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Abstract
In an effort to improve productivity and profits ma farmers have replaced
traditional livestock breeds with higher yieldingeahatives. While such changes
may bring about short-term economic gains, the @fsgaditional livestock breeds
could result in the loss of an important genetisotgce as a variety of important
genetic traits adapted to local conditions graguakkcome less common in the
population. This is a particular problem in Africahere livestock make a substantial
contribution to human livelihoods. Using the exdenpf cattle in Kenya’s pastoral
livestock markets this study uses a choice expetirmapproach to investigate buyers’
preferences for indigenous breeds such as the MAaba. The analysis employs a
latent class approach to characterize heterogemeityaluations both within and
across respondents buying cattle for breedinggblau or resale. The results show
that there are at least three classes of buyersdigtimct preferences for cattle traits
and that most buyers favor exotic rather than mddys breeds. Such preferences
have implications for the conservation of indigenaiattle in Kenya and in other
developing countries and suggest that some formtefvention may be required to
ensure the preservation of this important animakge resource.
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Introduction

There is increasing global concern about the piateoing term consequences of loss
of domestic animal diversity. The ratification diet Convention on Biological
Diversity (CBD, 1992) represents international cossento conserve biodiversity
including that of farm animal genetic resources (Af@Rd plant genetic resources,
which are prerequisites for food security and theiriel of agricultural innovations.
Much of the world’s surviving AnGR diversity reside developing countries i.e. in
those countries least able to finance its consiervand least able to resist the forces
that drive biodiversity decline (CBD, 1992).

In Africa, low input subsistence farming and padtpraduction systems dominate. In
these systems livestock make a particularly immorteontribution to human
livelihoods. They serve as household assets withtipteillivelihood functions,
providing not only food and income but also impottaon-market services such as
draught power and manure for crop production (Amoers2003). Contributions
and/or exchanges of cattle also characterize irapbdultural and social transactions
such as marriage, reciprocity and death paymentthd last century however many
livestock development projects have sought to im@rthe productivity of local
livestock, in terms of increasing the output of kedable products such as meat and
milk, by promoting the extensive use of exotic gelamsm in cross-breeding (Rege,
1999).

The introduction of exotic breeds and other soeiall economic pressures have
exposed locally adapted indigenous breeds to skeofiextinction and could lead to a
loss of potentially valuable genetic diversity (Remnd Gibson, 2003). For example,
Rege (1999), drawing on a survey of cattle gemesources in sub-Saharan Africa,
revealed that 32 percent of the 145 cattle bredelstified were considered to be at
risk of extinction. There are several factors tnaderlie these trends, some of which
are driven by the lack of comparative economic cetitipeness in indigenous breeds.
Ayalew et al. (2003) argue that conventional promhtigt evaluation criteria are
inadequate to evaluate subsistence livestock ptmducand have tended to
overestimate the benefits of cross-breeding an@édosaibstitution. Drucker et al.
(2001) and Roosen et al. (2005) argue that margeterally fail to completely
capture the value of locally adapted AnGR as potesitiecks of genes that can serve
as a source for future breeding, or as source fmarket benefits. As these authors
point out, a consequence of such market “failuse’that economic incentives are
distorted in favor of the economic activities (suak cross-breeding) that erode
potentially valuable AnGR rather than conservingrthe

The indigenous Zebu cattle breeds in Kenya are ampbe of AnGR currently at risk
of extinction (Rege, et al., 2001). These cattle perceived as a repository of the
diversity of cattle genotypes of all East Africa (ldéte et al., 2002). The Zebu cattle
are thought to have superior adaptive attributdedal environmental stresses (such
as resistance to disease and drought) compareatic breeds. The diversity of this
‘genetic resource’ is a key component of the abdit a pastoral agricultural system
to overcome destabilizing factors given uncertamigr production environments in
the future such as climate change, disease andjicitamarket demands. There is
therefore a clear justification for their consemat However, Kenya lacks a



comprehensive policy for the conservation and bneeddf indigenous cattle
(Mwacharo and Mossi, 2002).

