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Individual Rationality and Collective Irrationality in

Pastoral Production: Evidence from Northern Kenya

Abstract:

This study explores the individual and collectiaéionality of livestock accumulation in pastoral
production using data gathered in northern Keriyasults suggest accumulating wealth in
livestock even when facing the prospect of suddamdtic loss makes sense at the household
level, and that there is limited empirical supgorthe contention that herd accumulation at the
household level imposes a cost on other househdésconclude by arguing the record of
failure in pastoral development may be at leadigiyrdue to a faulty conceptual foundation,

and suggest facilitating herd accumulation mayrafiere promise than discouraging it.



1. Introduction

How can it be rational for pastoral householdsdouaulate animals over a period of
years only to watch a large share of them diero# short period of time? And even if we
accept that it makes sense at the household isa&lherd accumulation at the household level
collectively irrational due to negative externagiimposed on other households? This study
uses data gathered from pastoral herders in narkenya to answer these two questions. The
empirical approach taken in this study is desigedkvelop understanding of pastoral
production in arid and semi-arid African rangelandse findings of this study shed light on the
historical failure of pastoral development effatsl provide suggestions for future research and
development efforts in pastoral rangelands.

We take as a starting point the “boom and bustfasyof livestock populations in the
pastoral rangelands of Africa noted by many obssr{féafchamps, 1998; Coppock, 1994;
Livingstone, 1986). Herd size grows steadily cwgeriod of years in a boom phase, only to
have these gains erased during a short bust pNdedirst consider the question of individual
rationality in such an environment.

Incentives inducing herd accumulation have beenrdesd as originating in the common
property nature of tenure arrangements in pastargjelands (Jarvis, 1980; Hardin, 1968), from
cultural norms that confer status and prestigartgd herd owners (Doraat al. 1979;

Herskovits, 1926), and in response to the highyalde nature of livestock production in semi-
arid and arid areas (Sanford, 1983). We focustitte on the final argument; to what extent can
we identify empirically livestock accumulation asiadividually rational strategy to adopt in the
variable production environment facing Gabra padits in northern Kenya? If herd

accumulation is primarily occurring in responseit@ertainty about future exogenous variables



such as rainfall and disease, efforts to influend&ural norms or land tenure patterns that do not
reduce uncertainty will have limited impact.

Section three of this study presents evidence emdtionality at the household level of
livestock accumulation when it is almost certaiattbudden, massive herd losses will occur with
some frequency. We analyze the incentives to aatatmlivestock in terms of: how
accumulation affects household income; how thermstto wealth kept in livestock compare to a
formal savings alternative; and how accumulationegas aex anteself-insurance strategy.
Overall, we find in this study that herd accumwatmakes a great deal of sense as a response to
the highly risky production environment of the stiadea. This limits the effectiveness, and
calls into question the usefulness, of effortsiszaurage accumulation through modifying the
land tenure system or cultural values if thereoeffort to decrease production risk.

Even if one accepts the contention that livestadumulation individually rational, this
leaves unanswered the charge that such accumuiatoatiectively irrational. Previous studies
describe three interrelated manifestations of tiective irrationality of herd accumulation:
grazing induced environmental degradation, endoggmpdriggered livestock population cycles;
and lowered productivity of animals. We consider three manifestations of collective
irrationality in turn.

Pastoral production has been described as ecollygiestructive due to the long-term
impact of larger than optimal herd size on a gigasture resource (Hat al, 1997; Lamprey,
1983; Brown 1971). Doraet al. (1979) argue “the tendency to retain or increastfecnumbers
even under adverse environmental conditions isdesyread and characteristic feature of many
African societies. The observation that Africaatav perhaps the classic example of a continent

suffering soil erosion caused by overgrazing isfeection of the nature and extent of the



problem” (p. 41). Preventing or reversing envir@mtal degradation requires a transformation
of pastoral land use patterns and cultural att§utleough extension and education, land tenure
reform, or external regulation as a second bespoptBarnes (1979) argues “The future of large
tracts of Africa thus depends, in the first insemn drastic changes in traditional attitudes
towards land-use among relatively unsophisticatetiumeducated indigenous peoples. The can
only be brought about by concerted and well-plarpregrams of rural reform and education...”
(p.51). Doraret al.find “...it will be necessary either to implementaseres that will induce
stockowners to sell more cattle or, alternativedyenforce control of cattle numbers.” (p. 45).
Jarvis (1980) in response suggests “the principadyction problem...would seem to be the
communal grazing system...The subdivision of the ediog private use is the economically
preferred policy...the implementation of direct catdron the number of animals which herders
will be permitted to graze is the next best sohitip. 611-613).

A different concern raised in the literature isttbadden herd die-offs result from an
interaction between aggregate stocking pressur@asttire availability. The individual’'s goal
of livestock accumulation leads to the collectivietational outcome that either growth is
slowed in normal years, a sudden die-off of aninsteade more likely in drought years, or
both. Fafchamps (1998) argues “it is generallgadrthat the overexploitation of the available
pasture is at the root of livestock cycles, and tihia overexploitation —or overgrazing — is the
result of common or open access”. He notes thilabadh the timing of the bust phase of a boom
and bust cycle may depend on exogenous rainfatlkshoit fundamentally results from the
accumulation of animals beyond the carrying capaafithe range”. This view assumes the

sudden losses of a bust phase are triggered bggaggrherd size exceeding forage availability.



Desta and Coppock (2002) present a variation arntfi@me, suggesting that certain
combinations of stocking pressure and rainfalldtfican trigger livestock population drops.

Finally, recent theoretical studies focus on hax@stock accumulation by one household
impacts the production of other households in comynbeld rangelands (McCarthy, 2000;
Goodhue and McCarthy, 2000; Fafchamps 1998). Tékeskes suggest that growth in the
individual household’s herd decreases productiorapanal in the herds of other users of the
rangeland. Herren (1991) postulates that in thedsliesetting he is investigating “[h]igher
stocking rates may have resulted in a decreasedtiptivity per animal, resulting in a lower
food output from a family herd of a given number(p’ 99). Given that pasture is limited, each
user of a common rangeland makes decisions that dr@vmpact on other users in terms of
current period benefits such as herd weight gamitk production.

The policy response to each type of collectiveimreality is to discourage herd
accumulation due to the negative externalitiegitagates. The logical foundation of such
policies is that herders will be made better othdy can somehow be restrained from engaging
in collectively irrational behavior.

