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DETERMINISTIC HYDROLOGIC MODELING OF GRAZING
SYSTEM IMPACTS ON INFILTRATION RATES!

o G. I Gifford and R, 1. Hawkins?

ABSTRACT: Technigues for predictiog the hydrologic elfects of rrazing schemes have hereto-
fure been unavailable.  The available literatuse on grazing intensity influcnces on intiltration
rates is used as a basis Tor g model of intiltraion behaviog in fesponse to grazing systems, Back-
ground, development, cautions, and an exampie are given.

(KEY TERMS: grazing: infiltration; models: hydrolugic; environmental impact.)

INTRODUCTION

Grazing is a widely applied usc of the vast wildland resources in the western Unite :
States.  Although both cattle and sheep have been grazed since the lirst settlement:.
appreciation far the hydrologic impacts did not begin until shout 1930, and despite 102
long period of use, little is specifically known regarding the hydrologic impacts of erazing,
The applicd hydrology techniques for dealing with the question are both primitive anl
poorly Touaded.

Grazing systems are in current widespread vogue for their anticipated beneliis in bo: .
animal production and long-term forage production and condition. These systems are
speciatized plans of grazing management detined on recurring periods of grazing and o
ferment for two or mure land units. There is essentially no coherent bady of litziatu:e
on the hydrologic impacts of these grazing systems, although Guttord and Hawkins (197 s
have recently completed 4 critical review ol some of the component problems. A de
Lailed review of the management systems themselves is given by Hickey (1977).

This paper presents and examines a model synthesized around grazing intensity as 2
key input to impacting infilteation rates on grazing system pastures. These rates may he
compared on a “belore and alter™ basis (v evaluate proposed grazing schemes. and wits
design rainlalls, converted to runoft volumes and rates for hydrolugic comparisons.

BACKGROUND

A widely used descriptor of grazing activity is grazing intensity. As shown in Figure 1.
it may be envisioned as a treatment, or rate of utilization of range forage. In the shor

"'Paper No. 78095 of the Water Resources Bulletin, Discussions are open until April 1, 1980,

2 Assaciale Professurs, Watershed Science Unit, College of Natural Resources, Utah State Univer-
sity. Logan, Utah 84322 (RHH also Hydrolugist, Southwest Watershed Research Center, USDA, SEA.
Tucson, Arizona 85705 (Sabbatic appointiment, §977-78).
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fun, grazing intensity is a description of the fraction of the current years’ forage pro-
duction utilized, as delined by sclected key plant species. Over a longer Lime perspective,
it is related to the general health or vigor of the same key species. Intensity is commonly
reduced to four categorics: ungrazed (rest), light, moderate, or heavy. [t is locally de-
fined and usually subjectively evaluated. As shall be seen, hydrologic identification has
been linked to grazing intensity classifications,
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Figure 1. A Diagrammatic Represeatation of the Concept ol Grazing Intensity.
(Note that intensity is detined on the fraction of key species lorage growth
consumed vver the dugation ol the activity, regardless of the input status of the
interim rate of forage consumption. The path taken from “A™ to “B" is unim-
portant. The boundary locations between the intensity classes are chosen lo-
caliy, as are the key specics, utilizing professional judgment of local ceology.)

The literature on grazing intensity influences on infiltration has been reviewed by
Gifiord and Hawkins (1978). Results from numerous studies have been evaluated, and
only those data which were drawn from either actual rainfall or rainfall simulator experi-
ments were used (this excluded flooding and soaking type experiments), and turther
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winnowed to include only estimates of final near stable or fong term constant rates. It
is important to realize that the total infiltration x:nlmncs and the constant (end-olrung
rates provide different results for the evaluation of grazing, with the latter being the least
sensitive, and perhaps even a poor evaluator of grazing impuct in many instances. These
data were studied for general relationships, and the following findings are relevant to this
paper:

I. There is no statistical distinction between light and moderate grazing inte
observed in the associated infiltration rates. They may be combined,

2. There is a distinct influence of grazing intensity on infiltration.  Heavier grazing re-
sults in lower infiltration rates. As a general statement, moderate or light grazing reduces
infiltration capacity (o about 3/4 of the ungrazed condition: heavy wrazing reduces it
further, to about 1/2 of ungrazed.

