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ABSTRACT

Social scientists are paying increasing attention to the implications for commons
management of user and resource heterogeneity. This study considers the example of
localized degradation of a shared rangeland where users and rangeland sub-areas differ in
characteristics. A model of land-use decisionsis developed. Longitudinal data on land-
use decisions are investigated. The impact of proportionate reduction and uniform quota
policies are evaluated by simulating estimation results. The study finds recognizing
heterogeneity allows insight into the causes of localized degradation, and explains how
policies intended to increase the efficiency of exploitation can go awry if heterogeneity is

not recognized.



[. INTRODUCTION

Social scientists are paying increased attention to the implications of
heterogeneity in the commons. Two types of heterogeneity have received particular
attention in recent literature: heterogeneity of individuals sharing a resource and
heterogeneity of the resource itself. To date, the policy implications arising when both
user and resource heterogeneity characterize a jointly exploited resource have not been
explored. The current study addresses a gap in the literature by investigating the
implications of user and resource heterogeneity in acommonly held rangeland.

Studies investigating the impact of user heterogeneity on exploitation of the
commons have found Olsen’s (1965) speculation that increasing inequality makes
provision of collective goods more likely is not necessarily true, as the influence of
inequality on efficiency in the commons is ambiguous (Baland and Platteau 1997,
Dayton-Johnson and Bardhan 1998). This ambiguity also characterizes the efficiency
gains from regulation using second-best policy measures (Baland and Platteau 1998;
Gardner et al 2000).

A separate theme in recent literature investigates the implications of joint
exploitation of a heterogeneous resource. One set of studiesfindsthat if rainfall
realizations are spatially heterogeneous, rangeland users’ risk exposure is reduced
through shared access to multiple resource areas (Nugent and Sanchez 1998; Goodhue
and McCarthy 1999). A second set of studies investigates how differencesin the
economic characteristics of resource sub-areas influence exploitation patterns (Sanchirico
and Wilen 1999; Smith and Wilen 2000). Sanchirico and Wilen argue that including a

spatial dimension in bioeconomic models of heterogeneous resource exploitation is



critical, as studies focusing on aggregate exploitation levels may overlook information on
gpatia patterns of economic behavior that is of policy relevance.

In addition to exploring theoretical, empirical, and policy issues arising when user
heterogeneity and resource heterogeneity are combined in the commons, this study also
contributes to a debate in the range ecology literature concerning the nature of the
relationship between livestock populations and rangeland condition in arid and semi-arid
areas. While it has long been argued that higher then optimal stocking levels of
commonly held rangelands result in degradation (Brown 1971; Doran, Low, and Kemp
1979; Lamprey 1983; Hu, Ready and Pagoulatos 1997), recent studies question the
applicability of the perspectivein arid and semi-arid areas (Homewood and Rogers 1987,
McCabe and Ellis 1987; Hellden 1991). It is argued that under the climatic conditions
characterizing such areas,ﬂfrequent droughts ensure livestock populations rarely reach
levels adversely impacting rangeland condition (Sanford 1982; Westoby, Walker, and
Noy-Meir 1989; Ellis and Swift 1988; Abel 1993; Biot 1993; Scoones 1993).

Empirical studiestend to support this hypothesis, finding that widespread
degradation of arid and semi-arid rangelands is not currently a problem. However, the
absence of widespread degradation does not necessarily mean that no degradation is
occurring. Many studies identify localized degradation of key resource areas within
jointly exploited rangelands (Lusigi 1984; Schwartz, Shaabani and Walther 1991; Dodd
1994; Keya 1998; Turner 19983, 1998b).

The current study explicitly recognizes spatial differencesin rangeland areasin
order to analyze the causes of localized degradation. The study focuses attention on

factors leading to a sub-optimal distribution of animals within the commons. This



contrasts with the traditional common property model’ s focus on factors leading to a
higher than optimal exploitation level of the commons. The added modeling effort is
required in this case, as policies addressing localized degradation must explicitly address
incentives that influence the spatial distribution of stocking pressure within the commons.
Aswill be elaborated on below, understanding how both user and resource heterogeneity
influence spatia patterns of exploitation in the commons leads to new insights on policies
that will arrest degradation.

The outline of the study is as follows. Section two orients the reader to important
facts about the areain northern Kenya where data for this study was gathered. Section
three draws on these facts to develop a dynamic model of resource exploitation.
Parametric differences between rangeland sub-areas that |ead to long run differencesin
the condition of these sub-areas are identified. The estimation results of section four
reveal how changes in household level variables and time-period specific variables
influence exploitation patterns in a commons. Section five uses estimation results to
simulate the impact of two different policy measures on stocking pressure in degraded
rangelands: proportionate reductions in household herd size, and uniform household herd
size quotas. The final section discusses the implications of this study’s findings, and

suggests areas of further research.

[1. STUDY AREA
Datafor the current study were gathered in rangelands surrounding the towns of
North Horr and Kalachain Marsabit District, Kenyain 1997-1998. The ethnic group

resident in this area are the Cushitic speaking Gabra. Gabra practice nomadic pastoralism



with their herds of camels, cattle, sheep and goats in northern Kenya and southern
Ethiopia. Gabra herders have the right to reside and graze their animals anywhere in the
area historically occupied by Gabra, asland is viewed as belonging to all Gabra rather
than to any one individual. However, Gabra strive to keep herders from other ethnic
groups from encroaching on their territory. In this sense, Gabrarangelands are a
commonly held resource rather than an open access resource.

Gabra herders rely amost completely on livestock and livestock products for
meeting their consumption needs, either through home consumption or through market
exchange. The data collected for this study reveal the dependence of surveyed households
on animals to meet consumption needs. If market values are assigned to all home
consumed goods, on average 61% of consumption is from home consumed milk, 21%is
from market goods purchased through livestock sales, 15% is from home consumed meat,
and the remaining 3% is accounted for by market goods purchased by milk sales, hide
sales, or remittances. The average cash value of consumption per-person per-day is
equivalent to $0.61, suggesting the average herder is below a $1 per-person per-day
poverty line.