Recent studies adopting the “new range ecologytaaah are critical of such policies,
and challenge the assumption that herd accumulatitre household level is collectively
irrational in arid and semi-arid areas (Hellden1;99omewood and Rogers 1987, McCabe and
Ellis 1987). It is argued that under the climatinditions characterizing these aréd&quent
droughts ensure livestock populations rarely réachls where negative environmental
externalities are generated (Abel 1993; Biot 13&ones 1993; Westoby, Walker, and Noy-

Meir 1989; Ellis and Swift 1988; Sanford 1983).



This study shares the skepticism about the presginoegative externalities in pastoral
production with the new range ecology approactoweéler, we here consider not only
environmental externalities, but investigate engpity a variety of different externalities that
have been proposed in the literature on pastoralMfa also suggest that the focus of the new
range ecology on aggregate stocking rates on a&lamd)can overlook critical issues of spatial
distribution of these animals. Overall, we finérh is little evidence to suggest welfare of
pastoralists will be improved by policies that distage herd accumulation. We do find that
efforts to combine herd accumulation with effodstipport spatial mobility offer a foundation
for development efforts in this area. In our cosabns, we suggest that the overwhelming
failure of development efforts in pastoral areaatiast partially due to the flawed conceptual
foundation of past efforts. We argue that futuferes based on careful empirical research offer

some hope for a more optimistic future for develeptpolicies in pastoral areas.

2. Description of the Study Area and Data

This study uses data gathered in two areas of Mam&strict, Kenya occupied by Gabra
pastoralists; the Chalbi area and the Dukana dBedora inhabit the arid rangelands of the
Kenya — Ethiopia frontiet. Gabra are a Cushitic speaking group who shaaaguhge with the
cattle keeping Boran and share many cultural prestand clans with the neighboring camel
keeping Rendille and Somali (Schlee, 1989).

Gabra society is divided into two moieties and feetion$ (Torry, 1973). The highest
level of political and social organization in Galordture is the section, which is led by a group
of elders in a ritually important village calleyaa Sections are associated with particular

broadly defined geographical areas, but there isxatusive right to graze animals in an area



associated with membership in a particular sectheary, 1984). Each household has the
right to migrate and graze anywhere in “Gabralahitihe majority of households in the Chalbi
sample belong to th&lganasection while the majority of household in the Bo& sample
belong to theGara section.

The unit of analysis of this study is the Gabradatwld. Torry (1973) and O’'Leary
(1984) present detailed household level analys@aiira, and we follow their convention of
defining a Gabra household as a herd owning usidlireg in a single dwelling. As women are
not allowed to own animals, a household is centered husband or in the absence of a
husband, an eldest son supervised by his unclésusehold has at least some members
resident in a base camp throughout the year. &ke bamp is centered on a moveable hut that is
approximately 4 meters in diameter surrounded gitrenclosures for animals that are
constructed of thorny branches. Women and chiltgad to be permanent residents of the base
camp. Base camps are moved every few months.n @ftaips of households move together
from one site to another in the short term, buséhgroups are not stable over longer time
periods. Gabra households also use satellite ganitpere animals are sent to remote grazing
areas away from the base camp. Young men tenel tioebresidents of these temporary and
highly mobile satellite camps.

Gabra society has experienced rapid change inasiefew decades. In particular, Gabra
are increasingly influenced by national and intéamel political and economic forces (KHRC
2000; Tablino 1999; Tablino 1996; O’Leary 1984 he§e changes present both new challenges
and opportunities. Many of the issues describeBraykin (1991) for the neighboring Ariaal
hold true for Gabra — a new constellation of gowsnt agencies, hon-governmental

organizations, and mission activities presents cealenges and opportunities that need to be



reconciled with traditional structures and rulés is the case throughout northern Kenya, a
profound change over the past forty years has theerapid growth of settled populations in
small market towns. While by no means denyingrh@ortance of these new developments, we
wish in this study to place emphasis on the ecoa@mnditions facing pastoralists who have not
settled in these towns and who continue to mignatte their herds in the Gabra rangelands.

This study is based on interviews with 39 herderthe Chalbi area and 49 households in
the Dukana area conducted in 1997 - 1998. ThebCheda borders the Chalbi desert, and is an
extremely arid production environment. The Dukarea lies approximately 100 kilometers to
the north of the Chalbi area and is slightly lesd #than the Chalbi area, but has fewer watering
points.

The questionnaire was retrospective in nature rde#eg information for four time
periods per-year for each of the years 1993-13ithin a year, the four time periods
correspond to the bimodal rainfall pattern of theaa the long rains, the dry season following
these rains, the short rains, and the dry seadlowfog these rains. Each period is roughly
three months in length. This approach providedipialdata points for a given household (from
16 to 20 data points per household depending omwhiehousehold was interviewédjhe
sampling method chosen was based on the idearafisect, as no list of pastoral households
existed for this area. Enumerators moved betwieemiain towns of the study area (Kalacha
and North Horr in Chalbi and Sabarei and DukartaénDukana area) interviewing herders they
encountered at nomadic camps along the way.

Respondents were asked to report the followingaistes for each time peritidages of
household members; household Sit®usehold herd size and species compositiors §alm

the household herd, characteristics and price mera sold; slaughters from the household



herd, and characteristics of animals slaughteradsters into and out of the herd and
characteristics of animals transferred; milk prdasucand milk sales; and other sources of
household income. Stock variables are recordeg@exting period levels, flow variables
recorded for within period levels. Variables reigtto livestock are recorded in total livestock
units (TLU), where 1 livestock unit = 10 sheep oaty = 1 head of cattle = 0.7 camels
(Schwartz et al 1991).

Household heads were also asked to rank on asicafe to five the following variables
for each rainy season — dry season pair: pasuaitahility, forage production, and stocking
pressuré’ Pasture availability was described as a meadurevo easy it was for the animals to
become satisfied, forage production as a measuteamount of animal feed produced, and
stocking pressure the number of animals usingahgeland. Herders were asked to provide
these subjective rankings for two different areasefich time period, the area within a five-hour
walk from town and the area more than a five-hoalkvirom town. A rainy season — dry season
pair is last six months, in contrast to the thremth periods described above.

Variables exogenous to the household are als@dedan the data set for each three
month time period. The average price receivedfale goats is recorded and was computed
from the age adjusted average of all observatioisd sample for that time period. A variable
records the tons of food aid delivered to the towfthe study area in a given time period based
on information obtained from the distribution agiesc Four variables are used to record rainfall
characteristics of a given time period; one measto®l rainfall over the past six months; a
second measure indicates the fraction of the sitintmtal that fell in the current three month
season; and the other two are dummy variablesebatd whether the period in question is one

of the two annual rainy seasons. Rainfall infoioratvas gathered at the North Horr Catholic
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mission and the Kalacha African Inland Church noigsiTable one presents summary statistics

of variables used in later regressions.

