabili

zation structures, debris or detention basins, and

water storage reservoirs. Thus, estinatinq sedi

ment yield from areas larger than a few acres is a

'aole 3.—USLE and soil loss from a small experimental watershed con
verted from brush to grass cover

Condition
USLE factors

Soil Loss

SL "rsdicted

8 rush

(1966-1970)

Grass

(1974-1976)

(Avg)

88 0.20 0.08 0.90 1.0

47 0.16 0.15 0.90 0.15

.tons/ac/yr) (tons/ac/yr)

1.27 1.67

0.15 0.13
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very complicated problem requiring knowledge of
both the runoff rate and amount and the ability
to assess the erosion and deposition under a wide
variety of conditions within the basin.

Physically based models to predict the many
cause-effect relationships within the basin have
In the past, received only limited attention.
There are, however, a variety of empirical equa
tions which are site specific or have had limited
testing beyond the area for which they were
developed. Thus, these relationships required
froa the user a great deal of familiarity with
the method and the area for which the estimates
were required. As such, the practicing sediroen-
tationist might rore correctly be classified as
an artist in his trade.

Renard (1980) used four sediment yield rela
tionships to compare predicted and measured yield
on nine saall watersheds on the Walnut Gulch
experimental watershed. Of the four empirical
equations used (Flaxnan, 1972; Oendy and Bolton.
1976; PSIAC, 1968; and Renard, 1972), the method
developed by a subcommittee of the Pacific South
west Interagency Comnittee (PSIAC) appears to
give the best results (table 4). Furthermore,
this method, which uses nine parameters, can rea
dily be used to evaluate changing land use or
conservation practices on sediment yield. In the
other methods, Indirect reflections of changing
land use can be made by projecting changes In
runoff or other parajneters which are used to
arrive at the estimate. In all the raethocs test
ed, quantification of tfce changes associated with
land use are truly subjective, and thus, would oe
classified as an art.

Within USOA's Science and Education Admini
stration, a group of scientists and engineers ar«
developing models to assess nonpoint pollution
from both field-sized areas and from heterogene

ous small watersheds. The effort for the field-
sized areas has culminated in a rodel called
CREAMS (Chemical, Runoff, Erosion, and Agricultur
al Management .Systems (Knisel et al., 1980) which
enables simulation of the hydrologic cycle with
analytical routines to account for erosion/sedi
ment yield and the chemicals used in agricultural
areas. The computer program, although quite
Involved, can be used without calibration for pre
dicting nonpoint pollution from many management
systems using parameter values specified in the
user manual. The companion effort for the basin-
size areas is presently in progress.

SUMHARr

The water resource assessment for any water
shed is especially difficult because of the many
differences In the climatic, physiographic, and
land uses affecting the resources. The situation
Is especially acute on most arid and semiarid
rangelands because of a paucity of data. For this
reason, land managers, environmentalists, and
hydrologists are resorting to simulation tech
niques In which models calibrated on areas with
available data are used to simulate the resources
for unmeasured areas. Furthermore, if such cali
brated computer models are physically based, the
effects of alternate land uses or, for example
Improved range management practices, can be evalu
ated with considerable confidence.

Precipitation, a highly variable quantity in
most rangelands, can be simulated '.f some rela
tionships are known for the distribution of wet
and dry days, the distribution of storm depths,
and the di'eoi extent, of individual storms. For
exanale, Markov chain probability acdels have been
widely used to simulate the distribution of wet/
dry days and a mixed exponential distribution for
rainfall depths at a point.

»■«*

Location

designation
Drainage

area

Measured
yield

Predicted yield (ac-ft/n12/vr)
PStAC Oenav/Soltcm rJlam» V,

201

(brush)

201

(grass)1

207

208

212

213

214

216

216

223

109

109

0.49

0.13

0.29

0.19

0.33 -0.180 0.68

274

228

842

394

372

87

208

108

0.11

0.13

0.11

0.09

0.37

0.70

0.51

0.30

0.18

0.16

0.30

0.18

0.38

0.42

0.28

0.29

0.73

0.75

0.62

0.S9

0.70

0.85

0.76

0.83

0.049

0.313

0.142

0.375

0.154

0.249

0.341

0.085

0.61

0.52

0.53

0.58

0.59

0.69

0.63

Converted from brush to grass cover In 1971.
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Assessing the water resources of rangeland

watersheds also requires estimating runoff.
Again, much can be gained with models. The most

widely used technique for such an assessment is
the curve number method of USOA's Soil Conserva
tion Service. The method involves using precipi
tation amounts and a technique for estimating the
associated runoff for various soil/cover coup 1 ex
es. When used and correlated with actual data in

southeastern Arizona, differences between predic
ted and actual runoff were attributed to stona

characteristics and differences in the drainage
networks. With increasing watershed size, addi

tional losses of water In the stream channel
require using increasingly complex methods such

as hydraulic routing of water from upstream

points. This operation can best be accomplished
with computer models.