Gabraraise their animals on the most arid rangelands in east Africa (FAO 1971).
Median annual rainfall is below 300 millimeters for the vast mgjority of the rangeland
area, making rain-fed cultivation impossible (Schwartz, Shaabani, and Walther). In
addition to experiencing low median annual rainfall levels, the areais aso characterized
by ahigh variability in annual rainfall: the coefficient of variation for annual rainfall in

the study areais 58.EI



High rainfall variability corresponds to high variability in forage production, as
forage growth is almost exclusively dependent on rainfall. Widespread herd losses result
during periods when forage isinsufficient. An example of one such event isrecorded in
the data set. In late 1996, surveyed households experienced an average 49% herd loss
over asix-month period. Herders attribute these losses to the cumulative impact of three
successive sub-average rainy seasons. Tablino (1999) reports droughts are a frequent
occurrence in this area, reporting recent droughtsin 1973, 1976, 1980, 1983, 1991, and
1996.

Households also face arisk of idiosyncratic herd loss due to livestock theft by
armed raiding parties from other ethnic groups. Over the four-year span recorded in the
data set, 18% of households lost animalsto armed raiders. Those experiencing raids |ost
an average of 32% of their herd in the raid. Robinson’s (1984) discussion of Gabra
history reports such raids have been a constant feature of Gabra life from the middle of
the 19" century to the present B

Two separate |land-use decisions characterize the Gabra production system: a base
camp location decision and a satellite camp location decision. A base camp consists of a
moveable hut that is approximately 4 metersin diameter surrounded by night enclosures
for animals that are constructed of thorny branches. Women and children tend to be
permanent residents of the base camp. By selecting a base camp site, the household head
selects an area for animals in the household herd to graze as well as the distance base
camp residents will be required to walk to the nearest town. Towns offer relative security
against armed raiders, both due to the presence of government security forces, and their

location in the interior of the Gabra rangelands. Towns also are the distribution points for



food aid, which is frequently provided to herders by government agencies and non-
governmental organizations.

Satellite camps are more mobile than base camps, and are designed to make use
of rangelands infrequently utilized due to their relative remoteness. A satellite camp also
has night enclosures for the animals, and may also contain a windscreen behind which
residents sleep and cook. Y ounger male family members tend to reside in satellite camp.
Animals are sent to satellite camps to enhance herd growth in normal years and to
minimize herd lossin drought years. However, satellite camps are more likely to suffer
raids due to their distance from town-based security forces and frequent proximity to the
ethnic boundary of the commons. In addition, residents of satellite camps must travel
long distances to access food aid provided in town.

Research on the ecological status of rangelands in Marsabit District has been
extensive. The UN funded Integrated Project in Arid Lands (IPAL) was activein this area
from 1976 to 1983 “...with the aim of finding direct solutions to the most urgent
environmental problems associated with desert encroachment and ecological
degradation.” (Lusigi 1984, introduction). O’ Leary (1987) summarizes the project’s final
findings as follows: “IPAL range and livestock scientists calculated that generally at the
macro-level, the range resources could support current livestock populations. Range
degradation is confined to areas surrounding trading centers and permanent water; but
thisis compensated by vast areas which are underutilized” (p.65).

O’ Leary’ s observation that range resources at the macro-level are sufficient to
support current livestock populations is supported by comparing livestock population

estimates obtained at the Marsabit office of the Ministry of Livestock Development with



Schwartz, Shaabani, and Walther’s (1991) maximum stocking rate guidelines. Figure one
indicates that no year from 1963-1998 for which data are available is characterized by
ecological overstocking when the 56,000 km? of the District’s rangelands are taken as a
whole. i

In addition, O’ Leary’ simpressions on the spatial distribution of degradation are
supported by a separate assessment of the District’ s rangelands reported by Schwartz,
Shaabani, and Walther. This evaluation categorizes 80% of the rangeland areas as good
(not degraded), 18% as fair (showing impact of use by livestock below alevel serioudy
impairing livestock productivity), and 2% of the rangeland is poor or very poor
(exhibiting significant decreases in productivity attributable to overuse). These overused
areas are almost al within 20 km of the small market townsin the District.

To the extent that the Gabra commons reflects conditionsin the District asa
whole, the observed degradation in this areais not resulting from too many animals using
the commons. This suggests alivestock population level below carrying capacity of the
total commonsis anecessary, rather than a sufficient, condition for the prevention of
degradation in a heterogeneous commons. To analyze localized degradation, it is
necessary to refine the spatial scale of analysis so that spatial heterogeneity within the
commons can be recognized. The focus of the investigation is then placed on factors
influencing the spatial pattern of resource exploitation in a heterogeneous commons.

The following section presents an analytical investigation of how heterogeneity in
the commons influences household level exploitation decisions. The model is designed to
reflect characteristics of the study area. Assuch, it isnot cast as a general model of

heterogeneous commons exploitation, but rather as an analytical framework through



which to explore possible causes of localized degradation in the study area drawing on

the description of the study area presented above.

[11. A MODEL OF HETEROGENEOUS RANGELAND-USE

In this section, a dynamic model of heterogeneous rangeland use is devel oped.
The dynamic model of this study contrasts with static “tragedy of the commons’ models
that specify the individual’ s choice variable to be selection of a privately optimal herd
size. This choice variable is questionable in the production conditions facing herdersin
arid and semi-arid Africa. The ability of an individual to select aherd sizeis severely
limited due to the frequent stochastic herd losses and the presence of credit constraints.
The individual’s choice in this production environment is more accurately cast as offtake
from agiven herd rather than choice of herd size. This requires development of a
dynamic model of livestock accumulation. The core of the model developed in this
section issimilar to Clark, Clarke and Munro’s (1979) fisheries model in that private
capital isrequired to exploit a shared renewable resource.

This study follows recent literature in defining rangeland condition as an
endogenous variable (Perrings and Walker 1995; Hu, Ready, and Pagoul atos 1997,
Duraiappah and Perkins 1999). This is accomplished by allowing rangeland carrying
capacity to vary over timein response the history of stocking pressure. An innovation of
the current model isthat carrying capacities for sub-areas within the commons are
allowed to follow different evolutionary paths.

Definej=1,...,Z integer indexed rangeland sub-areas of equal size A, so that the

total commonsisof size Z[A. Asindicated above, rangeland degradation in the study area
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is associated with areas around towns. To represent this, assume there is one town at the
end of the commons, and define sub-areas of increasing distance from this town.

