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C'.il lord and Hawkins

run. grazing intensity is a description of the fraction of the current years' forage pro

duction utilized, as defined by selected key plant species. Over a longer lime perspective,

it is related to the general health or vigor of the same key species. Intensity is common!)

reduced to four categories: ungrazed (rest), light, moderate, or heavy. It is locally de

fined and usually subjectively evaluated. As shall be seen, hydrologic identification ius

been linked to grazing intensity classifications.

TIME

1. A Diagrammatic Representation of the Concept of Grazing Intensity.

tNotc that intcasity is Jcfincd on the fraction of key species forage growth

consumed over I he duration of the activity, legardless of the input status or the

interim rate of forage consumption. The path taken from "A" to "U" is unim

portant. The boundary locations between the intensity classes ate chosen lo-

caliy. as are the key species, utilizing professional judgment of local ecology.)

The literature on grazing intensity influences on infiltration has been reviewed by

Cifford 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 Hooding and soaking type experiments), and further

_ ■ . '-' ■■ .'V* :...-rit.- '• .'rf.i1



Oclcrniinivlic liydriilo)>ic Syslcm hnp:uls .in lnlilli:itii>n KaU-\

•V. ■■ ^.v'■■<:?*■?.■■■■'•'■ .-^

winnowed to include only estimates of final near stable or long Icrm constant rates Ii

is importanl to realize that the total infiltration volumes and the constant (cndof-iunt

rates provide different results for the evaluation nf grazing, with the latter being the least

sensitive, and perhaps even a poor evaluator of grazing impact in many instances. These

data were studied for general relationships, and the following findings are relevant to th;s

paper:

1. There is no statistical distinction between light and moderate grazing intensities as

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 to about 3/4 of the ,,,,|Ua/.ed condition: heavy grazing reduces ii
further, to about 1/2 of u 11 grazed.

3. Definite correlative relationships exist between infiltration rates under different
grazing intensities. These are:

:es

fu =0.231 + 1.025 fm/|

■"•• '•«'.;•■.. ..
fh = 0.405 + 0.374 f

in/1

...:.•?:•}-

' '■ *'■ " tri-- ~

•*> *:" -■.

with ail dimensions in in/hr. and symbols as defined in the Table of Symbols

Statistical information on items 1 and 2 above are given in Table \. Figure 2 shows the
leu.st squares ins relating infiltration rales under different grazing intensities as referenced
to a combined light moderate intensity. As shall be seen, these form a basis for a «,«ir,
systems impact model. * '

TAHLIi I. Results of Paired Data Analysis: Infillration Rates (i»/l,r)
Associated with Clra/inu li

(ira/ing In tensities

. ■••-.■.■.>&■<• :

• : ■#*

I ingrazed

1.1)0 (I.Oil)

l.79li).7J|

147(1.01)

1.62 If).X>

Light

1.06 1O.6O)

Miwlorale

1.48 10.511)

1.56 (0.44)1.43(0.32)

1.10(0.61)

145(0.44)

130(0.611*

1.13(0.64)*

I leavy

0.79(0.431

0.82 10.42)

112(0.2'/)

0X2(0.42)

13

25

15

10

17

10

31

17

"1"

2.64

2.79

3.06

■1.32

2.16

2.32

3.21

2.2K

I'C-i

99ti

99.!

7K.0

95.3

95.5

99.7

96.1

NOII-.S: 1,1* sl,,iws ,|,o lllcai, inniirali..., rate- ». inches per hour will, tho ManUard deviation in
1-arcn.he.se.s. 1 statistic calcula.ed by paired difference tost. l> is the probability in '7. asso-
ca.ed w,,|, the », • sla,islic (1Wl, Ialltfd |M|J. S|arrcd ,., i|enK j|e ^

coinhincd data. Source: (.illord and ll.,wk,ns 1978

•.■•-'-.-.-.••i-■■■■•?»■4«tSi?-J



Giffurd and lljwkins

- o

V > 0 40} + 0 )74X
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Figure 2. Relationships Between Infiltration Rates

Under DilTcrcnl dta/ing Intensities.
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DcJcnuinwiic llydni!..,;ic M.nlclin,: <.f C.ra/.inK System Impacts on Infillfjii.m Ralc%

MODI-.LI-OKMULATION

The model is a march of infiltration capacity with time for a representative pasture
a grazing system. The synthesis of the grazing iniensity impacts proceeds from the «3-1

(ic:il rclulionsl..,* revealed in l-.,..:,|j,>ll!( ( I) and (2). winl.ii.cd with assumptions ol Im.-
impact and recovery.