3. Definite correlative relationships exist between infiltration s
grazing intensities. These are:

nsities as

ates under different.

fu = 0.281 + 1025 l'm“ (l
l'h = 0405 + 0.374 "m/I {2

with all dimensions in infhr, and symbols as defined in the Table of Symbals,

Statistical information onitems 1 and 2 above are given in Table 1. Figure 2 shows the
g 8

Jeast squares fits relating infiltration rates under different grazing intensitics as referenced
to 2 combined light moderate intensity.  As shall be seen. these form a hasis for o gazing
systems impact model.

TABLLE 1. Results of Paired Data Analysis: Infiltration Rates (infhr)
Associsted with Grazing tntensities,

Grazing Intensitics

Uingrazed Light Moderate ticavy N N P
Lot er.om 1.16 (0.6t 13 264 v1.9
£7900.73) 1.48 (0.50) 25 L) 99.0
1.47¢1.01) 11.7900.43) I$ 3.06 99.1

1.4310.32) 1.56 (0.44) i) -1.32 8.0

L0 0.61) 0.8210.42) 1?7 216 95.3

1.4510.49) 1.12¢0.29) ) 2.32 95.5

1.6210.82) 1.30 (0.61)° 3 321 99.7
L13 w6 0.520.42) 17 224 96.1

NOTES: Tabdle shows the mean infiltea tion rate ininches pee hour with the standard deviation in

Parentheses. 1" statistic caleulated by paired ditTerence test. P s the probibility in <% usso-
ciated with the “t* statistic (two tailed test). Starred (*) items are Tor light and moderate
vombined duta. Souree: Gitford and Hawkins, 1978,
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. Deterministic Hydrologic Madeling of Grazing System tmpacts on Infiltration Rages

MODLEL FORMULATION

The modet is a march of infittration capucity with time for a representative pasiure
a grazing system, The synthesis of the grazing intensity impacts proceeds from the HEISE
tical relationships revealed in Bquations (1) and (2}, combined with assumptions of hpeys
impact and recovery.

First, the specific infiltration 1ates identificd by design grazing intensities prov:es
boundaries between which all oceasions must fall, and 1argets towards which rates Wl
respond according to applied grazing intensitics. These rates are defined by Equatiors
(1) and (2), and on the basis of current infiltration status and grazing intensity (both user
supplied).

Secondly, response to impacts (a targeted reduction in infiltration) is assumed to oceLs
lincarly and in entirety over the grazing ¢pisode duration, Although this does nut vioz:s
the hiterature lindings, it arises largely by delault, and by a defi
i, Vistually all studies on the topie have ignored the
tensity impacts.

Third, recovery (a targeted increase in infiltration) is assumed to oceur lincasly
chiracieristic recovery time, T, Literature reference to this is not common, but
available, has been found to be from 2 years 1o more than 13 years. Some Jute sheas
essentially no recovery with time, suggesting either that the recovery coeflicient shoyis
‘ be even Larger or that in some instances grazing may have no measurable impact on in:i.
) tration rates. The recovery time can be easily visualized as a function of the land e,
range condition, intensity of use, and climate. The algebraic expression of the reconan it
given as

cit of countrany infores..
time dimensions of grazisyg .

LLLE S
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b
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F= 0y (= 1)) &)

with symbols as defined in the Table of Symbols. Note that in some grazing schemes. :
period of rest less than the recovery would not allow restoration to an ungrazed siatus,
For example, a rest (no grazing) period ol 1,2 yese on 1 site with a recovery time T oo
4 years would recaver only 1/8 of the loss.
further recovery (past the Lrrget) is passible.

The model proceeds sequentially, impacting and recow
tules, and as outlined in the lollowing steps:

Also, after the target rate is sttained, ne
ennge according to the aboese

L. The grazing system 10 be evaluated is defined in terms of grazing intensities ana
dccompanying durations.  As most systems currently populur prescribe discontinuous and
stdden short term harvests of a high fraction of accumulated forage, such grazing periods
may be validly classed as “heavy™ intensity,

2. Given an initial infiltration rate and grazing intensity, target rates are established
directly, or calculated.  For example. under maderateflight grazing, the target rates fi
both ungrazed and heavy situations are caleulated from Equations (1) and (2).