Define the carrying capacity of sub-areaj as the number of animals that can be
placed in rangeland sub-areaj at timet without causing adeclineinj’s productive
potential. Carrying capacity in sub-areaj at timet isafunction of two variables: realized

rainfall and arainfall response parametery, (t) . Assumerainfall is characterized by a
time-invariant distribution with parameters (rf,z ), whererf isa(Z x 1) vector of sub-
area specific rainfall means, and =, isa(Z x Z) variance — covariance matrix recording
rainfall variability. Rainfall redizations at time t are denoted by rf,(t) j=1,...,Z. The
rainfall response parameter converts realized rainfall into an allowable number of animals
that can be placed in sub-area j. Degradation in thismodel isviewed as adecreasein a

sub-area’ s carrying capacity brought about by a decrease in the sub-area’ s response to

rainfall. A simple multiplicative specification for carrying capacity in sub-areaj at time

t,cc;(t), isused in thismodel. Thisiswrittence; (t) =rf; (t) ¥, () .EI

Accessto the Z areasisrestricted to i=1,...,N members [t. Also, assume that the
N individuals only place their animals on commonly held areas j=1,...,Z. Individual i

may place all of hisherd k' (t)in one sub-area, or to divide the herd amongst different

sub-areas. Individual i ends period t-1 with his herd distributed among the sub-areas

according to the (Z x 1) state variables' (t-1) . The herder begins period t by deciding how

to adjust these shares according to the (Z x 1) choice variable a' (t) , with

z
aj O[-11], Za} =0. The size of the herd placed by herder i in sub-areaj at timetis
£
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thus(s) (t-1) +a| (1)) k' (1) .E'

The share and adjustment variable define a state equation
recording changes over time to herd shares of individual i in sub-area | as recorded

by s| (t) = (t-1) +aj(t) . The share allocated to the furthest zone Z is arbitrarily defined to

Z-1
be s, (t-1)+al, (t) =1- Z (s} (t-1) +aj (1)), as the sum of the share variable over the Z sub-
£

areasislogically bounded above by 1.

Individual i obtains utility from consumption at timet defined by u(c' (1)) .
Consumption is comprised of animals taken from individual i’sherd at timet and
consumed, milk production from the share of the household herd placed in each sub-area,
and food aid provided by outside sources to family members accompanying animalsin
each sub-area. Subtracted from thisis energy expended on moving animals from their
locations in the previous period. The caloric contribution of offtake from the herd to

consumption, ot' (t), is the numeraire value. Assume the milk produced by all animals

placed in asub-areais represented by alogistic function with parameter 1. Let T reflect
the total caloric value of milk produced in a particular sub-area divided by the numeraire

value. Thetotal caloric value of milk production to households placing animalsin sub-

o RN s [ s 0 .
areaj attimetisequd to T, s'j(t)[k'(t)E s'j(t)Ek'(t)H ccj(t)%. Following

Baland and Platteau (1997), assume each individual obtains a share of the benefits of the
commonly held resource proportional to their share of the overall exploitation level.

Therefore, milk consumed by household i in areaj is derived by multiplying
N
S| (t) K (t)/Z s} (t) k' (t) by total value of milk produced in the sub-area. Definea (Z x 1)

12



vector recording the relative caloric contribution of food aid to consumption by T,

J=1,...,Z. Thisvalue reflects the caloric benefit of food aid minus the caloric cost of
walking to town to obtain this food from sub-area | relative to the numeraire value.
Finally, assume there is a cost of adjusting the past location of the herd in the current

period. Define the relative caloric expenditure of the household on rearranging herd

z
shares over sub-areas by Z eEﬂaij (1)?, withe = 0. Thisresultsin the following
£

representation of the utility function.

. oz g oo R i HE & . JE
uE() = U%)l’ (t)+ ZTj E@‘j(t) oK' (t) _%j(t) K (t) E&% O KO E/ cG(®) ZTQ $(t) - ZE Eﬂa'j(t))zg(l)
O 1= O = % 1= 1= O

where aU/dc>0,02U/dc? <0, limou/oc =c, lim 9U/dc=0.
C—

A logistical functional form for herd growth is specified in this model, in line with
previous models of herd growth on commonly held rangelands (Scoones 1993; Perrings
and Walker 1995, Fafchamps 1998). Note that in this model, the carrying capacity
measure used in the logistic equation is endogenously determined rather than being
defined as an exogenous constant. Total herd growth in a sub-areafollows alogistic

f

function with parameter a,"and maps into household level herd size changes through the

N
share function s (t) k' (t)/Z s|(t) k' (t), so that household i’ s herd growth in sub-areaj at

timetisdefined by o G| (t) k' (1) - 58! (1) k' (¢ Ns‘-t[lki tHcc-tHH.
y o O () ' (1) i (H) ()DZ L (1) K (1) (O
BN

O
Assume that sending animals to a particular sub-area exposes the herder to arisk

that armed raiders will take some of these animals. Assume only adult animals are at risk,
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raid losses are proportional to the individual’ s herd size, al individuals face the same
probability distribution over proportionate raid losses, and |osses occur after time period t

decisions have been made. Define proportionate herd loss to follow atime-invariant

distribution with parameters (6,%,) . The (Z x 1) vector of means has components 6,

J[0,1], and the variance-covariance matrix >4is(Z x Z). Each individual receives his

own set of realizations of this variable after adjusting the share of animalsin each
rangeland sub-area and choosing an offtake level, so that individual i placing animalsin
sub-areaj at timetisinformed just prior to the start of period t+1 that he has experienced

aherd loss of size ] (t) (1) k' (t) . The share decision made at time't is cal cul ated based

on the individual’ s expectation of this random variable. Together, the starting period herd
size, the share of time allocated to each sub-area, the offtake decision, and the growth

functions determine next period’ s herd size according to the following state equation.

A Z N
K (t+D) = Zsf,-(t) K (1) [0-8;(t)+ Za i E@,— () ' (t) —%’,—(w K (v DZsfj(t) K (9 %/CC" (t) %— ot o)
= 0 E &

The variabl es representing sub-area specific rainfall response parameters are

recorded by y;(t) j=1,...,Z that evolve according to current period realizations of this

variable as well as the total number of animals allocated to the sub-area. When stocking
rate is below carrying capacity for a particular zone, the next period rainfall response
parameter increases. In contrast, exceeding carrying capacity leads to adeclinein the
rainfall response parameter. The function governing the evolution of the rainfall response

parameter in area | is asfollows.
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N . .
yj(t+1):yj(t)+yj§~_EZS|j(t)Dkl (1) ch(t)% ©)
g U=

In equation three, it isassumed y; 20. Thisissimilar in structure to other simple dynamic

models of resource use asit balances afixed renewal parameter against the negative
impact of aggregate use (Hu, Ready, and Pagoulatos 1997; Gardner et al 2000).
The utility of consumption is assumed to be additively separable over time. Future

consumption is discounted by (1+r)™* 0[0], where r isameasure of the discount rate that

isassumed to be identical acrossindividuals. Individuals are specified to form Nash best
response strategies to the herd sizes, herd shares, and adjustment decisions of the other

(N-1) herders. Define k(t) as the (1 x N) vector with component k' (t), S(t-1)asthe (Z x N)
matrix with component s (t-1), a(t) asthe (Z x N) matrix with component a;(t). Also
define y(t) asthe (Z x 1) vector with component y;(t) .