The management of AnGR requires many decisions wioatld be made easier if
information on the economic value of populationgg(ébreeds) and their adapted
characteristics were available. However, economiaatan of AnGR within
subsistence production systems typical of devetppgountries is only in the early
stages of development. Recent reviews of potedti@bR valuation methods by
Drucker et al. (2001) and Roosen et. al. (2005)e Haghlighted the potential role of
non-market valuation methodologies in valuing An@®Rleveloping countries. This
follows from the premise that many of the benefiésived from the existence of well
adapted indigenous breeds are not transacted imarket. Recent applications show
that such methodologies reveal useful estimatabewalues that are placed on the
market, non-market and potential breed attribulaeblfar and Diedhiou, 2003; Scarpa
et al., 2003a; Scarpa et al., 2003b; Tano et@3P(see also Birol et al., 2006 for an
application in plant genetic resource valuation).

This paper contributes to the growing literatureAm®&R valuation, using indigenous
cattle in Kenya as a case study. We use a stagddrence approach namely choice
experiments (Louviere et al., 2001) to investigaigers’ preferences over cattle traits
in Kenyan livestock markets. The main objectivedsassess how buyers value a
typical indigenous cattle breed (Maasai Zebu) anaHharacterize heterogeneity in
valuations both within and across respondents bugatte for various purposes.
Such preferences have implications for the consiervaf indigenous cattle in Kenya
and in other developing countries. The remainderthi paper is organized as
follows. Section 2 provides an overview of recemted@ments in the literature on
the treatment of heterogeneous preferences in mandtlity models and then
discusses the choice modeling approach adoptedhisnpaper. In section 3, we
describe the study sites and the methods usedllexicdata. Section 4 reports the
findings from the analysis of choice experimentad&onclusions are drawn in the
final section.

Theory and methods

Accounting for heterogeneous preferences

In Kenyan livestock markets, agents buy livestock @liverse purposes hence
preferences for cattle breeds or traits may be @rgeto vary considerably across
individuals. It is important to understand the extand form of the heterogeneity in
breed preferences across the population of madetta as this would potentially
promote the policy usefulness of the results. Ti@ahl methods of analyzing choices
using the multinomial logit (MNL) model (McFadderQ74) are clearly limiting as
they assume homogeneity of preferences. Commoely agproaches to representing
heterogeneity in choice models are through eitremginuous or discrete distribution
of utility parameters—the former via mixed logit deds (Train, 2003; McFadden and
Train, 2000) and the latter using latent class nso@#edel and Kamakura, 2000).



In this paper, we employ the latent class mbdelere, the premise is that the
population consists of a finite (and identifiableymber of groups of individuals

(segments), each characterized by relatively hommge preferences. However, these
segments differ substantially in their preferenteicdures. A key feature of this

approach is that it accommodates preference heteedy while allowing the number

of segments to be determined (endogenously) bgdte In this context, belonging to

a segment with specific preferences is proballisperhaps based on buyer
characteristics such as the individual motivesbioying cattle. The latent class model
is a classic implementation of this approach. Theselels were originally used in

market research (Kamakura and Russel, 1989; Gupta&Chmtagunta, 1994; Swait,

1994). According to these studies, latent class tsocen provide results that are
quite ‘actionable’ in terms of effective produatgeating and strategic positioning.

More recently, latent class models have been usédvel cost revealed preference
studies (e.g. Morey et al., 2006; Provencher ¢t28l02; Scarpa and Thiene, 2005)
and stated preference applications (for an apjpdican food choice see Hu et al.,
2004). The latter include a study by Greene and kan®003) in which the merits of
mixed logit are systematically contrasted with thos&tent class modeling in terms
of choice elasticities, distributions of predictekoice probabilities and changes in
absolute choice shares. They conclude that no uigamiss recommendation can be
made as to the superiority of either of the two apphes, though they find stronger
statistical support overall for the latent clasprapch with three preference segments.

Boxall and Adamowicz (2002), in an application inigeting the choice of outdoor

recreation, used factor analysis to provide estsatf motivational determinants of
recreational trips to wilderness that were then uselde specification of the segment
membership likelihood function. Their analysis soged the existence of four

segments of recreationists and permitted a mudlerimterpretation of the data than
the standard (single segment) MNL model. This igpsuied by Scarpa et al. (2003b)
who used latent class analysis to corroborate thaltseof conditional heterogeneity
MNL analysis of household preferences for pig bsegdthe Yucatan province of

Mexico. They found evidence of two segments with st preferences, using

various socio-economic characteristics (e.g. ageiséhold size and income) as
determinants of the respondents’ probability ofnsegt membership. They posit that
the results from their latent class analysis werelmomore informative than those
obtained from their MNL model with interaction varief.