[Insert Table One]

3. Household Level Rationality and Livestock Accumlation

A. Income Production

Gabra rangelands are the most arid in all of e&#taA(FAO 1971). Robinson (1985)
describes the environment as “...one of rugged dign|asearing winds and unrelenting sun”
(p-43). Mean annual rainfall is below 300 milliraeg for the vast majority of Gabra rangelands,
making rain-fed cultivation impossible (Schwartagt Rainfall is highly variable temporally.
Figure one presents the annual rainfall level edrat the North Horr Catholic mission from
1977 to 2000. The coefficient of variation for aahrainfall in North Horr for the period 1977-
2000 is 55. In addition, the intra-annual variatio rainfall is demonstrated in figure two which
reports average rainfall by month when averagesaloeilated for the period 1977-2000 using
the North Horr data.

[Insert figure one]
[Insert figure two]

Rainfall is also highly variable spatially. Monghtainfall totals for two rainfall stations
in the Chalbi area (North Horr and Kalacha) fromukay 1993 to May 1997 are presented in
figure three. Although these sites are only 506rkitters apart, the correlation in monthly
rainfall is only 0.66 for the 53 months for whicle Wwave data for both sites. Further, it can be

seen by visual inspection of the graph that thezeaultiple occurrences of the event that one
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site recorded rainfall while the other site recardero rainfall. Clearly, spatial mobility is a
critical element of production when rainfall issgsatially variable as demonstrated by figure
three.

[Insert figure three]

In addition to variability in rainfall, householdsust confront variability in herd size over
time. The historical record suggests herd loseefr@quent in this area. In the post-
independence era, widespread herd losses areegdpori 965, 1970-1, 1975-6, 1980, 1983,
1991-2 and 1996 (Tablino, 1999; O’Leary, 1987; Rsbin 1985) and continue, as evidenced by
losses in 2000. The data set contains seasorfispefdrmation on households starting in early
1993 and ending in 1997. The data set beginswallgp widespread herd losses in 1991-1992.
Using district wide livestock population figuresoprded by the District Livestock Office in
Marsabit, the livestock population in 1993 was 5dPthe 1991 livestock population. Returning
to the sample gathered for this study, by mid 1i9@6size of the average Chalbi herd had
increased by an average of 68% and in Dukana by\88ét herds are measured in total
livestock units (TLU’s). However, in late 1996, &hi households experienced sudden herd
loss. Between the middle of 1996 and early 1994 alverage household herd in Chalbi
decreased by 50%. As can be seen in figure otleebljnes representing offtake levels, this
decline was almost entirely due to mortality, ratien sales or slaughters.

[Insert Figure One]

Household food security can be threatened by sagdek as households derive their
livelihoods from herds of camels, cattle, sheepguats (hereafter, sheep and goats will be
grouped into a single category termed “smallstock’he data indicate households depend

almost entirely on livestock and livestock produotsthe generation of income. Assigning

12



market values to home consumed goods reveals nheterage, 72% of total income is obtained
from milk produced by the household herd; 14% imwled by the sale of animals; 13% is
obtained by home consumption of slaughtered anjmals$ 1% is obtained by skin and hide
sales, gifts, and remittances.

This derived income measure indicates average iaqmmadult equivalent per-day is
$0.61 in Chalbi and $0.38 in Dukana using the emgkaate provided in World Bank tables
(2002). Not only is average income low, therels® @ great deal of variability around these
averages over time at the household level. Theageehousehold level coefficient of variation
for the income measure over the different timequiirecorded for each household is 45 in
Chalbi and 51 in Dukana. Since the great majarfityycome is directly consumed by the
household, this suggests a high degree of tempargbility in household consumption. Not
only are household poor on average, but they fagtgyhuncertain income over tinfe.

Given the reliance of Gabra pastoralists on tinestock for income, and the
dependence of these livestock on rain fed pastursustenance, income is likely to be
influenced by both changes in herd size and chaingasnfall conditions. To investigate the
importance of different variables on household memver time, income per-person per-day is
estimated as a function of household herd siz&, b@mposition as measured by the fraction of
herd TLU accounted for by smallstock, and housebbhtacteristics such as age of the oldest
male, age of the oldest female and household simeeasured in adult equivalents. The
estimation also includes as regressors variablegemous to the household recording rainfall
over the past six months, the fraction of six mamihfall that fell in the current period, whether
the period is supposed to be a rainy season, #rage price of a male goat, food aid deliveries,

year dummies and a time trend by period. Estimaia@onducted controlling for household
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specific fixed-effects, as all time period spechimusehold variables are differenced from their
household specific mean for all periods.
[Insert Table Two]

Results indicate there is an obvious explanationtof herders seek to accumulate
animals- more animals means increased income. éding finding is perhaps somewhat
obvious, it merits note for two reasons. Firstléarly demonstrates that viewing herd
accumulation solely as a result of cultural at@sidsay in order to gain prestige, is inadequate.
As households accumulate animals, their incomesas®s. Second, it clearly demonstrates that
the direct impact of policy measures that redugmals at the household level is to reduce
income. While such measures can lead to overa#fiienf there are in fact negative
externalities that they address, the direct effetite only effect if no such externalities exist,
that is to say the policies reduce household welfar

We simulate these results to compare income leisiigy the average herd size in mid
1996 compared to average herd size in early 198akl all else constant. Estimated income
per person per day using the 1996 average herdssf6 greater than the value obtained using
the 1993 average herd size, all else held constante consider the negative impact of the herd
losses of late 1996, income per person per daydses 34% due to the average herd loss from
mid 1996 to early 1997. The results also illugttaitat households are exposed to risk through
rainfall failure. A total rainfall failure implga 13% reduction in income from the mean value
of rainfall, all else held constant. Results afgticate that income level is not significantly
influenced by the price variable. Even thoughehsra high degree of unpredictability in
livestock pricing in this area (Barredt al.,2003), it appears households have developed

effectiveex posttoping mechanisms to deal with such unpredictabilib addition, the variable
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recording food aid deliveries to the study areaossignificantly related to changes in household
income!? If food aid deliveries were effective in respamglto temporary low income crises or

if households reduced income generation activitigesponse to free food aid, we would expect
a negative relationship between income and foodlalideries. This finding suggests that food
aid is either very small in quantity or is not wigthed as a relief measure.