To summarize, events proceed in thismodel asfollows. Theindividua begins
period t with herd size k(t) distributed according to last period’ s shares s(t-1), and
observes this information for other users of the commons. Rainfall in the Z sub-areas of
the commons and the corresponding carrying capacities are then observed. The
individual then chooses the herd offtake level and the adjustments to be made to shares of
the herd allocated to various sub-areas. Following these decisions, the individual
discoversrealizations of proportionate herd loss in the various sub-areas. Taken together,
the individua’s problem is written in the following Bellman’s form.

VIKO.YO.8-D:11,2,,0. 5] = Max UG (©0)+ W+ ) EVKE+D.y(+ D50 :11.24,0.5] (4)

subject to (1), (2), (3), k(0),y(0),s() i =1....,N given, t=0,...,0.
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To reduce notational complexity, assume Z=2 and all variables are at timet unless
otherwise noted. Consider the following result derived from maximization of this

problem.

-

Tl%_iSi k! /:cl—si k! /cclE—TZE%—i(l—si k! )/:cz—(l—si k! )/CCZE

AR O ;4 212 el o] elosce]
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-V s k' feo, -8 K /cclE—azE%— a-s )/:(:2—(1—5i k') /cc,

1=1

a
BLBER O G el Bah eV ol (5)
d+rog yo(t+1) g cc, yi(t+)gee, (s gk 0

Equation (5) shows that the decision to adjust shares of animals between
rangeland sub-areas balances relative marginal milk production, relative food aid
contributions, the marginal cost of adjusting shares between time periods, relative
expected herd loss shocks, relative marginal herd growth, relative marginal values of the
rainfall response parameters, and the shadow value of ending the period with a given
share distribution. Note that the herd sizes and shares of the other (N-1) individuals enter
as arguments into the computation of these values. Theindividual’s optimal share
allocation decision is made as a best response to the actions and states of other
individuals.

In the previous section, food aid and raiding were discussed as factors leading
herders to move closer to towns. Consideration of the transition dynamics of this model
identifies how sub-area specific differences in these variables influence short-run
decision-making. Given the complexity of the model, closed form transition dynamics
can only be identified by making simplifying assumptions. Confine attention to the range

of values over which household level milk production and herd growth are increasing
16



functions of the herd share allocated to the area, assume that adjustment of shares
between periods is costless, and hold sub-area specific variables and parameters except
the one in question to be equal. Sub-area one will be used more intensively than in sub-

areatwo by herd k' (t) under either of the following conditions.

1) The contribution of food aid to consumption in sub-area one is higher than in sub-area
two (m > m,).
2) The expected raid lossin sub-area two is greater than in sub-area one (E, |6} |<E, |6} ])
The long run implications of these transition dynamics are derived by solving
equation (5) for an interior steady state equilibrium. Two steps are taken to derive a
closed form expression for this equilibrium. First, the stochastic variables of rainfall and
herd loss are set at their means. Second, all individuals are assumed to have identical herd

sizesin equilibrium. The following condition results.

v [of, Ty +0y)
r % Bk —n 0Oy, O,

Y, [f, (T, +0p) (6)

=(t,+a,)/n+1 /Kk+6,+
(r, +az)/n+m 2 rm2l-s) k-n0y, Of,

(t+oy)/n+m,/k+6, +

Equation six indicates that sub-area one will be lessintensively used than sub-area
two in steady state if the food aid contribution to consumption is greater in sub-area one

or if mean raid lossis higher in sub—areatwo.EI

Equation three indicates that the
difference between short run and long run use patterns results from the lower rainfall
response parameter in sub-area one than in sub-areatwo in steady state. The intensive use
of sub-area one resulting from differencesin food aid or raid loss identified in the
transition dynamics leads to along run difference in the rainfall response parameters of
the respective sub-areas. Taking sub-area one to be the zone around town described in the

previous section, the pattern of degradation in the study area can be explained by the fact

that food aid is distributed from towns and raids are more likely away from towns.
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While the steady state results are unambiguous, the use patterns described for the
transition dynamics were only possible to identify by making restrictive assumptions. An
alternative approach to identifying the effect of parametric differences on sub-areauseis
to use empirical methods to investigate land use choices. Thisis the approach taken in the
following section.

A second objective of the empirical analysis conducted in the following section is
to explore how user heterogeneity influences land use decisions. Asis seen in equation
(5), athough the individual’ s herd size enters as an argument in the optimal decision rule,
the influence of herd size on land-use decisions is ambiguous. The empirical analysis
presented in the following section allows identification of the relationship between herd

size and land use decisions.

V. EMPIRICAL ANALY SIS OF LAND-USE DECISIONS

Data for this study were gathered from 39 Gabra nomadic households in the
Chalbi basin of Marsabit District, Kenya. The data set records household specific
information for four time periods (two rainy seasons and two dry seasons) per-year from
1993 to 1997.EI The longitudinal nature of the data allows empirical exploration of how
land-use decisions made by users of acommon rangeland change in response to changes
in the state of nature as well as changes in the household’ s own characteristics.

The data gathering methodology was retrospective, and the sampling framework
was based on atransect. Enumerators walked between towns of the study area,
interviewing herders at compounds they encountered along their way. As Gabra are

nomadic herders, the logistics involved with sampling from a population list were

18



prohibitively expensive. As seven of the households have incomplete information in
certain periods, and some households were interviewed later in 1997 than were others,
the longitudinal data set used in the estimation is unbalanced.

The focus of the analysis presented in this section is recovery of empirical

patterns corresponding to the variables s'(t-1)+a' (t) in the model presented above. The

first decision considered is the herder’ s base camp location. A herder settling a base camp
in aparticular sub-areais equivalent to sending a share of the herd to this sub-area. The
base camp distance variable measures the hours walk it takes to travel from the base
camp to the nearest town.mAIso included in the estimation is a variable recording the
base camp location in the previous period. This reflects the fact that base camp moves
may be costly, as such moves require dismantling, loading, and reconstructing the base
camp dwelling.