One of the most widely used soil erosion
models Is the Universal Soil Loss Equation
(USLE). The model was developed to estimate the
long-term average soil loss from agricultural
fields in the eastern United States. Preliminary
evaluation of the model on three snail watersheds
in southeastern Arizona shewed an overprediction

of soil loss for years of small runoff events and

an underprediction for years with large runoff
events. The USLE adequately predicted the soil

loss resulting when a brush watershed was conver

ted to grass. Sediment yield equations that

include all sources within a watershed have

received only limited attention because of the

difficulty in assessing the erosion and deposi

tion under the wide variety of tooographic and

soil conditions which occur In most basins. Of

four equations evaluated, an empirical equation

developed by the Pacific Southwest Interagency
Conmittee best represented sediment yield from 9

small watersheds In southeastern Arizona.

Efforts on developing prediction models for

assessing nonpoint pollution for both field-sized

areas and heterogeneous small watersheds are be

ing undertaken by a group of scientists and engi
neers 1n the USOA's Science and Education Admini

stration. This model Is designed to be used with

out calibration for evaluating the effects of man

agement systems on nonpoint source pollution.

Modeling techniques represent a relatively inex
pensive tool for assessing the present and future
condition of our arid rangeland resources.

RESUHH

La detersrinacion de los recursos de agua
para cual quiera cuenca hidrol6g1ca es espedal-
roente difidl por la diferencia de c11ma, de
topografta y de usos de la tierra que efectan los

recursos. La situadtfn es especial meate a?jda en
la mayor parte de los pastas aridos y semiSridos
por los datos limitados. Por esta razon, geren
tes de la tierra. personas interesadas en el
anoiente, y hidrolffgicos estan recurriendo al uso
de tecnicas de sinvilado'n con model os que son
calibrados para areas con datos disponibles y son
usados para similar los recursos de Sreas sin
medidas. Ademas, si la caiibradoh de los node-
los para uso en calculador son basados fisica-
nente, los efectos de usos alternatives de la
tierra o, por ejerolo, el mejoraaiento de las

practicas de manejar los pastos se puede exaoinar
con considerable confianza.

La predpitadon, una cantidad muy variable

en la mayor parte de pastos, se puede similar s1
se saben unas relaciones como la distribucio'n de
la cantidad de Uuvia y la extend^n de Uuvia.
Por ejenpio, los model os de Hantov de cadena de

proDabilidad an sido usados extensiblemente para
similar la distribucio'n de dias con Uuvia y sin
Uuvia y para distribucio'n exponencial mes'claaa
para el nival de la Uuvia en un punto.

Para examinar los recursos de agua de los
pastos de la cuenca Mdrol6g1ca se requerir esti-
oar el escurritaiento. En esto tact 1 en pueden
ayudar los modeTos. La tecnica usada mas para

estas determinedones es el metado de numeros de

curba utilizada por el Servfcio de Conservaciffn
de Suelos del Departamento de Agriculture de los
Estadps Unidos (USOA Soil Conservation Service).

El cnetado usa la cantidad de Uuvia y la te'enica

para estimar el escurrimiento asociado con varios
conplejos de suelos y cubertura. Cuando se usa y
se correiadona con datos del sudeste de Arizona,
diferendas entre la prediccio'n y lo actual se
atrlbuiien a los caracterfsticos y las diferendas
en el sisteoia de drenaje de la cuenca h1drol£gics.
La - determinediSn de la agua adidonal aue se
pierde en los arroyos requierre el uso de metados
mas cotnplejos como el derrotero mstsmatico de la
agua por los arroyos. Esta ooeradon se suede mas

bien cutipHr con nodal os usando calculador.

Unos de los model os sas usados de erosion de

suelos es la ecuacion universal de perdicion de
suelos (Universal Soil Loss Equation - USLE). El
modelo se desarrollo para estimar el promedio de

teVmino largo de perdidon de suelo de sest>rados
en el este de los Estados Unidos. El ensay preli-
ninarlo de este modelo utilizo tres peauenas cuen-

cas h1drolfig1cas en el sudeste de Arizona y resul
ts en una alta prediccion de suelos perdidos para
anbs can__ pequenos^ escurrimientos y en una baja
predicdon para anbs con grandes escurrimientos.
La USLE adecuadamente predico el suelo cue se
pierde cuando una cuenca hidrologica cubierta con

arbustivos se fue convertjda a una cuoierta con

zacate. La ecuadon de producdo'n de sedinento
cue abraza todas las fuentes entre una cuenca
hidrolo'gica a redbido solaoente poca atendo'n por
la dificultad de detemrlnar la erosion y la disoo-

sici6*n por la grande variabiUdad de condiciones
topograficas y de suelos que ocurren en la oajor
parte de las cuencas. Oe las cuatro ecuadones
examinadas, una ecuadon enoirica desarrollada cor

el Courtte Interagenda Pacffico Sudoeste (Pacific
Southwest, Interagency Committee) represento tnejor
produccion de sedimento de nueve pequenas cuencas
hidrologicas en el sudeste de Arizona.
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f Esfuerzasj>ara el desarrollo de modelos para
areas del tamano de sembrados y pequenas cuencas
hidrol5gicas heterogeneas se a eraprendido por un
grupo de cientificos y Ingenieros de la Adminis-
tracion de Ciencia y Educacion del Oepartamento
de Agricultura de los Estados Unidos (USOA Sc1-
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