B. Herd Growth

While accumulation of livestock is clearly relatidncreased income, a different
perspective on livestock accumulation can be obthlyy considering the rates of return to
capital held in livestock. While the above seciiodicated it is sensible for households to
accumulate livestock to increase income, it wag s¢en that livestock assets can be suddenly
lost, leading to the possibility of a householdd®®curity crisis. Would it not be prudent for
households to convert some of their inherentlyyriskestock wealth into less risky formal
savings that can be used to prevent a food seaurdig in the future or self-restock through
markets after the crisis has passed?

We investigate this question by first consideriatgs of return to capital held in the form
of livestock, excluding the income generation basefiscussed in the previous section. We
begin by noting there are differences between bendposition and rates of change in the two
study areas. The average composition of the é@3 Chalbi herd (measured in TLU) in was
51% smallstock, 36% camels, and 13% cattle. IndDakthe figures are 47% smallstock, 30%
camels, and 23% cattle. Table three presentsniation on herd growth rates over a 3 ¥z year
period for each species in each area. Particuterigble is the rapid increase in Chalbi livestock
over the 3 % year period followed by the rapid ohecbver the following six month period.

[Insert Table Three]
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Information presented in table three compares amaigherd size stocks over time.

This does not reflect the rate of return to livektoapital fully, as it does not include measures
of cumulative flows of livestock during the periotf.the cumulative record of safés

slaughters, and net transfers over the 1993-1986dbare added to the stock variable of early
1997 herd size used in the previous growth calicuat it is found that Chalbi herds measured in
TLU terms returned an average annual rate of 6% farly 1993 and early 1997 (standard
deviation 0.11, 28% of households experienced negedtes), while Dukana herds averaged
15% annualized livestock rates of return over #raesperiod (standard deviation of 0.15, 12%
of households experienced negative ratés).

Development programs in this area have for manysyemphasized the positive
opportunity offered by formal savings, yet partatipn rates in formal savings are extremely
low (Osterloh, 2001; Lusigi, 1984). Contrastinggh livestock rates of return with the returns to
formal savings in the study area illustrates whyaty require more than extension efforts to
persuade herders to convert capital held as ligkstdo formal savings in this area. Given
current banking regulations at the nearest forraakbn the district capital, a cash deposit the
equivalent of roughly 25 goats’ value or more wordtlirn approximately 2% per-year over a
four-year period, between 18 and 25 goats woulldl deeturn of - 44 %, and an account of
lower value than 18 goats would be completely getsid by service charges in four year’s time,
earning a rate of return of - 100%. The positate 1of return threshold herd of 25 goats is
roughly 10% of average household herd size, ardusvalent to more than half of the average
household’s total livestock sales over the fourytady period. Even including the losses of
late 1996, and excluding the benefits of incomeegation and the costs associated with

accessing savings in the district capital, livelst@ising offers a higher average rate of return
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than savings. While it could be argued that forbaaiking may still be attractive in terms of
reduced variance in return, discussions with herdaggest viewing bank savings as low risk
may not be appropriate as herders express doubis i safety of money placed in bafks.

Even if formal savings returns are improved, the ofsfinancial savings to self-restock
may be of limited effectiveness due to the natdith® livestock market in this area. Livestock
markets in this area are designed for the expartalé animals from the pastoral area to the
Nairobi market (Schwartet al, 1991). Analysis of sales data at the distaeel suggests
female animals account for less than®é8 animals sold in the market (Barrettal, 2003),
which is consistent with information on the chaeaistics of animals sold at the household level
gathered for this study. The data gathered ferghudy also indicates that marketed female
animals are on average older than marketed mateadsi Herders contend that even when the
do find female animals in markets that can be @igecestocking, they are apprehensive about
buying such animals due to their limited informatmn animal reproductive status and potential.
The current livestock market structure in the starba is not well suited to the role of allowing
self-restocking through market mechanisms. Thiwides further insight into why households
chose to self-insure through livestock accumulation

Finally, direct attention can be placed on theai¥eness of household level herd
accumulation as an ex ante risk management strategpalyzing information on livestock
losses during the crisis period in the Chalbi te (896 illustrated in figure one. For the Chalbi
sample, post-crisis early 1997 household herdisizegressed on the following variables:
household herd size in early 1996 and its squhesfraction of early 1996 household herd TLU
that is accounted for by smallstock; early 1996dedtold size in adult equivalents; and the total

household specific TLU value of sales and the t6td) value of slaughters from early 1993 to
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early 1996. The final two variables are includedae whether offtake can decrease herd loss by

culling weaker animals or by allowing access tdhdasm sales revenue for the purchase of

veterinary inputs or feed supplements. The resiltis regression are reported in table four.
[Insert Table Four]

As is reported in a variety of other studies (Emsyar, 1992; Herren, 1991, Fratkin and
Roth,1990), a larger herd size pre-crisis impliégrger herd post-crisis. The results indicate
that larger pre-crisis herd size is correlated withrger post-crisis herd size up to 238 TLU.
Only one household had a herd larger than thigalipoint in early 1996. The more animals
one has going into a crisis period, the more omeecg@ect to have once the crisis has passed.
However, the predicted increase of early 1997 kel brought about by a 1 TLU increase over
mean early 1996 herd size is 0.52. This is in@gent with the finding of McPeak and Barrett
(2001), that livestock accumulation in this areanseffective, albeit costly, means of self-
insurance. The fraction of a herd held in the fofremallstock has a negative influence on post-
crisis herd size, in line with the findings of taltvo. Finally, the coefficients for cumulative
sales and slaughters indicate that past offtakawehhas no significant influence on post-crisis
herd size. This indicates that sold and slaugtitanemals were not selected for offtake due to
their weakness and that those who sell more anibgtse the crisis period were not able to

lower their losses through mitigation methods.

4. Livestock Accumulation and Negative Externalites
A. Environmental Degradation.
There has been long standing concern over graagured environmental degradation in

Marsabit District, where the Gabra reside. Sob&l#d9) quotes colonial era documents from
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the 1930’s arguing that since pastoralists in regrtiKenya own far too many animals from an
environmental point of view, veterinary programdl we counterproductive. Rather, the
document suggests “...a bit of disease now and themhbe encouraged in their stock provided it
doesn’t reach epidemic form” (p. 180). LipscomB58) summarizes the problems of the
pastoral livestock sector of Kenya in one word erstocking — and describes controlled grazing
schemes to address this problem.