A herder’ s decision to send labor to a satellite camp is viewed as sending animals
to the furthest rangeland sub-area Z. EIThe satellite camp decision is recorded by a
variable indicating the share of the household labor force sent to a satellite camp.EJ
Satellite camps are easily established and dismantled, so no record of the previous period
satellite camp use isincluded in the estimation. Together, the base camp distance from
town and the satellite camp labor variables capture decisions that determine the share of a
herder’ s animals allocated to different rangeland sub-areas in different time periods.

The food aid variable used in the estimation records total maize deliveries
recorded at Kalacha and North Horr for each time period.EIFood aid was available from

1993 until mid-1995 and again in early 1997. Food aid was provided to households

regardless of their wealth status, and maize was the main commodity distributed.
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Rainfall conditions are included as exogenous variables in the estimation
procedure. Three variables are used to capture these changing conditions. The first
records the average of North Horr and Kalacha rainfall in a given six-month period. The
second and third are dummy variables indicating whether the three month period in
guestion is either of the annual rainy seasons. Rainy seasons have two countervailing
influences on location decisions. First, during rainy seasons, the availability of surface
water allows herders to exploit areas |eft vacant during dry seasons. Astowns are built in
areas with permanent water, this leads herders to move animals further from town during
rainy seasons. However, raids also become more common in the rainy season because the
availability of surface water and the relatively good condition of animals make flight with
stolen animals easier. This leads herders to move animals closer to town. An attempt is
made to control for the influence of raid threats on location decisions by including a
dummy variable that records periods when raids occurred.m

A record of aherder’s subjective evaluation of the pasture availability in different
sub-areas is used in the estimation. This variable records relative differences in sub-area
specific stocking pressure. Herders were asked to rank pasture availability at each point
in time for the area within afive-hour walk of town and the area outside this circleon a
scale of oneto five. Pasture availability was defined as a composite measure of sub-area
stocking pressure and sub-area forage production. The variable used in estimation is
constructed by dividing a herder’s evaluation of pasture availability near town by the
evaluation away from town. Asthere are reasons to be concerned about the endogeneity
and accuracy of this variable, results are presented for alternative specifications that

exclude this variable.
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Household characteristics are also included as exogenous variables in the
estimation procedure. A quadratic representation of the age of the household head is
utilized, asis a measure recording the size of the household in adult equival ents;.E"|
Because ownership of baggage camels may reduce the cost of changing locations, a
separate variable records the number of pack camels owned by the household. Also
included is a quadratic representation of a household’s animal wealth recorded in Total
Livestock Units (TL Us).ElAn alternate specification combines the herd size and
household size measures into asingle variable. The specification is estimated using a
guadratic representation of the household herd size per adult equivalent. Table 1 reports
the descriptive statistics of the variables used in the estimation.

[Insert Table 1]

Three major issues must be confronted when estimating the decision rules
described above. First, both dependent variables are by definition non-negative and have
asignificant number of observations at zero (7% for the distance variable, 53% for the
satellite camp variable). Second, the two decision variables are obviously related to each
other. Third, the data set is longitudinal in nature.

Thefirst two issues are addressed by use of simultaneous tobit estimation
methodology following Amemiya (1974) and Maddala (1983). The third is addressed by
explicitly controlling for household specific effects. Define d as the distance from town
variable, sat as the satellite camp variable, y as coefficients on endogenous variables, 3 as
coefficients on exogenous variables, x as exogenous variable matrices, a as time-invariant
household specific effects, and u as unobserved terms. Define the following tobit model,

where i indexes households and t indexes time.
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di =y;sat} + [31'x1it +ay + ulit if  RHS>O0
d=0 if RHS<O
st =y,d! +Bz'x2it +ay, +u2it if RHS>O0
sl =0 if RHS<O

(7)

The approach taken in this study to control for household specific effects follows
Mundlak (1978) by defining a household specific effect for the base camp decision by
a;; =\,'X; +wy, and for the satellite camp decision by a;, =A,'X; +w;, . Let X; record the
mean of household specific variables for household i, t=1,...,T. Inthe estimation
procedure, household specific means are included for the age of the household head, the
age ratio of the husband or eldest son to his wife or mother, the size of the household
herd, and the size of the household in adult equivalents. The random effects represented

by the w parameters are dealt with through the use of simulated maximum likelihood.

Assume that w;; isdrawn from a N(0,0 ) distribution and w,; is drawn from a
N(0,02,) distribution. Take (n,H) pseudo-random draws from two separate N(0,1)

distributions, and assign al t=1,...,T observations for household i=1,...,n in draw
h=1,...,H aunique pair of these draws. The 2 x (n,H) draws are multiplied by a

(2x1)scaling parameter vector 5. The parameter (3,)* provides an estimate of o , and
(5,)% provides an estimate of o2, . Gourieroux and Monfort (1993) state that provided n

and H go to infinity in such away that +/n/H - 0, the parameters resulting from this
estimation are consistent and asymptotically efficient. In the results presented below,
n=39, H=500. The following table presents the results of the alternative model
specifications described above.

[Insert table 2]
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The parameters for the endogenous variablesin all specifications satisfy the
coherency condition described by Amemiya, and indicate that herders view increasing
distance from town and increased use of satellite camp as substitutes. The Wald test
results indicate the fixed effect coefficients are jointly significant for the satellite camp
equation in all three specifications, and for the base camp equation in specification three.
The random effect scaling parameters are significant for both equationsin all model
specifications. The unobserved termsin al specifications are positively correlated,
ranging from 0.75 to 0.70. Joint tests of parameter significance indicate that each
eguation is significant in all specifications considered. The best fit to the dataas
evaluated by the log-likelihood ratio is provided by specification three.

Thefood aid delivery variable has a significant effect on satellite camp use,
suggesting that as the availability of food aid increases, herders decrease their use of
satellite camps. Herders become less willing to move animals to remote areas when there
isfood being distributed from towns.

The coefficients for the rainy season dummy variables indicate use of areas near
town tends to increase during rainy seasons. Thisisinterpreted as aresult of herders
moving animals out of areas they think will become insecure during these periods. This
indirect evidence that raid risk influences location decisions is supported by the negative
signs of coefficients for the dummy variable recording when raids occurred, although
none of these coefficientsis statistically significant. Further research on how ex ante
perceptions of raid risk influence land-use decisions would help to clarify the influence of

Security concerns on migration decisions.
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All three models indicate use of satellite camps increasesin response to relatively
low rainfall realizations over a six-month period, though rainfall levels have no
significant impact on the base camp decision. Thisis consistent with the argument that
mobility is arisk-mitigating strategy, as use of extensive grazing landsincreasesin
response to lower rainfall. Additional support is given to thisinterpretation by the results
for the relative pasture availability measure in specification one. The coefficients indicate
that a higher ratio increases use of the area near town, although in neither case are the
coefficients statistically significant.