These studies generally acknowledge the policy Useda of accounting for
preference heterogeneity at the segment level amd highlighted this approach as
an area of potentially novel research that requiuether empirical applications in
stated preference studies. This paper providesilootion to the growing literature
in this area and represents one of the few empigpalications of the latent class
approach to an agricultural problem in a develogiogntry.

! There is no theoretical reason to use one or tifier @approaches (mixed logit or latent class models
(LCMs)). We estimated the mixed logit model as wgHsults are available from the authors on
request) and the results are similar to the regfithe LCM. We chose to present the results of the
LCM in this paper. It may be noted however that L<Me a special category of mixed logit models in
which the mixing distribution is finite. So strigtspeaking, we are using a mixed logit model.



The latent class model of cattle choice

Formally, consider that individuah faces a choice of selecting the preferred
alternative amongst a set df alternatives of cattle in each of tfi&n) choice
occasions. Suppose individualbelongs to segmers// S, then his utility function
associated with the preferred alternatixz&) can be written as:

U (Int |S) = ﬁ;xint + 5int|s (1)

Assuming a random utility framework as the basis rofraividual's choice and an
independent-identically-distributed (lID) extremeluatype | stochastic component
of an individual's utility for the preferred choicthe joint logit probability of a set of
choicesT(n) made by individuah, conditional on belonging to a given segmeist

PT(n) | s= I—l T(n) exp(IBsX int) (2)

t(n) J

> exp(B.X 1)

where in equations 1 and X, is a vector of observable attributes associated with
alternativei and individualn observed making a choice on occasipandf3sis a
conformable (segment-specific) vector of taste ipatars. Note that the scale
parameter is normalized to one. The differencebers vectors enable this approach
to capture heterogeneity in preferences for theleeahoice attributes across
segments.

Now consider an individual's segment membershiplii@ed function M* that
classifies cattle buyers into one of théatent segments. The classification variables
influencing segment membership are perhaps relatedobserved individual
motivations for buying cattle. This is representgda vector of 'purpose of buying'
variables (labeledz), used here as proxies for individual motivatiorfattors
influencing cattle choices. The membership liketilofunction for buyern and

segments can be expressed abl,, =A.Z, +&,.. Assuming the error terms in the

individual membership likelihood functions are lIxteme value type | across
individuals and segments, the probability that lbuydelongs to segmerst can be
expressed in an MNL form as:

p(s) = —2P(4:Z2,) 3)

Y exp(A.Z,)

s=1

WhereAs(s=1, 2,...,5) are segment-specific parameters to be estim#tatidenote
the contribution of the various buyer motivatiorfactors to the probability of
segment membership: a positive implies that the associated buyer descriptor
variableZ, increases the prior probability that buydnelongs to segmeast The scale
factor is normalized to unity?(s) sums to one across tBto be determined) latent
segments with & P(s) < 1.



Recall that equation 2 provides the conditional f@ambership of a particular
segment) choice probability. The unconditional joint prdiildy of a set of choices
T(n) for individual n is obtained by combining the conditional probapilvith the
segment membership probability by means of takheg déxpectation over all the
segments:

PrT(n) = 3 (- PUAZa) (o SRBXu) y,

(4)
= 2 exp(AZ,) | )Z SR X i)

The sample log-likelihood function that is maxindz® obtain the parameteks and
Bsis given by (wheré is an indicator variable for the observed choice):

L=> > 1,InPr(T(n)) (5)

n i0J

Once the parameter estimates have been obtainedasune of economic value can
be derived for each animal attribute using the tdargiven in equation 6 below
(Hanemann, 1984). These ratios (often referredstenarginal implicit prices) can

also be interpreted as a marginal rate of substityMRS) between animal attributes
and money: the coefficierBm gives the marginal utility of income and is the
coefficient of the price attribute afid is the coefficient on the cattle attributes:

_Bu

MRS, = 6
Se B (6)

The determination of the number of segme&sappropriate to characterize a given
population is not part of the maximization procedldrom which the parameter
estimates are derived. The standard procedure isetmentially estimate model
parameters for increasing values of segm8ii&= 2, 3, 4, ...) until a point is reached
where an additional segment does not improve moitlehsf measured by some
criterion. However, statistical tests for evaluatihg differences in model fit between
successive segment models are still not availdblparticular, neither the likelihood
ratio test statistic, nor its Wald test and LangeaMultiplier test counterparts, meets
the regularity conditions necessary for a limitctg-square distribution (McLachlan
and Peel, 2000; Wedel and Kamakura, 2000). As a guidermation theoretic
criteria such as the Akaike Information Criteria CAland the Bayesian Information
Criteria (BIC) are frequently used to determine thenber of segments. However, the
researcher's judgment, interpretability of the maabe the overall “parsimony” of the
model along with its matching with prior informatigtheoretical and otherwise) are
key factors which also come into play in selectimg tappropriate number of
segments. The aim is to avoid choosing superflsegsnents that do not add to our
understanding of the underlying behavioral pro¢8seait, 1994).