The UN funded project IPAL (Integrated Project indALands) was active in this area
from 1976 to 1984. The project was establishetl wifocus on “the arid lands of Kenya both
for the support of their indigenous people anchmméconomy of the country as a whole, and
because these lands were gravely threatened bstileagon through misuse.” (Lusigi,1981,
p.7). Identifying this desertification and the @gated misuse proved more nuanced than the
project originally anticipated. Little (1994) we# “while IPAL’s environmental studies rate
much of Marsabit District as degraded or undetthineat of degradation, the project’s data show
that most of the degradation has been in the Wcofia few large settlements...even in the case
of these settlements, IPAL admits much of the dasgrobably reversible.” (p. 232).

O’Leary, a former member of the IPAL research testates that in the final analysis “IPAL
range and livestock scientists calculated that igdiyeat the macro-level, the range sources
could support current livestock populations. Radggradation is confined to areas surrounding
trading centers and permanent water; but thisnspemsated for by vast areas which are
underutilized.” (p. 65)

O’Leary’s assessment is consistent with a 1988uei@in of the District’s rangelands
reported in the Range Management Handbook of Kefiyis evaluation categorizes 80% of the

rangeland areas as good (not degraded), 18% dstiawing impact of use by livestock below a
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level seriously impairing livestock productivitygnd 2% as poor (exhibiting significant
decreases in productivity attributable to overusé)ese overused areas almost entirely
correspond to rangelands within a five-hour walkiwa of the small market towns in the
District.

McPeak (2003) compares the estimated rangelangmgueapacity reported in the
Range Management Handbook with government livespogkilation figures. He finds that at
no point in the period 1963 —1988 for which datavailable were the rangelands of Marsabit
District overstocked when taken as a whole. Tharenmental problem in this area is thus not
one of larger than optimal aggregate herd sizherat is sub-optimal spatial distribution of
stocking pressure. This is an important distinctiar two reasons. First, it indicates caution
should be taken in interpreting the implicationshef “new range ecology” approach. Aggregate
stocking pressure below overall environmental ¢aggapacity is a necessary rather than
sufficient condition for the prevention of enviroamal degradation. Second, policies based on
the “tragedy of the commons” premise that redueiggregate herd size prevents degradation in
such a setting are of limited effectiveness, ones@unterproductivé® This results from the
fact that households with larger herds are the amae likely to use the extensive grazing areas
that are currently underused. Policies that redhecd sizes can actually increase use of
degraded areas. In such a setting, attemptsdoutiage herd accumulation by modifying
societal values, land tenure, or imposing househeid size limits are not effective in
addressing rangeland degradation. Focus on suabures leads one to overlook policy
measures that encourage herders to move animaisoiverutilized areas to underutilized areas
can effectively combat degradation, such as impt®ezurity in currently underutilized areas or

modifying the current town-based food aid distribntsystem.

20



B. Herd Size Change

A second consequence of larger than optimal heedidentified in the literature is that a
larger aggregate livestock population negativeljuances household level herd growth and
make livestock losses more likely. Sobania (12i{®tes a 1928 Kenyan provincial
administration report for Marsabit District. “& the old story of the vicious circle. The natives
amass stock until the country will no longer catyya period of drought or disease occurs, heavy
losses are incurred and the process of amassiolg again commences” (p.179).

To explore this proposition fully, data are reedion multiple boom and bust cycfés.
Unfortunately, such data are extremely rare. Tiokoowledge, only Scoones (1993) and
Lybbertet al. (2001) have analyzed data sets containing infoom@n multiple bust periods.
Scoones analyzes cattle population data for sixsareZimbabwe. He divides his analysis into
two forms; stress years, and normal years. Hesfihdt during stress years, there is no evidence
that aggregate herd size is associated with |lalgeneases in herd size. However, in non-stress
years, herd growth through births, and herd lossuijh deaths, are impacted by aggregate herd
size. Larger aggregate herds lead to lower groatds.

There is some ambiguity to this finding thoughthesarea and time specific data he uses
is unable to differentiate between the summing odracave herd growth function at the
household level and a negative externality in theskehold herd growth function. Lybbeital.
(2001) address this issue directly in their ingegtibn of household level mortality over a
twenty-year period in southern Ethiopia that camgaivo different boom and bust cycles. They
report that the size of the herd belonging to olieeders does not have a significant impact on
mortality experience of a given household, althobiths in the herd do exhibit decreasing

marginal returns to total herd size.
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This study adopts the methodology of Lyblkedral. (2001) to empirically investigate the
relationship between the size of the herd belontprother herders and herd size change at the
household level. A measure of the herd size adratierders is constructed by summing the herd
size of all other herders in a given herder’s §@&zlbi or Dukana) for each point in time
covered by the data set and dividing by the nurobebservations used in this calculation. In
simple terms, it is the average herd size for tka avithout including the herd size of the
household in question. This captures the essdrtbe megative externality posited for pastoral
areas; the herd size of other herders is propasexdrt a negative influence on the production
of the household herd, holding all other varialdlesstant. This measure is included as a
regressor in this section to explore whether hiagl change is negatively influenced by the
stocking levels of other pasture users holding berd size constant.

Herd growth is calculated by subtracting herd sizthe start of period t from herd size at
the start of period t+1, and adding to the resglfigure sales, slaughters, and net transfers that
occurred during period t. Data limitations do albbw us to estimate herd births separately from
herd deaths. Estimation is conducted by diffemggneime period specific observations for
household variables from their means over all jp@gods. Two measures of herd growth are
used as dependent variables. The first is defasetie TLU change per period in the household
herd. The second divides this measure of changkéedgerd size at the start of the period to
define a rate of herd size change. Results asepted in table five.

[Insert Table Five]

As a household herd’s size increases, there mnifisant and negative impact on

expected herd growth. Importantly for the purpasfeis study, the size other households’

herds does not have a significant impact on hesd/r, indicating the contention that herd
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accumulation at the household level imposes a iegexternality on other herders using the
same rangeland is not supported by the data. Howisv&ould be noted that the information in
the data set is largely reflective of the procddseod growth and loss over one boom and bust
phase. An area of further research is to analgre sets containing information on multiple bust
phases to further our understanding of what impgaty, aggregate herd size has on herd losses
in multiple bust phases.

C. Milk Production.

A different argument about the nature of the negatixternality imposed production in
common property settings focuses on productionreatéies. Specifically, it is argued that an
increase in the household herd imposes a costtiredsed productivity in other household herds.
We investigate this possibility by empirically irstgating the relationship between the size of
the herd owned by other herders and milk produciidahe household level.

We again use first difference estimation to explitre issue of milk production
externalities. We use as dependent variablesotherilk produced per day from the household
herd and this measure divided by the total TLUhmtierd. We use the same variables in these
estimations as were defined for the herd size chaegressions. Results are presented in table
five.