The variable recording last period’ s base camp location is significant in all three
specifications. Current period base camp location decision is conditioned on previous
period base camp location. This suggests there is a cost to moving the base camp.
However, the cost of this movement does not appear to be reduced by ownership of pack
camels, asthisvariableis not significant in any specification.

These findings support model predictions that were identified by making
simplifying assumptionsin the previous section. Herder land-use decisions do appear to
respond to differences between sub-areas. Direct evidence is presented that increased
food aid availability decreases satellite camp use, and indirect evidence is provided that
fear of raids during rainy seasons leads herders to move animals closer to towns. These
results support the contention that parametric differences between sub-areas influence use
patterns.

A second objective of the empirical analysis was to identify how user
heterogeneity influences use patterns. In particular, the model indicated that household

herd size plays arole in determining land-use decisions although the direction of this
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influence was not possible to identify. The empirical results clarify how wealth

influences land-use decisions. All three specifications indicate that as a household’ s herd
size increases, both base camp distance from town and satellite camp use increase. These
results are statistically significant in all specifications. Examining the policy significance

of these findings is the objective of the following section.

V. SIMULATION OF ESTIMATION RESULTS

Decreasing livestock numbers as a means to address degradation of shared
rangel ands has been proposed in a variety of settings. Hu, Ready, and Pagoulatos discuss
such apolicy applied at the regional level in China. Doran, Low, and Kemp (1979)
suggest reduction of stocking levels as a response to grazing induced degradation on
commonly held rangelands throughout eastern and southern Africa. Scoones describes
how such policies have been used in Zimbabwe, and Sobania (1979) and Kerven (1993)
discusstheir usein Kenya.

While such policies may be sensible as a means to halting widespread degradation
of a commons, the estimation results indicate such policies may have an ambiguous
influence on arresting localized degradation within acommons. Thisis because policies
that remove animals from household herds a so influence household land-use decisions.
Policies reducing household herd size must balance decreases in stocking levelsin

EIThis section uses

degraded areas against potential increases due to land-use decisions.
simulation methodology to investigate how policies that alter household wealth status

influence stocking rates on degraded rangeland sub-areas.
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Simulation results are presented considering the impact of two second-best policy
mechanisms discussed in recent literature on regulating the commons: a proportional
reduction (Baland and Platteau 1998; Gardner et al 2000), and a uniform quota (Baland
and Platteau 1998). The proportional reduction policy removes from all households an
egual proportion of their herd. In the simulations, this ranges from a 2% reduction to a
20% reduction. The uniform quota policy imposes a maximum upper limit on the herd
size ahousehold is allowed to place on the commons. Thisis defined for quotas imposing
amaximum of 9 TLU/AE up to 27 TLU/AE.

The simulation methodology considers the joint impact of a given policy regime
on the base camp and satellite camp decisions using reduced form estimates of
specification three. The number of draws used to represent the w random effect
parametersis 10,000.

The post-policy herd size of al households predicted to settle their base camp in
the degraded area (within five hours walk of town) is calculated. The post-policy

hal These results are used to calculate the

satellite camp herd sizeis aso calcul ated.
expected total number of livestock units that will be placed on degraded rangelandsin
each time period for each policy considered. The percent change from the baseline
stocking pressure resulting from a given policy is calculated. This exercise is conducted
for agiven policy for each of the various states of the world represented by the 17
different time periods.

[Insert figures two and threg]

Figures two and three report the average and the standard deviation of the

proportionate change in the herd around town generated from the simulation results. For
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each figure, these calcul ations are based on results generated for each policy increment in
each of the 17 time periods covered in the data set. The heavy solid line represents the
average reduction in herd size around town brought about by the policy. The dashed
lines bracketing this line represent one standard deviation above and below this average.
The lighter solid line represents the average change in the total herd size of sample
households resulting from a given policy.

The results presented in figures two and three indicate that for the policy
scenarios considered, a given reduction in overall herd size is never matched by an equal
size reduction in stocking pressure on the degraded area. First consider the proportionate
reduction policy presented in figure two. In every case considered, the decreasein the
herd around town is less than the decrease in the total herd. For reductions of up to 6%,
proportionate reduction policies have no significant impact on stocking pressure around
town. Inthe case of the uniform quota policy, the results are even more graphic. For the
majority of uniform quota policy increments considered, imposition of the quota leadsto
small increases in stocking pressure in the area around town. These increases occur in
spite of the reduction in total herd size.

While contrasting the average change in the total herd with the average change in
the area around town isinformative, it is also important to recognize the influence of
time-period specific effects on policy outcomes. The dashed linesin figures two through
four indicate that the proportional reduction in stocking pressure around town achieved
by agiven policy varies widely over the 17 time periods considered. Such temporal

variability suggests along time period will be required to assess the impact of agiven
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policy. It aso raises the question of whether long-run average change in the stocking
pressure around town is the most important outcome from an ecological standpoint.
Drawing policy implications from these simulations must be done with caution.
Implementation of the policies considered in this section could change the parameters of
land-use decisions. In addition, it is assumed in the simulations that the size of the
degraded sub-area remains constant in spite of the implemented policies. However, the
results establish that user heterogeneity combined with resource heterogeneity can have
serious implications for policies designed to address degradation. Differencesin
household herd sizes, and the rel ationship between herd size and the spatial pattern of
exploitation, can lead policies designed to address degradation to be less effective than

envisioned. In some cases, the policies can actually exacerbate localized degradation.

VI. CONCLUSION

This study examines the implications of user and resource heterogeneity for
exploitation patterns and policy measures in acommons. Recognition of user and
resource heterogeneity helps explain how localized degradation can occur even though
the total commonsis not overstocked. Total livestock population below the common’s
carrying capacity is a necessary, rather than a sufficient, condition for the prevention of
degradation in a heterogeneous commons. This provides an important qualification to
recent range ecology literature that suggests stochastic shocks to aggregate herd size are
sufficient to prevent rangeland degradation from occurring.

