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On the Choice Between the Stocking Rate and Timein Range

M anagement

Abstract

A long standing question in range management concerns the relative importance of the stocking
rateversusthelength of time during which animas graze a particular rangdand. We addressthisquestion
by andyzing the problemfaced by aprivaterancher whowishestominimizethelong runexpected net cost (LRENC)
from range operations by choosing either the stocking rate or the length of time during which his animals
graze his rangeland. We congtruct a renewal-theoretic model and show that, in generd, this rancher’s

LRENC with an optimaly chosen stocking rateislower than his LRENC with an optimaly chosengrazing

cydelength.
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On the Choice Between the Stocking Rate and Timein Range

M anagement

1. Introduction
1.1. Preliminaries

All parts of theworld that are not bare deserts, that are not cultivated, and that are not covered by
bare soil, ice, or rock can be thought of as rangelands. This meansthat rangelandsinclude most deserts,
forests, and dl natural grasdands. The key fegture of arangeland isthat it conssts of uncultivated land that
can and typically does provide habitat for browsing and grazing animas. Browsing refers to the
consumption of leaves and twigs from woody plants such as shrubs and trees by animals. In contrast,
grazing refers to the consumption of standing forage such as grasses by animals.

Range management is “the manipulation of rangeland components to obtain the optimum
combination of goods and services for society on a sustained basis’ (Holechek et al., 1998, p. 5). As
noted by Stoddart et al. (1975, pp. 2-3) and by Holechek et al. (1998, p. 5), in contemporary times, the
task of range management is based on five basic precepts. Firdt, a rangeland is a renewable resource.
Second, solar energy captured by the green plants of arangeland can only be harvested by browsing and
grazing animals. Third, the productivity of arangdand is determined by climatic, soil, topographic, and use
factors. Fourth, in comparison with cultivated lands, rangelands provide humanswith food and fiber a very
low energy cods. Findly, avariety of goods and services such as food, mineras, timber, and recregtion
are obtained from rangelands.

A range manager can manipulate the components of arangdand in severd ways. Put differently,



this manager can accomplish his managerid objectives’ with avariety of choice variables. Inthis paper, we
are interested in shedding light on a particular controversy in the range management literature. This
controversy concernstwo choice variables, namdy, the stocking rate and the length of agrazing cycle. The
stocking rate concept is used in more than one way by range managers. Consequently, it isimportant to
be clear about the precise meaning of this concept. The meaning that we shdl usein this paper tdlsusthat
the “stocking rate is typicaly expressed as animd units per section of land” (Holechek et al., 1998, p.
190). The length of a grazing cycle is more sraightforward and it is defined to be the length of timeina
caender year during which animds graze a given rangdand.?

With these two definitions in place, we are now in a pogtion to state the above mentioned
controversy in theform of asmple question: Isthe stocking rate more important or istime more important
in range management? The objective of this paper isto answer this question. We now discuss thisrange
management controversy in greater detail and then we comment on the way in which we plan to address
the underlying issues.

1.2. The controversy
Although there are many aspects to the task of range management, today, range scientists agree

that oneimportant aspect concernsthe determination of the appropriate stocking rate. Consider theposition

5
Examples include the maximization of (i) range livestock productivity and (ii) the economic returns from the rangeland.
6

In the rest of this paper, we shall use the terms “length of grazing cycle” and “time” interchangeably. The reader should note that
both these terms refer to the length of time during which animals graze a given rangeland.
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Readers may be wondering whether there exist choice variabl es, intermediate between the stocking rate and time, that dominate these
two control variables. This and related issues are discussed in section 5.

4



of two standard range management texts on the subject of the stocking rate. Stoddartet al. (1975, p. 262)
tdl usthat correct livestock “numbers areimportant for the perpetuation of the range, the well-being of the
livestock, and the economic ability of the operator.” Holechek et al. (1998, p. 221) go even further and
date that proper “stocking is the most important part of successful range management.”

However, not everyone agrees that the stocking rate is the most sdient part of successful range
management. In particular, Allan Savory (1983, 1988) and his adherents—see Goodloe (1969), Savory
and Parsons (1980), and Savory and Butterfield (1998)—have forcefully argued that the stocking rate is
less important than is commonly believed. Savory and Butterfield (1998, p. 41, emphasisin origind) have
pointed out that until “very recently no one truly explored the question of when animals are there as
opposed to how many there are.” The centrd point of AllanSavory and other like minded scholarsisthis
Overgrazing bears “little relaionship to the number of animas but rather to the time plants [are] exposed
to the animas’ (Savory and Butterfield, 1998, p. 46, enphasisin origind).