Again, we find it is important to distinguish beten the influence of an increase in the
household herd and an increase in other househwdads. Milk production from the total herd
and milk production per animal are significantlfluenced by changes in household herd size.
However, neither measure of milk production is gigantly influenced by the size of the herd

belonging to other herders. For both milk produttand herd growth, we find the data does not

23



support the hypothesis of negative production eséres brought about by other resource users
increasing their herd size.

D. Herders’ Perceptions

Finally, a direct approach to the negative extetynglestion was defined in this study by
asking herders about their perceptions of stockitgrnalities. As described in section two,
herders were asked to report their subjective el of pasture availability, feed production,
and stocking pressure for each rainy season —edtsos pair for the area around town and the
area away from town. Table six presents resultsrefgression of the overall pasture availability
ranking is regressed on the feed production arekstg pressure variables (and unreported
household specific dummies). Results are presdatdubth the area around town and the area
away from town. Results are presented in table six

[Insert Table Six]

Results are consistent with the existence of &stgexternality in the area around
town. When herders were asked to aid in intenpgettie stocking externality results, they
reported they reflect the greater labor expenditegeired to make sure the animals are satisfied
when stocking pressure is greater. They said dicbyot feel stocking pressure led to a
significant decline in herd growth rates or milloguction. They did agree that stocking
pressure around town had led to negative changesgietation in these areas. Results indicate
that there is no significant stocking externalityangelands away from town. This may be
reflective of the findings reported in section 4@t areas away from town are currently

underutilized.
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5. Conclusion

In this study, we have investigated whether livelstaccumulation at the household level
in pastoral systems is rational at both the housidiewel and at the collective level. We find
that it is rational to accumulate livestock at tlmeisehold level. First, income is directly related
to herd size — as herds increase, household incwreases. Second, wealth held in the form of
livestock offers a higher rate of return over tithan does wealth held in formal savings even if
periodic herd losses are included in the calcutatidn addition, accumulation at the household
level is preferred to restocking through deployiiagnal savings in local livestock markets, as
evidence suggests female animals are infrequewdjadle in markets in the study area and
herders indicate these animals are of questiortplalbty when they are available. Finally, herd
Size post crisis is an increasing function of rer@ pre crisis, suggesting herd accumulation
serves a self-insurance function.

With regard to collective irrationality, we findahthere is limited evidence of negative
externalities imposed by other herders on the iddad household. Aggregate herd size has not
exceeded ecological carrying capacity in any yeamwhich records exist. Rangeland
degradation is occurring, but it is restricted teas around towns. Degradation results from a
sub-optimal distribution of animals, not largerrif@ptimal herd size. Regression analysis finds
that household level herd growth and milk produttoe not significantly influenced by the size
of other households’ herds. Analysis of subjectargkings of pasture availability finds there is
some evidence of a localized negative labor exligyriaought about by other herders’ stocking
decisions.

The finding that herd accumulation appears to lomeaically rational at the household

level and not detrimental at the collective levelyides some measure of optimism for future
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pastoral development efforts. As noted in the shiiciion, many observers have described herd
accumulation as irrational due to cultural valuekaad tenure arrangements. These views have
influenced policy. Sobania (1979) notes that awial era ranching scheme designed in
northern Kenya was described as a means “to indhéc8amburu to regard their fat steers as
their means of livelihood rather than a joy to ddh@p.54). Sandford (1996) describes how the
view of pastoral land use as irrational led to gieb designed to regulate livestock numbers,
divide pastoral rangelands into self-sufficientdids, and create of private ranches. He also
notes that provision of veterinary services ancewpbint development have been discouraged,
under he assumption that such interventions alieestock populations to grow to the point
where they destroy the environment.

The empirical record of such efforts in pastorakarof Africa has been extremely
disappointing (Lane, 1996; de Haan 1994; Brandstd®85; Goldschmidt, 1981). Scoones
(1995) describes this failure in stark terms. ‘IMiis of dollars have been spent with few
obvious returns and not a little damage. Most cemtiators agree that the experience has been a
disaster...” (p. 3). Sanford offers a similar assesgdescribing most previous efforts as
“expensive failures” (1996, p. 180). The resuftthis study suggest that this record of failure
may be partially explained by the fact that theaggual underpinnings of development efforts
in pastoral areas have been flawed.

Herd accumulation results from the economic logipastoral production in a risky
environment. Whether herd accumulation also regtoin cultural values and tenure
arrangements is somewhat irrelevant in this caerd accumulation at the household level does
not appear to impose externalities on other houdshibrough rangeland degradation that cannot

be addressed through policies influencing the apdistribution of animals. In addition, efforts
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to reform cultural values or tenure arrangementlenhope of eliminating the “boom and bust”
cycle and thus improving pastoral welfare run ikk of severely reducing household welfare
without achieving this goal as the underlying canisthis cycle is misdiagnosed. As suggested
by this and previous studies, the factors that teasidden herd loss may be unrelated to
stocking pressure.

Development efforts that attempt to eliminate thstlphase by discouraging livestock
accumulation or actively imposing herd limits shbfitst establish that aggregate herd size
influences household level losses in crisis peridéibust phases are related to herd size
externalities, limiting herd accumulation makess&enlf not, such policies reduce household
welfare of an already largely poor population asstkated by the results of the income
estimation without providing any compensating bé&neXk similar argument holds for policies
that assume production from the aggregate hertheancreased by decreasing aggregate herd
size. It is conceptually possible, but the evideimcthis study indicates that empirical support
should be provided before policies are based anassumption.

To the extent that collective externalities exists study finds they result from sub-
optimal distribution of animals and may be compésddor by increased labor effort. The
findings of this study suggest a way forward intpesl development is to strengthen existing
pastoral production systems. In the short to nmmaderm, herd accumulation in such
environments should be facilitated, not hinderEéforts that support mobility should be
designed to reduce externalities resulting fromapiimal spatial distribution of accumulated
animals.

In the longer term, a combination of formal insw@rhigher rates of return to formal

savings and the development of livestock marketsahow self-restocking could reduce the
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economic incentive to accumulate animals. In aaliitdevelopment of alternative income
generation strategies other than livestock raisogd offer households currently involved in
pastoral production greater possibility of smooghimcome streams over time. These longer-
term efforts should build on the pastoral produtsgstem and attempt to strengthen it, rather
than displace it.