The reasons for formally recognizing resource heterogeneity can be made clear by

asking if there were insights gained through use of the spatially explicit model that were
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not obtainable by applying a simple common property model to areas identified as
degraded. The ssimple model appliesin this setting, as access to rangel ands around towns
is shared, and is successful in predicting the outcome, as the evidence suggests these
areas are overstocked. What is the justification for devel oping the more complicated
model presented in this study?

Onejustification is that the simple model is logically flawed in this context. The
simple model explains resource overuse as the result of incentive problems originating in
the tenure arrangement. However, this cannot be the explanation for why degradation is
occurring in the study area because degraded areas are under the same tenure regime as
undegraded areas. Applying the simple model to degraded areas exclusively leaves
unexplored the higher order economic question of how some areas within acommons
became degraded while others did not even though both types of areas are under the same
tenure regime.

A second reason for explicitly recognizing spatial heterogeneity in the analysisis
to improve policy recommendations. Applying the simple model to the degraded area
exclusively generates the policy implication that since there are too many animals grazing
in this area, some must be removed. Thisis an incomplete result, as it does not make use
of the information that overused areas are adjacent to underused areas. Incorporation of
thisinformation reveals avariety of policy aternatives available to reduce animal
numbers in degraded areas that are not identified by the simple model. Recognizing there
are parametric differences between degraded and undegraded areas reveals these policy
aternatives. For example, the spatial model suggests use of rangel ands around towns will

decrease if food aid is distributed in remote rangeland sub-areas and if security is
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increased in areas currently underutilized due to fear of raids. A weakness of the current
study is that it does not provide direct evidence on the relative potential of such policies
to decrease |ocalized stocking pressure. Further research will be needed to assess the
costs and benefits involved with implementing such policies to address degradation.

In asimilar fashion, it should be asked what insights were gained by explicit
recognition of user heterogeneity in this study. Herd size heterogeneity at the household
level was found to play acritical role in determining the spatial pattern of resource
exploitation. Explicit recognition of user heterogeneity led to the conclusion that a
changein thetotal herd size has an ambiguous rel ationship with the change in stocking
pressure in degraded sub-areas. At best, herd size reductions have a dampened impact on
stocking pressure in degraded areas. At worst, they may backfire and lead to an increase
in stocking pressure in these areas.

The broader implication of this study isthat policy implications derived from
common property models that assume user and resource homogeneity may be
inappropriate if applied to settings that violate these assumptions. It is aso found that
explicit recognition of user and resource heterogeneity can lead to the discovery of policy
measures not identified by simpler models. This study finds that if user and resource
heterogeneity exist in acommons, appropriate analysis and policy definition require
explicit attention be paid to the influence of these factors on the common property system

under analysis.
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Figure One: Estimated Herd Size1963-1998 Compared to Ecological Carrying Capacity.
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Popul ation estimates are provided in Schwartz, Shaabani, and Walther and from the
District Livestock Office in Marsabit.

Short rains carrying capacity is approximately 1/3™ of long rains carrying capacity. The
estimated ecological carrying capacity is calculated from information provided by
Schwartz, Shaabani, and Walther.

Moyale District was separated from Marsabit District in 1996. Data from the Moyale

District Livestock Office on livestock population is only available for 1998, when total
herd size is reported to be 72,000 TLU.
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Figure Two: Simulation Results of a Proportional Herd Size Reduction Policy
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Figure Three: Simulation Results of a Uniform Quota Policy
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Table One: Means and Standard Deviations of Variables

Variable Mean Standard
Deviation
Distance base camp to town in hourswalk 5.13 4.78
Percent of labor force at satellite camp 0.12 0.15
Rainfall in mm over past six months 58.39 42.09
Long Rains Dummy 0.27 0.45
Short Rains Dummy 0.24 0.43
Ratio of pasture availability in zone one to zone two 0.78 0.26
Raid Dummy 0.43 0.49
Food aid deliveriesin tons per period 72.37 88.97
Age of household head 47.12 14.33
Ageratio husband and wife 1.38 0.50
Household sizein Adult Equivalents 5.04 217
Herd Size (TLU) 42.67 31.13
Herd Size per Adult Equivalent (TLU / AE) 9.07 5.14
Number of Pack Camels 2.04 1.74

677 observations, 39 households
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Table Two: Full Information Simulated Maximum Likelihood Parameter Estimates
(standard errorsin parentheses, * ,** *** indicate significant at 0.1%, 0.05%, and 0.01% respectively)

Specification One Specification Two Specification Three
Base Satellite Base Satellite Base Satellite
_ -0.1680 *** - -0.1587 *** _ -0.1661 ***
Yd (0.0363) (0.0337) (0.0356)
y -1.7134 #x _ -1.6541% _ -1.5320 *** _
sat (0.3078) (0.2570) (0.2533)
Herd Size 0.6499 ** 0.4677 *** 0.6229 *** 0.4543 **+ _ _
(x103) (0.2454) (0.1159) (0.2363) (0.1152)
Herd Size” -0.1601 ** -0.1006 ** -0.1531 ** -0.0948 ** _ _
(x10™% (0.0759) (0.0391) (0.0730) (0.0383)
Household -0.6433 -0.1837 -0.6570 -0.2070 _ _
Size(x10%) (0.7000) (0.3008) (0.7098) (0.3027)
Herd Size / AE _ _ _ _ 0.5502 *** 0.4532 ***
(x10?) (0.1684) (0.0856)
Herd Size / AE _ _ _ _ -0.1489 *** -0.1289 ***
(x10™ (0.0559) (0.0284)
Pasture availability |-0.3464 -0.4463 _ _ _ _
ratio (x10™")  |(0.7055) (0.3117)
Rainfall 0.3146 -0.6068 ** 0.2862 -0.7077 ** 0.4504 -0.6041 **
(x10) (0.5289) (0.2598) (0.5187) (0.2539) (0.5154) (0.2572)
Long Rains -0.2542 *%  .0,2183 *** -0.2493 *** -0.2218 *** -0.2334 *** -0.2232 ***
Dummy (0.0539) (0.0245) (0.0511) (0.0236) (0.0502) (0.2376)
Short Rains 0.0219 -0.0496 ** 0.0253 -0.0497 *** 0.0307 -0.0467 **
Dummy (0.0445) (0.0189) (0.0437) (0.0188) (0.0431) (0.0187)
Raid Dumm -0.0198 -0.0031 -0.0206 -0.0044 -0.0134 -0.0012
y
(0.0368) (0.0161) (0.0365) (0.0162) (0.0361) (0.0161)
Food Aid -0.0300 -0.2378 * -0.0513 -0.2743 ** 0.0664 -0.2232 *
(x10) (0.3115) (0.1323) (0.3032) (0.1286) (0.3055) (0.1348)
Age HH head 1.9530 -1.3317 1.9065 -1.5699 1.8729 -1.4400
g
(x10) (2.4037) (1.3348) (2.4627) (1.1979) (2.1653) (1.2376)
Age HH head® |-2.4223 ** -1.6206 * -2.3982 ** -1.5549 ** -2.2693 ** -1.5311 *
(x10™ (0.9095) (0.8346) (0.9543) (0.6307) (0.8919) (0.7853)
Number of Pack |-0.0061 _ -0.0037 _ -0.0076 _
Camels (0.0147) (0.0143) (0.0138)
Last period 0.4035 *** _ 0.4094 *** _ 0.4077 *** _
Distance (0.0427) (0.0403) (0.0399)
Constant -0.1543 -0.1403 -0.2223 -0.1170 -0.4720 *** -0.4857 **
(0.2090) (0.1821) (0.2062) (0.1390) (0.2193) (0.1671)
o 0.4259*+ 0.1716 *** 0.4236 *** 0.1710 ** 0.4179 *** 0.1696 ***
(0.0166) (0.0075) (0.0152) (0.0074) (0.0145) (0.0074)
O 0.0550 *** 0.0523 *** 0.0496 ***
(0.0082) (0.0072) (0.0077)
5 -0.0929 *** 0.1250 *** -0.0928 *** 0.1349*+ 0.0909 *** 0.1275 ***
(0.0258) (0.0276) (0.0267) (0.0231) (0.0248) (0.0221)
X2 A=0 6.8 29.2 *x* 5.4 30.5 *+* 16.6 *** 37.9 #x
x2 A=0,B=0 601.5 * 251,3 * 602.9 ** 244.0 639.7 ** 263.6 ***
LnL 463.2 463.7 457.4
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Endnotes