3. The impact or recovery from the fiest time clement is then caleulated.  For
example, with an initial moderate/light infiltration rate, if the first period is of heawy
Erazing, the impact occurs linearly over its duration. 1If the first period is a rest period,
récovery oceurs over its duration in accordance with Equation (3): If the first

periud re-
miesents oderate/light grazing, no change occurs,
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4. The output from the above is uscd as the input for the next grazing period, again
following the same rules. This is repeated for all periods throughout the cycle. The out-
put is a matrix of times and infiltration rates.

5. The procedure is repeated over several cycles, until an equilibrium status results,
in which the initial rate at the beginning of the cycle equals the final rate at the end of
the cycle. This usually occurs after two cycles.

6. As desired, cither average overall infiltration rates or average scasonal (summer rain-

storm) rates may be calculated and used in evaluating hydrologic response.
The general procedure is given in flow chart form in Figure 3, and an example with notes

is given in the following section.
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AATE, "1 AND GRAZING INTENSITY
SELECT RECOVERY VIME, °T

_

CXPRESS GRAZING PROGRAM 1N TERNS
OF OURATIONS IN YEARS C1g), AND
GRAZING INTENSITIES (REST/UNGRAZED,
MODERATE /LIGHT, OR HEAVY)

“ny ACTIVITIES m:n: .q.. YEARS
€STABLISH TARGLT RATES FCR GRAING
INTENSITILS FROM REGRESSIONS

|

CONSIDER FIRST ACTIVITY IN CveLE
|
'
1S TaRGET RATE (1) GREATER es

e THAN PACSENT RATE (15} ° _

?
® LingaR RECOVERY

e LingaR IMPACT
CONMPLETED OVER GRAING PAGPORTICNED 2AVER
NG ACTIVATY DURATION

4 ACTIWITY DURATION cRal:
e, bot adt =0 30 LEE}
1] ] Ll

1 9
¢ ol T
4 _l.|| PRINT ELAPSED TINE ANOD ¢ -—
¥
zo“‘l r»mnrn:s:.x?nrn.» |||“ .nm

CONSIOER NCXT DOES ¢ AT S$TARY OF CYCLE

ACTHIVITY a8 CTCLE :o_ «4 AT END OF CYCLE?

STAGLE CYCLE ATTAINED
CALCULATE AND PRINT
AVERAGL RATES as$ OESIRED

_

tND

YES

@ INCICATES PROCESS WAY BL WGDIFILD AT USLA orvion
® & walwn 1 of, IPCCIAL STEPS ARL AEGWALO O AVOID RLCOVIAY PAST TARGEY AaTL.

Model




AN

Ar A

z : by
A, L _v:‘g_;vl
sy iy SN AL e QA
LA AT e 3
BN n-‘:'.;&vf..""‘ '

‘ic{':_s:)"v LN

Deterministic Hydratagic Modeling of Gezimg System Topacts on tntilteation Rates

EXAMPLE

Given g range site under current maderate or light grazing, its current representative
wlilation sde is jodged to be OO indhe. A grazing system ol the fullowing structure i
proposed (see Table 2):

1. From Equations (1) and (2), and knowing L/t = 1.00 infhe, the following rates
for ungrazed {rest) and heavy situations are calculated:

-
0

1.31 in/hr
fy, = 0.78 in/hr.

2. For the initial rest period, infiltration recovers toward an ungrazed target ol 1.31

in/hr. The recovery time T is taken as 4.0 years. The infiltration at the end of the period
is calculated as:

= 1.00+(0.25/4) (1.31 —1.00) = 1.02in/hr.

3. For the heavy grazing period, the infiltration is reduced to the target value o1'0,78
in/lr linearly over the duration of the activity.

4. The 2.00 year rest produces recovery towards the ungrazed target of 1.31 in/hr.
Qver the two year rest. this recovery is:

= 078 +(2.00/4.000(1.3! -0.78) = }.04in/lr.