Choice experiment survey

This paper uses data collected through a choicerempnt (CE) survey of livestock
markets in the district of Kajiado, Southern Kenyee(digure 1). The area (21,903
km?) runs from just south and west of the capital ¢iirobi) to the border with
Tanzanian. Most of the district lies in the ariddasemi-arid zones (mean annual
rainfall ranging from 300 to 800mm), and only 8%itsfland has some potential for
cropping (Bekure et al., 1991). Savannah grassldodsnate the area. Livestock and
wildlife co-exist in much of this area, with severahjor National Parks (Nairobi,
Amboselli, Tsavo) bordering or falling within thesttict. The area is inhabited
mainly by Maasai pastoralists whose livelihood dejsémeavily on livestock.

The CE survey was carried out in seven (out ofdbim livestock markets. These
were Emali, Kiserian, Rombo, Kimana, Bissel, Sajiland Oldonyonyokie livestock
markets. The seven markets were selected becaggedpresent the key livestock
markets used by pastoralists in southern Kenya.r Hpeitial distribution reflects the
local structure of cattle marketing and, in patacuthe movement of livestock from
primary to secondary markets. They were, therefexpected to represent reasonably
well the reality of cattle trade in inland Kenya, esiplly in terms of the diversity of
market participants and livestock breeds traded.

Emali is one of the largest cattle markets in Kagialistrict and one of the biggest
livestock markets in Kenya. The volume of cattleléd on a typical market day range
from 800 to 2000 head of cattle. Kiserian market borders Nairatn aupplies beef
to this major consumption centre. It has slaugf#etities for livestock and receives
animals from different parts of the country incluglinorthern Kenya. It operates six
days a week with approximately 600 to 800 animalded each market day. Bissel is
also a busy livestock market with good slaughteilif@s supplying beef directly to
Nairobi. Rombo and Kimana markets are quite simiiaheir characteristics. They
are located on the slopes of Mount Kilimanjaro atltlorder of Kenya and Tanzania,
are extremely remote and less accessible. The whfmanimals traded is relatively
small, ranging from 400 to 800 head of cattle pearket day in each market.
Pastoralists frequently use these markets to psechaimals for their own herds (i.e.
for rearing or breeding). Sajiloni is a marketthe outskirts of Kajiado town. It
handles an average of 600 animal transactions eecket day. Oldonyonyokie is
one of the major feeder markets of cattle to Kisenmarket. It is served by a
relatively good road (Nairobi-Magadi road). It Isaan important ‘next-stop’ market
for animals traded at the Tanzania border markefarbsei. Maren et al. (2006)
report that about 50 percent of cattle traded inia€i@mj markets are indigenous
(Maasai zebu) breeds, the rest being zebu crossl®end non-native (exotic) breeds
such as Sahiwal and Boran.

All markets in the study area have no formal infiastiure, and transactions occur
(usually under tree shades) through bilateral negons between buyer and seller, as
opposed to a competitive auction. Three types gefsican be identified. The first

(we refer to as slaughter buyers) are those wholibestock for butchers in Nairobi

or other areas in or outside the district. The sdctype (we refer to as resalers or
resale buyers) are involved in speculative purchabey buy animals that they then
sell in the same or other markets a few days latewven the same day. They usually

2 Figures on the volume of livestock traded in thegled markets are drawn from Ruto (2004).



make a living off small margins from a large numbgtransactions. Finally, the third
group (we refer to as breeders) purchase animalsréading or to re-stock their own
herds. As earlier alluded to, one key objectivehefeémpirical analysis in this paper is
to investigate the extent to which the relativeuatibns of cattle attributes and breeds
are influenced by the purpose of the individuakpase.