! Specifically, it is argued that areas with mean annual rainfall levels below 400 mm per
year and coefficients of variation for rainfall greater than 30 (Coppock 1993) production
conditions make it unlikely that animal populations are the fundamental cause of changes

in rangeland productivity.

? Rainfall datawas graciously provided by the Catholic mission in North Horr and the
A.1.C. mission in Kalacha. The coefficient of variation is calculated for annual rainfall

data covering the period 1977-1996 in North Horr.

% Robinson also makes it clear that historically, Gabra have been the raiders as much as
they have been the raided. Gabraraiding is not represented in this study for two reasons.
First, the downside risk of suffering araid is clearly more important to a study of land-
use decision making. Second, during the study period, Gabra were much more frequently

raided than they were raiders.

* The District level carrying capacity reported in figure one was derived by summing
carrying capacity estimates for 23 sub-areas of the District defined in the Range
Management Handbook. This was necessary, as livestock population estimates are only

available for the District asawhole.

® Schwartz, Shaabani, and Walther define carrying capacity as forage production in an
area times the percent allowable offtake of this forage divided by animal forage
requirements per day times the maximum number of days of allowable use. All but the

42



animal forage requirements are specified as functions of mean annual rainfall. The
functional form of the forage production function isdefined to bea+ b * rainfall. In
simplest terms, changes to the variable y can be considered as changes to the parameter b,

although a broader lumped parameter interpretation is possible.

® |t is assumed that a share of the household labor force proportionate to the share of the
herd is required to supervise the animals sent to a particular zone and that adjustment

decisions are made after the rainfall variable is observed.

’ Note that both the milk production function and the herd growth function assume the
stocking level at which production declines occur isidentical to the stocking level at
which ecological degradation occurs. Although it is assumed here for smplicity, this

need not be the case.

8 Analysis of equation six also indicates use of sub-area one will aso be higher than use

of sub-areatwo in steady state equilibrium if ©, >1,,a, >a,,y, >y,,or rf; >rf,.

® There are two rainy seasons per-year in northern Kenya. What is called the long rains
occurs in March-May while the short rains occur in mid-September- mid-December. Two

dry seasons of approximately three months length separate the rainy seasons.

19 A drawback of this definition is that it is a one-dimensional representation of a two

dimensional location. The one-dimensional measure was chosen because it isasimple
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measure that allows direct comparison of locations to the pattern of degradation in the

study area.

1 Base camps within one hour of town are defined as being in town (O distance) as they
effectively are using the rangelands of the town. While thereis no upper limit imposed on
how far a base camp can be from town, only 1% of base camps were reported to be
located more than 24 hours from town. Most satellite camps are located more than 24

hours from town.

2 In this area, herders rarely send animals to other herders' satellite camps, and in no
case established more than one satellite camp. The variable recording household labor
allocation to satellite camp was selected over a variable recording the number of animals
sent to satellite camp, as respondents often were not able to answer the latter with any

certainty.

13 Data were obtained by the author at the Catholic mission in North Horr and the A.I.C.

mission in Kalacha .

14 Given the retrospective nature of the data collection, this variable is unfortunately an ex
post description of when araid occurred rather than an ex ante description of when raids

were anticipated.

!> The household equivalent scale follows Martin (1985). Males and females ol der than

15 years old equal 1 household adult equivalent, ages 5-14 equal 0.6 household



equivalent, ages 2-5 equal 0.3 household equivalent, and ages below 2 equal 0.1

household equivalent.

'® Herd sizeis measured in Tropical Livestock Units (TLUS), where 0.7 camel=1head of
cattle=10 smallstock. This differs slightly from the weighting scheme reported in
Schwartz, Shaabani, and Walther, as this source suggests 11 goats = 10 sheep = 1 TLU.
The data set records the combined smallstock herd size, so no distinction is made

between sheep and goats.

17 Consider the following (non-exhaustive) set of possibilities. The size of ahousehold's
herd in the degraded area after a herd reduction policy isimplemented can be: unchanged
if ahousehold has all animals at a base camp that is outside the degraded area even after
the policy isimplemented; increased if the household has all animals at a base camp that
ismoved from outside the degraded area into the degraded area when the policy is
implemented; decreased if the household had all animals at a base camp within the
degraded area before the policy was implemented; ambiguous if animals are moved from

a satellite camp to a base camp in the degraded area due to the policy.

' The simulation uses a result from the data set that, on average, 1 adult equivalent at

satellite camp herds 19 livestock units.
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