This polarized gate of affairs raises an important question. Is the stocking rate moreimportant or
istime, i.e, the length of the grazing cycle, more important in range management? We shdl answer this
question by andyzing the decison problem faced by aprivate rancher who wishesto minimize thelong run
expected net cost (hereafter LRENC) from range operations by choosing ether the stocking rate or the

length of time during which his animals graze his rangdand.® Note that this long run focus means that our
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Allan Savory’ sviewson grazing have been variously described astime-controlled grazing, as short-duration grazing, and asthe Savory
grazing method. For more on this and related issues, see Holechek et al. (1998, pp. 229-256).
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Note that minimizing long run expected net cost is equivalent to maximizing long run expected profit. We have decided to focus on
net cost and not on profit because this focus makes some of the subsequent algebra allittle cleaner.
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rancher cares about the expected net cost from his range operations and about the well being of his
rangeland. Our andlyss shows that, in generd, thisrancher’s LRENC with an optimally chosen stocking
rateislower than his LRENC with an optimaly chosen grazing cycle length.

Given the obvious importance of this stocking rate versus time question for practicd range
management, one would expect this question to have been studied thoroughly. Although there are many
dudies that have evaluated the impact of dternate stocking rates on animd performance and on forage
production,® and some empirica studies of Allan Savory’s time-controlled grazing,* these studies have
not resolved thisstocking rate versustime controversy. Moreover, on thetheoretica side, thematter iseven
less settled. To the best of our knowledge, there are no previous theoreticd udies of this question. This
state of affairs has led Holechek et al. (1998, p. 254) to conclude that the long “term impacts of [time-
controlled] grazing...[have yet] to be determined.” As such, we now proceed to our andyss of the long
run effects of the stocking rate versus time in range management.

Thetheoretica framework of thispaper isadapted from Batabya (1999) and the rest of thispaper
is organized as follows. Section 2 presents and andyzes a renewa-theoretic’? modd of the decision
problemfaced by aprivaterancher whowishesto minimizehis LRENC from range operations by choosing
the stocking rate optimally. Section 3 andyzes a Smilar model; however, in this section, the rancher

minimizeshis LRENC from range operations by choosing thelength of the grazing cycle optimally. Section
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See Holechek et al. (1998, pp. 248-256) and Holecheck et al. (1999).
11
See Graham et al. (1992), Hart et al. (1993), and Holechek et al. (1998, pp. 248-256).
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For more on renewal theory, see Ross (1996, pp. 98-161; 1997, pp. 351-410) and Taylor and Karlin (1998, pp. 419-472).
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4 first compares the optimized value of the rancher’'s LRENC from sections 2 and 3 and thereby
determines which choice variable—stocking rate or time—results in lower LRENC. Next, this section
discussesthe rel ationshi p between the analysis of this paper and other related natural resource management
problems. Section 5 concludes and offers suggestions for future research.
2. Range Management with an Optimally Chosen Stocking Rate

Congder a private rancher who owns livestock animas (cows) and afenced plot of rangeland. In
the mode of this and the next section, our private rancher conducts his range operations with referenceto
apaticular grazing period in acdender year. For ingdance, thisgrazing period might befrom May 2 to July
15, which would correspond to the grazing period for intensve-early stocking, or it might run from May
2 to October 3, which would correspond to the grazing period for normal season-long grazing (Holechek
et al., 1998, pp. 231-236). At the beginning of agrazing period, our rancher letshisanimasinto hisfenced
rangeland in accordance with a Poisson process™ with rate &. This rancher believes that the appropriate
stocking ratefor hisrangeland correspondsto A animas. As such, once A animashave been dlowed into
the rangeland to graze, entry of additiond animadsis prohibited for the grazing period under consderation.
Put differently, once A animals have been dlowed in, this rancher’ s rangeland is closed to grazing in the
current cender year grazing period.