The CE survey was targeted at cattle producersraddrs observed in the process of
negotiating for and purchasing cattle. For eachtltd seven markets, local
enumerators with secondary or post secondary educa#re recruited and trained.
They were all familiar with the operation of thedatock markets and spoke at least
one local language in the study area. During enuimetiaining, particular emphasis
was dedicated to random sampling techniques. Intypis of survey, however, it was
not possible to obtain a true random sample as omwplete list of potential
respondents existed. Respondents were interviewsedtéaface on a “next to pass”
basis as opposed to opportunistic sampling. Data we@fected on 12 market days
(usually Friday) from September through NovemberG206terviews were carried
out between 12 noon and 3.00pm—that is the timéhefday when most market
transactions have been carried out and the resptsdee more relaxed and ready to
talk.

In the CE design, the following cattle attributesreveelected: breed of animal, sex,
body condition, weight and price. The selectionatifibutes and levels relied on
informal interviews of livestock traders and on mmf@tion from an exploratory

market survey previously conducted, in the samelystarea and markets, by
researchers in Kenya Agricultural Research IngitfRuto, 1999). Table 1 reports
descriptive statistics of the characteristics dfledaraded, prices and the motivations
of market participants from this 1999 market survelye results of the exploratory
survey showed that weight, sex and body conditioth@fanimal explained about 70
per cent of observed transaction prices. Unfortiyateo breed records were
collected from these transactions, and no backgrdoformation on the effect of

breed on market price was available. Thus the sdtributes were incorporated in

the CE, with an additional inclusion of breed as ohthe attributes.

As Batsell and Louviere (1991) point out, an impotrtabjective in CE deign is that
of easing the choice task for respondents. Thipaicularly crucial in our case
because of the distracting, busy and competitiver@nment in which cattle dealers
operate. Hence in deciding on the number of letleds each attribute was to take, a
degree of pragmatism was involved. The breed at&ilhad two levels: indigenous
breed (i.e. Maasai Zebu) and exotic (Non-Zebu) me€&te body condition attribute
was also varied at two levels; good/excellent orrp&mally, the weight and price
attributes were each allotted three levels baseth@mange of prices and weights of
animals across sex and body condition classes \diben the exploratory survey.
Information from informal interviews with livesto¢kaders also helped to ensure that
the prices incorporated in the choice experimemewemmensurate with the range of
prices for different breeds of cattle.

Given the set of attributes and the levels that ediclibute would take, experimental
design methods (see Louviere et 2000) were used to structure paired comparisons
of ‘animal profiles’ or choice sets. A large numlmérunique animal profiles can be
constructed from this number of attributes and Ikev&Ve used the orthogonal
fractional factorial experimental design facility $PSS for Windows (SPSS, 2000) to
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recover only the main effects consisting of 16 atiprofiles. These were randomized

into eight choice sets or pair-wise comparisonsrmial profiles to be presented to

respondents. Each set contained two animal pradilesan option to select neither.

As mentioned earlier, one paramount objective insthwey design was that of easing
the choice tasks for respondents. A pilot exerasdHe CE showed that respondents
could comfortably manage anything up to up to ediaice tasks.

Thus a typical choice task required respondentsetide which of two hypothetical
cattle purchase choices (say A and B) they prefeEegh choice was described to
the respondents in terms of the five attributesudised previously: sex, breed,
weight, body condition and price. They were thenedsko decide whether they
preferred A, B or neither. For example Buyer 1 wagdshe following question:
“Would you buy animal A: a male non-Zebu breed tivaighs 120kg, is in poor
condition and costs Kenya Shillings (K&H)2,000, or animal B, a female Maasai
Zebu that weighs 90kg, is in excellent condition aadts Ksh 10,000, or neither?” In
addition, respondents were asked why they were guammals that market day (e.qg.
for slaughter, resale or breeding).

Each animal profile presented to a respondent wasesented on a separate
laminated card (explained in the local languagel)) @imtographs of cattle were used
to demonstrate the variable ‘body condition’ to pasdents. The enumerators
interviewed 311 respondents for a total of 2488 ahtasks, usually undertaking four
interviews per market day. All respondents approadwreéed to participate in the
survey and each completed all the eight choicestask

Results and Discussion

Table 2 provides a description of the variables leygal in the estimation of the

latent class models. The discussion of empiricsuilte is organized as follows. First,
the results of the procedure to determine the nurobsegments are reported. Next,
estimates of the 'optimal' model which consists séaof probabilities defined over
segments and segment specific parameters are skstus