It is hoped that the findings of this study willatlenge other researchers to identify
empirically in what domains, and under what cowodis, stocking externalities exist. Such
research is critical. We caution policy makerg tha findings of this study may not be
applicable to other pastoral are&d\Ve also accept that these findings may be vievigtdseme
skepticism since they are based on recall dataréalee that it is as dangerous to base policy in
pastoral areas on the assumption that externaditiesot exist as it is to base them on the
assumption that the do exist. However, we hopethiese findings encourage researchers and
policy makers to consider the irrationality of haatumulation and the existence of negative
externalities in pastoral production as hypothésde tested, rather than certainties on which
policy can be based. The empirical foundation $hiah research will provide to pastoral
development programs will help ensure that therndeobfailure characterizing past efforts need

not characterize the future.
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Figure Two: Average Millimeters of Rainfall in NbrHorr by Month 1977-2000
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Figure Four: Average Herd Size and Offtake by,&&ly 1993-early 1997
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Table One: Descriptive Statistics of VariablegtUs this Study

AveragéStandard Deviatign
Income per person per day in shillings 26.63 19.95
Herd Size in TLU 29.06 25.27
Smallstock Fraction 0.34 0.18
Age of Oldest Male 50.62 13.39
Age of Oldest Female 36.67 11.48
Household Size in Adult Equivalents 4.51 1.66
Chalbi Dummy 0.4 0.49
Price of Male Goat in Shillings 869,58 237.2%
Rainfall Over Six Month Period in m| 56.83 38.271
Fraction of Rainfall in Current Perioc 0|54 0.44
Long Rains Dummy 0.26 0.44
Short Rains Dummy 0.26 0.44
Food Aid Deliveries in Tons per Period71.33 88.04
Herd Size in mid 1996 55.83 43.14
Herd Size in early 1997 26,51 18.14
Smallstock fraction in 1996 0.p5 0.17
Sales up to 1996 6.86 4.72
Slaughters up to 1996 4149 2.71
Milk in liters 4.44 3.58
Milk per TLU 0.21 0.13
Herd Size Change in TLU 0.p3 4.69
Herd Size Change per TLU 0{03 0.13
Herd Size of Others 28.69 13.8¢
Pasture Availability around town 182 0.99
Feed Production around town 2.37 0.88
Stocking Pressure around town .72 0.85
Pasture Availability away from town 3.28 0.89
Feed Production away from town 3.55 0.87
Stocking Pressure away from town 4.17 0.73
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Table Two: First Difference and Average Income person per-day
(Heteroskedastic consistent standard errors imgaeses)

First Difference Incom

Herd Size in TLU 0.7857 ***
(0.0853)
Herd Size® in TLU -0.2289 ***
(x 109 (0.0358)
Smallstock Fraction of Herd -0.3971
(4.1630)
Age of the oldest male -0.4151
(1.0700)
Age of the oldest male® 0.0092
(0.0084)
Age of the oldest female -2.2216 **
(1.1230)
Age of the oldest female® 0.0231 **
(0.0105)
Household Size in Adult Equivalents -7.5383 ***
(1.284)
Price of a male goat (x 1079 -0.0754
(0.1261)
Fraction of six month rainfall in current period| 5.1307 **
(2.0170)
Rainfall in six month period 0.0699 **
(0.0309)
Rainfall in six month period® (x 10 -0.0175
(0.0165)
Long rains dummy 1.9848
(2.5300)
Short rains dummy -0.7819
(1.6710)
Food Aid Deliveries -0.0031
(0.0081)
X%Z) own herd 87.9 **x
X{» Male age 19
Xt female age 49 *
Xtz 6 month rain 119 *+
Xt time period 29 ik
X&) Year dummies 35,8
R’ 0.27
Number of Observations 1686

e

*** indicates significant at the 1% level, ** indades significant at the 5% level, * indicates

significant at the 10% level
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Table Three: Herd Growth and Herd Loss

Area and species Number of sample % change % change

(starting share) households with 1993-mid 1996 mid 1996-early 1997
this species

Chalbi Camels 38 40% -22%

(36%)

Chalbi Cattle 22 43% -16%

(13%)

Chalbi Goats and Sheep 39 118% -70%

(51%)

Dukana Camels 40 80% 0%

(30%)

Dukana Cattle 44 81% 8%

(23%)

Dukana Goats and Sheep 49 9% -2%

(47%)
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Table Four: Herd size in early 1997 as a functibmid 1996 characteristics

TLU Herd Size

In early 1997
Herd Size in mid 1996 (TLU) 0.6981 ***
(0.1549)
Herd Size? in mid 1996 (TLU * 107%) -1.4694 **+
(0.5107)
Smallstock fraction of total herd -0.2336 **
(0.1155)
Household size in adult equivalents 1.6316
(1.0130)
Cumulative Sales (TLU) 0.3744
(0.6405)
Cumulative Slaughters (TLU) -1.3464
(1.3126)
Constant 2.7825
(10.3514)
R’ 0.69
Number of Observations 39

*** indicates significant at the 1% level, ** indades significant at the 5% level, * indicates

significant at the 10% level
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Table Five: First Difference Estimation of Milkd#uction and Herd Size Change
(Heteroskedastic consistent standard errors imgaeses)

Milk in liters Milk in liters per|Herd Size Herd Size Change
from herd TLU Change in TLU |per TLU
Herd Size in TLU 0.1177 *** -0.0020%*** -0.0524 -0.0044 ***
(0.0193) (0.0006) (0.0452) (0.0009)
Herd Size® in TLU -0.1612 * 0.0040 ** 0.0914 0.0109 ***
(x 10 (0.0958) (0.0017) (0.1595) (0.0026)
Fraction of herd in goats and 0.0715 -0.0133 -7.9931 *** -0.2848 ***
sheep (0.6532) (0.0334) (1.942) (0.0547)
Average Herd Size of Others in |-0.3651 -0.0122 0.7486 0.0292
TLU (0.4324) (0.0175) (0.9720) (0.0255)
Household Size in Adult -0.2710 0.0096 -1.1940 *** -0.0246
Equivalents (0.2237) (0.0109) (0.4620) (0.0182)
Age of the oldest male 0.0073 0.0055 -0.5936 -0.0188
(0.1782) (0.0066) (0.3810) (0.0114)
Age of the oldest male? 0.1799 0.0072 0.5140 0.0206 **
(x 10°%) (0.1636) (0.0074) (0.3810) (0.0102)
Age of the oldest female -0.4978 ** -0.0248 *** 0.3830 -0.0013
(0.2161) (0.0079) (0.4504) (0.0124)
Age of the oldest female® 0.4923 ** 0.0267 *** -0.5556 -0.0004
(x 10°%) (0.2142) (0.0080) (0.4485) (0.0125)
Rainfall in six month period 0.1649 *** 0.0068 ** 0.1414 0.0072 **
(x 10 (0.0576) (0.0029) (0.0983) (0.0029)
Rainfall in six month period® (x |-0.0890 ** -0.0039 ** 0.0710 0.0003
10 (0.0389) (0.0020) (0.0773) (0.0023)
Fraction of six month rainfall in | 0.4369 0.0105 3.8789 *** 0.0781 ***
current period (0.3015) (0.0146) (0.7400) (0.0193)
Long rains dummy 1.3268 *** 0.0806 *** -3.7890 *** -0.0626 **
(0.3562) (0.0172) (0.9197) (0.0241)
Short rains dummy 0.7496 *** 0.0524 *** -3.1090 *** -0.0655 ***
(0.2650) (0.0127) (0.6259) (0.0158)
Xz own herd 81.9 *+* 19.6 9.7 23.2
X(;y male age 15 3.4 2.2 4.8 *
Xz female age 5.4 * 15.0 *** 9.5 # 0.9
Xz 6 month rain 9.0 ** 6.1 20.2 ** 25.4 #x
X(5 Year dummies 24.8 * 25.5 ** 54.6 ** 46.1 ¥
Xz time period 13.3 #* 7.6 * 37.6 33.3
R’ 0.32 0.24 0.22 0.23
Number of observations 1579 1579 1579 1579