Asaresult of hisrange operations, our rancher incurs costs and obtains benefits from two sources.
Thefirgt, or direct, source of net cost (tota cost less totd benefit) stems from things like the deleterious

effects of grazing on the plant gpecies of therangdland (acost) and from theweight gain accruing to animas

13
For more on the Poisson process, see Ross (1996, pp. 59-97; 1997, pp. 249-301) and Taylor and Karlin (1998, pp. 267-332).
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as areault of forage intake (a benefit). We capture this direct source of net cost by supposing that our
rancher incurs net costs at therate of $ac per unit time, where a refers to the number of animas grazing
at that time and ¢ can be thought of as the instantaneous net cost per animal. The second, or indirect,
source of net costs arises from things like the need to feed animass that have not been dlowed in to the
rangdand (a cost) and from stocking the rangeland at the correct rate (a benefit). This benefit arises
because correct stocking means that the rangeland’ s grazing capacity will not be exceeded. In turn, this
means that thisrangeland will be ableto provide the rancher’ sanimaswith aflow of forageinthelong run.
Inevery caender year grazing period, we supposethat our rancher incursanet cost of $C, whenhecloses
his rangdland to additiond animas.

Now, if wesay that agrazing cyclefor the cender year is completed whenever therancher closes
the rangeland to additiona animals, then the description of eventsin the previoustwo paragraphs congtitutes
a renewal-reward process.** Consequently, we can use the renewal-reward theorem to compute our
rancher’s LRENC from his range operations. The renewa-reward theorem tells us that the rancher’s
LRENC equasthe expected net cost in agrazing cycledivided by the expected length of thisgrazing cycle.

Formdly, we have

E[net cost per grazing cycle]
E[length of grazing cycle]

LRENC™

@

where E[f] is the expectation operator.

14

For more on renewal -reward processes and the renewal-reward theorem, see the references cited in footnote 12.
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Let us now compute the two expectations on the right hand sde (hereafter RHS) of equation ().
In any given grazing cycle, let X, denote the time between the arrival of the ath anima and the (a%1)th
animd into the rancher’ s rangdand. Then the numerator on the RHS of equation (1) isgiven by
E[net cost per grazing cycle]® C%E[ 1cX, %2¢cX,%3cX%... %(A&1)CX . 1]. (2)
Becausetherancher’ scowsarebrought into therangeland in accordance with aPoi sson processwithratea,
the meen interarriva time is 1/a. Mathematicaly, this meansthat E[X.]" 1/a, i"1,...,(A&1). Usng this
result, the RHS of equation (2) can be smplified to

E[net cost per grazing cycle] " C% 3

cA(A&1)
28

Inorder to compute the denominator on the RHS of equation (1), it sufficesto notethat the expected length

of agrazing cycleis amply the expected time it takes for the A animals to begin grazing on the rancher’s

rangeland. Because the mean interarriva time for the cowsis 1/4, we get
. A
E[length of grazing cycle] " =. 4
a

Now combining the results from equations (3) and (4), we get an expression for the rancher’s LRENC.
That expression is

Q)

LRENG* 28y, CA&D)
A 2



Having computed the expression for our rancher’s LRENC, we are now in apostion to state this
rancher’s LRENC minimization problem. Specificdly, thisrancher choosesthestockingrate A tominimize

the LRENC from his range operations. Formally, our rancher solves

]. (6)

. ac, c(A&l)
mi —%

W3
Treting A as a continuous choice variable and using the calculus, we see that the stocking rate that

minimizes the rancher’ SLRENC is given by™

A" '%‘_C. (7
C

In words, the optima stocking rate equals the square root of the ratio of the product of twice the rate of
the Poisson arrival process (&) and theindirect net cost from closing therange and to additiond animds (C)
to the ingtantaneous net cost per anima (c). Ingpecting equation (7) it is easy to verify two properties of
the optima stocking rate. First, astheindirect net cost per grazing cycle (C) goes up, the rancher findsit
desirable toraise the optimal stocking rate. Second, if the instantaneous net cost per anima (C) increases,
thenitisin theinterest of the rancher to lower the optima stocking rate.

Let us now subdtitute the expression for the optima stocking rate from equation (7) into the

minimand in equation (6). This gives us an expresson for the minima LRENC that our rancher will incur

15

The second order condition is satisfied.
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by choosing the stocking rate optimally. Denotethisminimal LRENC by (LRENC)S;. Some agebratells

usthat

(LRENC)"y2acC % 8)

I nspecting equation (8), we see that the minima LRENC that our rancher will incur by choosing
the stocking rate optimally equas the square root of the product of twice the rate of the Poisson arrivd
process (8), the ingantaneous net cost per anima (c), and theindirect net cost per grazing cycle (C), less
one-hdf the insdantaneous net cost per animal.