Buyer types and number of latent segments

As mentioned earlier, formal statistical tests foe thumber of segments in the
population are not available. We use three infoionatriteria often employed in logit
models with finite mixing as a guide to how many segta to retain (increasing the
number of segments until the criterion is minimized@hese were: the Akaike
Information Criterion (AIC), its variant AIC3 andédlclassic Bayesian Information
Criterion (BIC) (Wedel and Kamakura, 2000). A seridsmodels with increasing
values ofSfrom 2 to 12 were estimated to compute the respestatistics. This was
done for models in which buying purpose (slaughtadl gesale) was included as
determinant of segment membership and for modelghich no determinant (except
for a segment-specific constant) was fitted in tggtimembership probability model.

Across models with the same number of segments ithergstrictions implied by the
null of “no determination of segments by buying pse” can be tested with

% Seventy six Kenya Shillings was equivalent to BiSeDollar at the time of the survey.
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conventional model specification tests. We usedilledihood ratio test, which rejects
the null at all number of segments. We conclude tiva data are corroborating our
maintained hypothesis. That is, buying purpose isignificant determinant of
segment membership. Figure 2 describes the patteserved in the information
criteria used for the determination of the numbérsegments. The values of the
criteria show no clear-cut convergence on a givember of segments. The BIC
suggests that the addition of dhsgment would not improve fit, while AIC suggests
that one should stop at a 10-segments model andl@& predicts adding up to 12
segments to the model. Furthermore, all of thesdetsoshow large numbers of
insignificant parameters across segments.

As mentioned earlier, rather than being mechanichilyen by the information in the
data, and in the absence of statistically soungtanadrs, the selection of the number
of segments must also take into account the sggmfie of parameter estimates and
be tempered by the analyst's own judgment on therpnetability of the model
(Swait, 1994), as well as the maintained theoreficar information. As a result,
given the obvious importance of the three domitgmes of buyers in these markets,
we resort to present and discuss in detail the erapiresults derived for the model
with three segments.

Parameter estimates of the optimal model

Table 3 presents maximum likelihood parameter esém for the three segment
modef. The top block of the table, hereinafter refert@ds the ‘choice model', shows
the estimated parameterBs)( of the segment-specific utility functions whilaet
bottom block, hereinafter referred to as the segmeambership model, shows the
corresponding parameteps)) for the segment membership functions. Examinaion
Table 3 demonstrates that there is substantiatdggaeity in preferences for cattle
attributes across segments as indicated by ditfesem the magnitude, significance
and signs of the choice model parameter estimates.

The parameter estimates in the segment membershgelmepresent the effects of
being a buyer with a given motivation on the proligbof membership in the various
segments. Unlike models with higher number of segsnémese effects are quite
significant with meaningful signs. In particulaid] the three dummy variables for
buyer type are significant in the membership prdlhglio segments 2 and 3. The
individual signs and magnitudes indicate that eesaid breeding buyers are less
likely to be in segment 2 than in the base segmehile buyers for slaughter are
more likely to be represented in segment 1 and@eders and resalers seem to have
a significant probability of having some shareségment 1, while those buying for
slaughter do not have a significant effect of bging to segment 1. As a
consequence, the results indicate that buyerddagkters are unlikely to display the
pattern of preferences described in segment 3, wdslalers and breeders are unlikely
to display taste preferences represented in segient

To further characterize the structure of prefersnice each segment we used the
estimated parameters to compute the membershiglipifity of each 'type' of buyer to
each segment. This helps us to establish how thee tsegments draw their

* For a non linear model of this type, the leveleaplanatory power is noteworthy with pseugfo-
value of 0.48. In fact, Louviere et al. (2000) Bd) equivalence pseud®-values of between 0.2 and
0.4 toR values of 0.7 to 0.9 obtained in OLS regressigliegtions.
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membership from the three main buyer groups (skaugtesale and breeding). Table
4 presents segment membership probabilities condition the three main buyer
profiles as implied by the parameters of the segmmmbership model.