Fiisi. the specific inlillralion ,aies idc.lilied by design grazing intensities Pmvc
boundaries between which all occasions must fall, and targets towards which rates »-
respond according to applied grazing intensities. These rates arc defined by Equauo-
(1) and (2), and on the basis of current infiltration status and grazing intensity (both u«^
supplied). ' "

Secondly, response to impacts (a labeled reduction in infiltration) is assumed -o ,vc -
linearly and m entirety over Ihc grazing episode duration. All hough this docs nut w"-
the literature findings, it arises largely by default, and by a deficit of ountrarv into,-"-'

'• Vl"ll:ll|y :|" sl»d'« •'" ""■• '"Pif l««vc ignored the ti.ne dimensions of i-ra/*,... ".
tensity impacts. c •'*■••

Third, recovery (a targeted increase in infiltration) is assumed to occur linear!-. .«.»
charac,criSt,c recovery time. T. Literature reference .0 this is no. common, but un
available has been found .0 be Iron, 2 years .0 more than 13 years. Some Jala iiu-^
essentially no recovery with time, suggesting cither that the recovery coefficieni ~o ■
be even larger or (hat in some instances grazing may have no measurable impact .»> in- *
tration rates. The recovery time can he easily visualized as a function of the land :v-
range condition, intensity of use. and climate. The algebraic expression of the recov-n >
given as - . ••

f = f. ('", --UO/T)
i.-

m

with syn.bols as defined in the Table of Symbols. Note that in some grazing sch es i
period ol rest less thai-, the recovery would no. allow restoration loan ungra/ed slims
lor example, a rest (no grazing) period of 1/2 year on a sue with a recovery l.n- I •'.•'
4 years would recover only 1/8 of the loss. Also, after the target rate ,s atta.ned' :v
lurther recovery (past the target) is possible.

The model proceeds sequentially, impacting and rctovcrinc according to the abt-x-
rules, and as outlined in the following steps:

1. The grazing system to be evaluated is defined in terms of grazing intensities ana
accompanying durations. As most systems currently popular prescribe discontinuous and
sudden short term harvests of a high fraction of accumulated forage, such grazim. periods
may be vahdly classed as "heavy" in tensity.

2. Given an initial infiltration rate and grazing intensity, target rates are established
directly, or calculated. For example, under moderate/light grazing, the tar-el rates foi
both ungra/ed and heavy situations arc calculated from liquations (I) and (2)

3. The impact or recovery from (he first time clement is then calculated For
example, with an initial moderate/light infiltration rate, if the first period is of heau
grazing, the impact occurs linearly over its duration. If the first period is a rest period

recovery occurs over its duration in accordance with Equation (3): If the first period re'
piesents moderate/light grazing, no change occurs.

928
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i:xamim.i-

(liven a iani;e site under current nuHleialt- «ir li^hl (•r:i/.iiij>. its current roprcsenlativv

iiilillialiuu lale is jik!»i-iI In he 1.00 in/lu. A «ia/ing system nl Hie fiillnwinj; stiticlurc i\

projxjsed (sec Table 2):

1. hrom Kquations (I) and (2). and knowing lm/| = 1.00 in/hr, the following rates

I'oi ungia/ed (rest) and heavy situations are calculated.

fu = 1.31 in/hr

f,, = 0.78 in/hr.

2. For the initial rest period, iiililtration recovers toward an ungrazed target of 1.31

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

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

3. For the heavy grazing period, the infiltration is reduced to the target value of 0.78
iu/hr linearly over the duration of the activity.

4. The 2.00 year rest produces recovery towards (he ungrazed target of 1.31 in/hr.

Over tlie two year rest, tliis recovery is:

f = 0.7S + (2.00/4.00) (1.3! -0.78) = 1.04 in/lir.