We now study the casein which the focus of our private rancher isnot on the stocking rateper se,
but on the length of the grazing cycle on his rangeland. After computing the optima length of the grazing
cycle, we shdl compare equation (8) with the corresponding equation for this latter case in which the
rancher’ sfocusison time,

3. Range M anagement with an Optimally Chosen Grazing Cycle Length

Instead of choosing the stocking rate optimdly, our rancher now follows a different strategy. In
particular, this rancher now chooses the length of the grazing cycle (T) to minimizethe LRENC from his
range operations. In the context of the discussion in the first paragraph of section 2 (see p. 7), thismeans
that if the grazing period in a cdender year happens to be 75 days long (May 2 to July 15), then our
rancher chooses T with this 75 day grazing period in mind. So, in this example, the optima T would be
some real number between 0 and 75. If the optimal T=0, then this means tha the rancher rests his

rangeland for the entire grazing period in that calender year. At the other end, if optima T 75, then this

11



means that the rancher’ s grazing cycle and the grazing period for that calender year coincide.

In this setting, our rancher chooses the length of the grazing cyde (time) to minimize the LRENC
from his range operations. Consequently, let us now compute the LRENC that isincurred by the rancher
when this rancher’s focus is on time rather than on the stocking rate. As in the previous section, at the
beginning of the grazing period, our rancher letshisanimasinto hisrangeland in accordance with aPoisson
process with rate 4. We suppose that this rancher letshisanimasgrazetherangdand for T units of time.
In other words, when T units of time have dapsed, the rangdand is closed to grazing. This means that a
grazing cycleiscompleted when T units of time have egpsed. As explained in the previous paragraph, the
length of this grazing cycle will either be less than or equd to the length of the grazing period in acdender
yedr.

We shdl use the renewd-reward theorem (equation (1)) to compute our rancher’s LRENC. The
computationof E[net cost per grazing cycle] will be facilitated by conditioning on N(T), the tota

number of animastha are grazing the rancher’ srangeland by time T. Thisyidds
E[net cost per grazing cycle/N(T)] " C%%. 9
Using the properties of the expectation operator and equation (9), we get

A 2
E[net cost per grazing cycle] " C% ac;' . (20

Now note that E[length of grazing cycle] ™ T. This result and equation (10) together tell us that our

12



rancher’s LRENC isgiven by

LRENC'%%LZT.. (12)

Having computed the expression for our rancher’s LRENC, we are now in apostion to state this
rancher’s LRENC minimization problem. This rancher chooses the length of the grazing cycle (T) to

minimizethe LRENC from his range operations. Formally, our rancher solvest®
: C, acT
mi =h—=]. 12
[ =] (12)
Using the calculus, we see that the grazing cyde length that minimizes the rancher’ SLRENC is given by’

TC | = (13)

Inwords, the optimad length of the grazing cycle equasthe square root of theratio of the product of twice

theindirect net cost from closing therangdland (C) totheproduct of therateof the Poissonarrival process(a)

16

To keep this minimization problem simple, we have not imposed a constraint requiring T to be bounded below by zero and above
by the length of the grazing periodinacalender year. If theoptimal T turnsout to be larger than thelength of the grazing period, then
we simply set the optimal T equal to thelength of the grazing period. For example, asdiscussed in thefirst paragraph of thissection,
if the length of thegrazing period happensto be 75 daysand the optimal T turnsout to be 78 days, then wesimply set thisoptimal T
equal to 75 days.
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The second order condition is satisfied.
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and the ingtantaneous net cost per anima (€). Inspecting equation (13) it is easy to verify two properties
of the optima length of the grazing cyde. Firgt, astheindirect net cost per grazing cycle (C) goes up, the
rancher findsit optimd tolengthen the grazing cycle. Second, if the ingtantaneous net cost per animd (c)
increases, then it is optima for the rancher to shorten the grazing cycle.

Let us now subdtitute the expression for the optima length of the grazing cycle from equation (13)
into the minimand in equation (12). This gives us an expresson for the minima LRENC that our rancher
will incur by choosing the grazing cydelength optimaly. Denotethisminimal LRENC by (LRENC)#. After
some algebra, we get

(LRENC)S " /2&cC. (14)

Ingpecting equation (14), we seethat theminimal LRENC that our rancher will incur by choosing
the grazing cycle length optimaly equds the square root of the product of twice the rate of the Poisson
arriva process (4), the instantaneous net cost per animd (c), and the indirect net cost per grazing cycle
©.