The results in Table 4 show the following. Breedeasehthe highest membership
probability to segment 3 (0.844), and only a seeoygrobability (0.154) of being in
segment 1. Those buying for slaughter are mostlylike be in segment 2
(membership probability = 0.547) but also havezaahble membership probability in
segment 1 (0.431). Finally, those interested inmgifieads of cattle for resale tend to
belong to segment 1 (membership probability = 08ith a smaller probability of
membership in segment 3 of 0.14. Combining theselidfonal probabilities with the
frequencies of breeders (18%), slaughter buyer8oj4@nd resalers (42%) in the
sample, it becomes apparent that resalers havieighest share (62.8%) of segment
1, followed by those buying for slaughter (32%). \tWerefore label segment 1
‘resalers/slaughter’. Slaughter purchasers hav&abyhe largest share of segment 2
(over 90%), so we label this segment only as ‘slgrghFinally, breeders dominate
segment 3 with 69.2%, followed by resalers (26.7%j)chethis segment is named
‘breeders/resalers’. Segment 1 is largest with abdytercent of the sample, followed
by segment 2 with 24 percent and segment 3 withe?@ent.

Characterization of preferences across segments

The assignment of buyers to segments and the tierivaf segment sizes facilitate a
more intuitive characterization of the structurepoéferences in each segment. A
close comparison of the choice model parametemasts in Table 3 with the

segment membership results in Table 4 is instrectboth in terms of explaining

choice behavior and in informing policy. Of parleuinterest are segment specific
MRS values implied by the choice model parameteysonted in Table 5 using

equation 6. The relative magnitudes of the MRSneds show the presence of
substantial heterogeneity in preferences acrossetpments.

The results show that different buyer groups trafieattle attributes differently and

this may have relevant repercussions on policygedreeders (predominantly in
segment 3) are shown to prefer female animals jbliguas breeding stock and for
herd re-stocking purposes. Interestingly, theydalist animals in good/excellent body
condition. A likely explanation is that many breeslgrefer to buy animals in poor
body condition at a bargain price (e.g. in the deason) with the intention of
fattening them at home (e.g. in the wet seasonthey are endowed with more land
and pasture).

The slaughter buyers (segment 2) seems to be eneliff in their preferences
regarding the sex of animal (judging by the lackstdtistical significance of the
‘Cow’ attribute), but are willing to pay a relativellyw premium of about Ksh 30 per
kilo so as to maximize their profits. As was expectai group attaches quite a high
premium for animals in good or excellent body ctindr probably because of the
higher meat quality they carry, but they are irefidint to the indigenous Zebu breeds.

® In view of the relatively large MRS values for thedy condition attribute, it may well be that this
attribute was overvalued in some cases. To illtestbady conditions to respondents some enumerators
systematically used laminated photographs, whiierst chose to point to an animal within view as an
example of a particular body condition. It may wie# that those that used photos were showing
respondents examples of cattle whose body conditasymuch better than those of even the best cattle
in the market. As a result the body condition effeay well have been systematically overvalued.
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The slaughter/resale buyer group (segment 1) prafeale animals, is relatively
attracted to animals in good body condition andi@ahe weight of animal in line
with the prevailing market price (around Ksh. 10@/kdt the time of the survey).
However, they value Maasai zebu cattle by a valuapproximately Ksh. 400 less
than exotic breeds.

It is also noteworthy that slaughter buyers exhibithigher sensitivity to price
compared to their counterparts. For example, tliferdntial sensitivity to price in
turn translates to breeders and resalers beingqwvildb pay a much higher premium
per kilo compared to the slaughter group. This ltesgems reasonable given that
slaughter traders may be expected to be primardfivated by ‘quick’ profits and to
hold on to their money more tightly. In contrastedders and resalers may not be
primarily motivated by profit (at least in the shtegrm) as they are likely to be more
interested in the longer term potential of the aiand hence more willing to pay a
higher price to obtain animals with preferred cheeastics.

The key result is that the three types of buyemsee favor exotic rather than
indigenous breeds. The results also demonstratendtkodological and substantive
merits of the latent segmentation approach. Fomele, out-of-sample buyers can be
allocated to segments with differential preferendeuctures on the basis of
information on the purpose for animal purchase el@uch stratification can be used
to tailor breeding or conservation policies to eliféint buyer groups and/or assess the
distribution of the effects of such policy actiomasiong market players. Given that
information on individual motivations for buyingtda can be collected easily and
relatively cheaply in Kenyan livestock markets, thmdel's potential practical
application is appealing. For example, results fsuoh a model can be used to target
incentives for breed conservation and/or to impleinp®licy actions tailored to each
particular segment. It should be noted howeverrntbategment is characterized solely
by one motive underlying purchase decisions.