*** indicates significant at the 1% level, ** indades significant at the 5% level, * indicates

significant at the 10% level
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Table Six: Pasture availability as a functionedd production and stocking pressure

Pasture availability
around town

Pasture availability
away from town

Feed 0.6184 *** 0.5654 ***
Production (0.0273) (0.0309)
Stocking -0.1118 *** 0.0476
Pressure (0.0298) (0.0320)
R’ 0.66 0.42
Number of 843 843
observations

*** indicates significant at the 1% level, ** indides significant at the 5% level, * indicates
significant at the 10% level
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! An externality occurs when the actions of one agiettly affect the environment of another
through a mechanism other than market prices (Malif92). A negative externality means that
the actions of one individual impose a cost on lagoindividual, and the individual who

imposes this cost is not required to compensatetheidual who bears the brunt of this cost. It
is also possible for an externality to be positiiethe pastoral setting considered in this study,
an example of a positive externality is increasszigty brought about by collective decisions
by households to migrate together for mutual ptatac We will only focus on the presence or
absence of a negative externality in this studg,leave investigation of positive externalities as

a topic for further research.

2 Specifically, it is argued that areas with meanust rainfall levels below 400 mm per year and
coefficients of variation for rainfall greater thaf (Coppock 1993) production conditions make
it unlikely that animal populations are the fundamaé cause of changes in rangeland

productivity.

®*The Gabra in this area are Gabra Malbe, as didtioict the Gabra Miigo who live mainly in

Ethiopia (Tablino, 1999).

* Torry (1973) uses the term phratries to describatis here termed a section.

®> Gabra property rights have not changed in the izgsninger (1992) documents for the

linguistically related Orma in Kenya. It should heted that efforts currently under way to
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introduce environmental management committeesisnattea may lead to a situation similar to

that identified by Ensminger.

®The data set is not longitudinal in the sensettiere are repeated observations of a single
household over time by an interviewer gatheredndumultiple visits, but it is longitudinal in the
sense that the interviewer recorded repeated odits@mg made by the household over time, but

did so during a single interview.

"The definition of this sample did not include fommerders who have moved to the small
towns of the study area, either in search of econopportunities or due to the loss of their
herd. Issues of selection bias are possible ddrerwho lost their animals between 1992 and
1997 were systematically overlooked due to the sagymethod based on the outcome of
herders still residing in the grazing areas. Havediscussion with both nomads and town
residents indicated this was not likely to be aanagsue, as there was not a significant
population flow from the rangelands into the towlsing this time period, and very few

households were forced out of pastoralism duedadtrd losses experienced in 1996.

8 Respondents appeared to have little difficultydoalling season-specific information over the
four year time period covered in this study. Thasvikely aided by the fact that widespread
herd losses in 1992 served as a notable startimgdpén addition, herd genealogies were
constructed for camels and cattle to record livdsfroduction information, and served as the
foundation for other questions (for a discussiothaf methodology, see Grandin, 1984 and

Turner, 2003). In a society where records are niites, information contained in herders’

44



memories serves a critical function in herd managerdecisions. Knowledge of complicated
genealogy structures and historical events iscatifor both Gabra society and for herd
management decisions (Tablino, 1999; Robinson, 1888y, 1973). While repeated
observations would be preferable for constructiba lmngitudinal data set, the recall data in this

study is internally consistent, and is in our judgrnreliable enough to analyze empirically.

®Household size is reported in adult equivalentasgutfie scale reported in Martin (1985).

9In the ranking exercise, 1 means much lower thvenage, 2 means lower than average, 3
means average, 4 means higher than average, 5 meahshigher than average. The phrasing
of the question for pasture availability translai@sghly as ranking “how easy was it for the
animals to become satisfied”. The feed produdiianslates as “how much feed was produced”.

The stocking pressure translates as “how manytbe&svere in the area”.

" The data set provides some evidence that vatiabilincome is particularly pronounced for
the poor, as the correlation between householchgeedncome and the coefficient of variation is
negative, (-0.24), suggesting lower average incbmeseholds are also subject to greater

variability in income levels over time.

2The food aid measure is not included in the contmrtaf household income per person per

day.

13 There were no purchases of animals recorded fohansehold in the data set.
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4 The average annualized growth rate in Chalbi lecfioe losses of 1996 was 34%.

5 In general, herders attribute this uncertaintg tack of confidence in the ethical behavior of
bank staff, although it is possible that this uteety arises from a lack of clarity about service
charges leading to savings dissipation of the kiestcribed above which is then blamed on bank

staff.

*The distinction between larger than optimal aggiegard size and sub-optimal distribution of
animals is important to understand from the “nemgeaecology” perspective as well. While
aggregate stocking rates below ecological carrgagacity is sufficient to prevent widespread
degradation, it is not sufficient to prevent lozall degradation.

" Data on multiple drought periods allows testinghef hypothesis that higher stocking rates
pre-drought lead to lower post-drought herd sidleslse equal. This would be along the lines of
the regression conducted in section 3.C, but fgregate herd size and including rainfall
variables.

18 Many of the findings of this study may be distit@the study area, as the area studied is one
of the most arid used for livestock production, &edders in this area are still among the most

mobile in Africa.
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