3. The 0.25 year of heavy grazing causes infiltration reduction to the heavy grazing
target ot 0.78 infhr, lincarly over the 0.25 years duration.,

0. The 1.25 yeur of moderate grazing causes infiltiation to muve towards the moder-
ateflight target value of 1.00 infhr, linearly for 1.25 year proportioned over a d.year re-
covery time:

£ = 0.78+(1.25/4.00)(1.00 - 0.78) = 0.83 in/hr.

TABLE 2. Example Grazing System.

Date .

.. Duration

From To (yr.) Activity
1 April 1 July 0.25 Rest
1 July 1 October 0.25 Graze Hegvy
1 October 1 October 2.00 Rest
1 October ! Junuary 0.25 Graze Heavy
1 January 1 April 1.25 Graze Modcerate

One complete grazing cycle has been simulated. A second is computed using the last
period outpust (0.85 in/hr) s input to the first period of the sccond cycle. The second

930
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cycle is stable: the final rate is cqual to the initial rate. The results are sununarized in
Table 3, and shown graphically in Figuse 4.

TABLE 3. Summary of Model Output for Example.

Time (year) Inf. Rate (infhr)
Date Cum. Ine. Activity | 1
1 April 0.00 1.00 0.85
0.25 Rest
| July 0.25 1.02 0.58
0.25 Graze Heavy
§ Oclober 0.50 0.78 0.78
2.00 Rest
1 Oclobies 2.50 1.04 1.04
0.25 Graze Heavy
| January 2.75 0.78 0.78
1.25 Graze Moderate
1 April 4.00 0.85 0.85
Intiluation Rates:  Anaual: 0.87 in/ir
Summer Oaly:  0.90 infhr
“ES'.?c::\l:s REST ?,?;ﬁ.z,s GRAZE MODERATE
|' -+
ozs]ozsl 200 0251 12%
13 t, 2130 IN/HR D
? (4 d g
z
g e
L=
« R
"of 1100 IN/HR
9 miL
3 oo} :
; /)
$: osf .
= e hd 1, 5078 /nR
orf <
o? L 1 1 i 1 1 $
[+] 2 3 4

TtME - YEARS

Figure 4. Graphical Representation of the March of Infiltration

Rate with Time lor Example Situation.

From the stable cycle, average rates for either the entire cycle or specific season (such
as summer rainstorm periods) may be calculated. As shown in Table 3, this amounts to
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Gitford and Hawkins

longer episodes. This situation, while more in keeping with hoth reason and intuition, is
completely unsupported by any known ficld data. Also, usage would require cstimates
of 7.

Other options which might be exercised upun the user’s judgment for specific situa-
tions might be (1) 1o effect no change with moderate grazing in recognition ol a com-
monly held (but unsupported) belief that s moderate land use is neither destructive nor
benelicial to the environment, or (2) to program recovery in an exponential fashion as
the abuve discussed impact modeling.  Stochastic effects might be achieved by casting
scasonal or long term recovery as a function of interim precipitation, which is also a
generally unsupported idea.

SUMMARY

The hydrologic efTects ol grazing systems has been largely ignored in previous research,
and thus their environmental impacts cannot be safely predicted from a basis ol ex-
perience.  There is, however, a Iimit%d information resource on the association between
grazing intensity and infiltration.  Utilizing these data, and making several necessary link-
ing assumptions, a model of infiltration rate with time is synthesized. thus approximating
the hydrologic influences of any propuosed grazing system. Alternate assumptions of im-
pact and recovery may be utilized in the model to meet user judgment or special needs.
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TABLE OF SYMBOLS
The following symbaobs are used (1 in = 2,54 cn)e
U = bnal o long term intdication sate tm/hnd

As subscripts on 1t

1] = al the beginning o' a period O present™)
¢ = at the end of o petiod

t = targen

h = wndern heavy grazing intensity

m = under moderate gruzing inteasity
1 = under light grazing intensity

winder rest comdilinns Cungrazad ™)

mfl

T = lincar recovery time, years
t = activity period duration, vears: also showa as L,

T =2 (Lau) exponential recovery tane constant, years

Deterministic Hydrologic Modeling of Geazing System bapacts on Infiltestion Rates

e AR

under muderate or fight prazing inlemity; combined becaase the two intensities o2
hydrotogically indistinguishable based on constant or acar-coastant inlilirztion rago