5. The 0.25 year of heavy grazing causes infiltration reduction to the heavy gra/inu
1 aria."I <»!'0.78 in/hr. linearly over the 0.25 year duration.

6. The 1.25 year of moderate grazing causes inllltiation to move towards the moder

ate/light target value ol" 1.00 in/hr, linearly for 1.25 year proportioned over a 4 yeai re
covery lime:

i ^ 0.78 +(1.25/4.00X1.00 -0.78) = 0.S5 in/hr.

TAULli 2. lixamptc I System.

l-'ront

1 April

1 July

1 October

1 October

1 January

To

1 July

1 October

1 October

1 January

1 April

Dilution

(>r.)

0.25

0.25

2.00

0.25

1.2S

Aclivity

Rest

Graze Heavy

Rest

Graze Heavy

Graze Moderate

One complete grazing cycle has been simulated. A second is computed using (he last

id output (0.85 iu/hr) as input to the first period of the second cycle. The second
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cycle is stable: the filial rate is equal to the initial rate. The results are summarized in

Table 3, and shown graphically in Figure 4.

TABLE 3. Summary of Model Output for Example.

S/m-V;1-.-

Date

1 April

1 July

I October

I Octulicr

I January

1 April

Time (year)

Cum.

0.00

0.25

0.50

2.50

2.75

4.00

Inc.

0.25

0.25

2.00

0.25

1.25

Activity

Kcsi

Graze Heavy

Rest

Graze Heavy

Graze Moderate

Inf.

J

1.00

1.02

0.78

1.04

0.78

0.85

Rate (in/hr)

II

0.85

0.88

0.78

1.04

0.78

0.85

InfUiration Kates: Annual: 0.87 in/hr

Summer Only: 0.90 in/hr

CBA2E MO0£««tE

21

»-:-'i£<'i*'-ti$hi£y;, •'.■•; •'>■

•^&:'-:: "^^.^W*-"!'':''

'igure 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

. V"; . ■ •■. ■>--J-w.'i4f:^.la*'-
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longer episodes. This situation, while more in keeping with holh reason and intuition, is

completely unsupported by any known field dala. Also, usage would require estimates

ofr.

Oilier options which mighl be exercised upon the user's judgment Tor specific si I na

tions miuhl be (I) to effect no change with moderate gni/.ing in recognition of a com

monly held (bul unsupported) belief that a moderate land use is neither destructive nor

beneficial to (he environment, or (2) to program recovery in an exponential fashion as

the above discussed impact modeling. Stochastic effects might be achieved by casting

seasonal or long term recovery as a function of interim precipitation, which is also a

generally unsupported idea.

SUMMARY

The hydrologic effects of grazing systems lias been largely ignoied in previous research,

and thus their environmental impacts cannot be safely predicted from a basis of ex

perience. There is, however, a limited information resource on the association between

grazing intensity and infiltration. Utilizing these data, and making several necessary link

ing assumptions, a model of infiltration rale with time is synthesized, thus approximating

the hydrologic influences of any proposed 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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Deterministic llydmlopr Moilcliii;: o! (Ifu/iiij; Syslciu Impact* <m Infiltration Kal

TAHU. OI:SYMHOI.S

The I'olluwiti)- symbol* are uscil (I in = 2.54 cm):

t liii.il ur Iomi'. Icmii inlllu.jliiin t.ik'ini/'lir)

As suhtcriplN «>n I:

l>

e

I

li

m

= a( Ilic lK'{:innin|(i)l'

= ul tlic c-iul nl ;i |iL-fiii(l

= under heavy :;r:i/inr iiilcusily

•"= under inodcraie i:r;i/iiii; intensity

1 = iiiulei li<:h| ^ra/iiie iniensiiy

>i ' iiiulvi rest iiintliliuns ("iiiii-ra/i'd"l

in/1 = under mocloralc or li»hl i-ra/ini; inlensily; c<inibined because Ihe two iiHciuiiKi ^;o

liydrologically imlisliiiuiiislubU- IkimiiI on cimsUinl or ncar-cmiMant inlillralion ratcv

T = linear recovery time, years

t - ai'livily (icriod duration, years: also shown as I
it

T = (Uul exponential recovery tune constant, years
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