Recdl| that the objective of this paper isto answer the following question: Isthe stocking rate more
important or istime, i.e,, the length of the grazing cycle, more important in range management? \We now
provide an answer to this question.

4. Stocking Rate versus Time in Range M anagement

Equation (8) gives us an expression for the LRENC incurred by our rancher when he choosesthe

gocking rate optimadly. Smilarly, equation (14) gives us an expression for this rancher’s LRENC when

he chooses the length of the grazing cycle (time) optimally. Comparing these two expressions, we see that
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(LRENC)éR'\/ZécC&%q/ZéCC' (LRENC)S. (15)

Equation (15) dearly tells usthat therancher’s LRENC with an optimally chosen stocking rate is
lower than his LRENC with an optimally chosen grazing cycle length. It isin this sense that the stocking
rate ismore important than time in range management. Put differently, if arationa rancher had to choose
agngle control variable from acontrol set conssting of the stocking rate and time, then this rancher would
choose the stocking rate over time. We now discussthe relationshi p between the analysis of this paper and
other related natural resource management problems.

4.1. Our analysis and other resource management problems

Inaddition to rangelands, anumber of other natura resources are d so managed with tempord and
non-tempord choice variables. For instance, commercia and recregtiond hunters for most game are
subject to seasond (time) restrictions. Moreover, such huntersaregenerdly required to hunt during daylight
hours. Smilarly, Batabyd and Beladi (1999) have pointed out that most commercid fisheries are subject
to season length (time) restrictions. Given this state of affairs, it would certainly be useful to know whether
society isbetter off with such tempora restrictions or whether non-tempord choice variables—such asthe
number of animas hunted and the number of fishing boats used—result in higher welfare to society.

Thetheoretica framework of this paper can be used to answer these sorts of questions. Recall that
an important result of this paper is that there are circumstances in which the use of anon-tempora choice
vaiadle leads to higher wdfare for the decison maker. As such, the conduct of andyses dong the lines
undertaken in this paper will enable us to determine whether one can make agenera theoretical argument

againg the use of tempord choice variables in naturd resource management.
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5. Conclusions

In this paper, we used a renewal-theoretic gpproach to andyze the decison problem faced by a
private rancher whoisinterested in minimizing the LRENC from his range operations. On the basis of our
andyss of two optimization problems for this rancher, we concluded that the stocking rate is more
important than timein range management. To the best of our knowledge, thisisthefirst theoretical answer
to this stocking rate versus time question in range management.

The analysis of this paper can be extended in anumber of directions. In what follows, we suggest
two possible extensons. Firg, recdl that in footnote 7, we mentioned that giventhis paper’ sfocuson the
socking rate versus time, some readers may be wondering whether there exist choice variables,
intermedi ate between the stocking rate and time, that dominate these two control variables. To answer this
question, consider the semina work of Roberts and Spence (1976). Environmenta economists now know
that is possible to congtruct an “intermediate’” control instrument that is part-price (fee or tax) and part-
quantity (emissions permit scheme). Roberts and Spence (1976) showed that this intermediate control
indrument can dways be converted into a pure price or pure quantity control instrument. Consequently,
in comparison with ether a pure price or pure quantity control instrument, a regulator will do a least as
well—and often much better—with this intermediate control instrument. A useful extension of this paper
would be to determine whether thislogic carries over to the subject of range management. In other words,
the open question is to check whether it is possible to congtruct, in a dynamic and stochastic setting, a
control ingrument that isintermediate in the sense that it is part gocking rate and part time. If itispossible
to do so, then it should be fairly draightforward to demondrate thet this intermediate control instrument

dominates a pure stocking rate and a pure time control instrument.
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Second, in section 2, we studied the decison problem faced by a private rancher who owns a
sangle species of livestock animas (cows). As such, it would be useful to ascertain whether the results of
this paper hold when thisrancher’ s decision problem with the stocking rate asachoice variableis modified
to account for Stuations in which the rancher owns more than one anima species. Studies of range
management that incorporate these aspects of the problem into the andysis will provide additiond insght

into the roles that the stocking rate and time play in successful range management.
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