Conclusions

This paper reports results from a choice experinsémtly aimed at characterizing
heterogeneity of buyers’ preferences over cattéstrin Kenyan livestock markets
and assessing the economic value of a typical @mtigs breed (Maasai Zebu). A
discrete characterization of preference heterogemneis employed through the use of
the latent class model.

The results outlined above show that buyers’ prefere are latently clustered around
the various motives underlying cattle purchase.yT$wggest the existence of at least
three segments in the population with statisticalsll defined preferences and the
probability of membership in each segment is shawiet significantly related to the
various motives underlying cattle purchase (i.aughter, resale and breeding). The
segments associated with those buying cattle fopthpose of slaughter or resale
account for nearly 80 percent of the sample.

The results show that all the three segments okisujavor exotic, rather than
indigenous breeds. These suggest that there isngarative lack of economic
competitiveness in the indigenous breeds acrosdulyer population. As pastoral
production systems continue to change and as sag&cializing in buying animals
for slaughter gradually dominate Kenyan cattle mistkdnere is a very real risk of
indigenous breeds being gradually 'pushed’ outefriarket in favor of exotic breeds.
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This reflects producers responding rationally torkeasignals by adopting market-
driven breeding objectives which in many cases megtacing indigenous breeds
with the more 'marketable’ exotic breeds.

In general, it emerges that indigenous breedstdadttract a premium from buyers
either ignorant of, or indifferent to, their desifa traits. If it is argued that, in times of
uncertainty about future climatic conditions, stgishould value the attributes of
tolerance to drought, disease resistance and pedirfg conditions that are found in
indigenous breeds, then such an observation igsanm@e of market failure caused by
a lack of appropriate signals or incentives witthe market (Bator, 1958) to reflect
the potential social benefits of these attribugegch lack of incentive should therefore
be an important consideration to policy makers eomed with the preservation of
indigenous cattle in Kenya.

Acknowledgements

We gratefully acknowledge the financial supportrd@érnational Livestock Research
Institute (ILRI) in the research on which this papebased. A special thanks to Ed
Rege, Patti Kristianson and Maren Radeny of ILRI tfeeir help. Our appreciation

also goes to the Ministry of Agriculture staff irajado district for their assistance in
data collection. We, also, would like to thank theom@ymous reviewers for their

constructive comments and suggestions. The uss@bdner applies.



15

References

Anderson, S., 2003. Animal Genetic Resources and isabkta livelihoods.
Ecological Economics 45, 331-339.

Ayalew, A., King, J.M, Bruns, E, Rischkowsky, B., 20@conomic evaluation of
smallholder subsistence livestock production: lassdrom an Ethiopian goat
development programme. Ecological Economics 45;483

Bator, F. M., 1958. The Anatomy of Market Failureia@erly Journal of Economics
72, 351-379.

Batsell, R. R., Louviere, J. J., 1991. Experimemitaklysis of Choice, Marketing
Letters 2(3), 199-241.

Bekure, S., De Leeuw, P. N. Grandin B. E., Neate P.,J1991. Maasai herding: An
analysis of the livestock production system of Magmstoralists in eastern Kajiado
District, Kenya, ILCA Systems study 4, ILCA (Interimatal Livestock Centre for

Africa), Addis Ababa, Ethiopia.

Birol, E., Smale, M., Gyovai, A., 2005. Using a Gi®iExperiment to Estimate
Farmers Valuation of Agrobiodiversity on Hungariam&®l Farms. Environmental &
Resource Economics 34, 439-469.

Boxall, P. C., Adamowicz, W. L., 2002. Understanditgferogeneous Preferences in
Random Utility Models: A latent Class Approach. Epmmental and Resource
Economics 23, 421-446.

CBD, 1992. Convention on Biological diversity. CBDcB#ariat [online]. Accessed
January 2007, available at http:/www.biodiv.org/conierarticles.asp.

Drucker, A. G., Gomez, V., Anderson, S., 2001. Teenemic valuation of animal
genetic resources: a review of available methodslogxal Economics 36, 1-18.

Greene, W. H., Hensher, D. A., 2003. A latent classlehdor discrete choice
analysis: contrasts with mixed logit. Transportat®esearch Part B-Methodological
37(8), 681-698.

Gupta, S., Chintagunta, P. K., 1994. On Using Demodgraydriables to Determine
Segment Membership in Logit Mixture Models. JoummMarketing Research 31(1),
128-136.

Hanemann, W. M., 1984. Welfare evaluations in cw#nt valuation experiments
with discrete responses. American Journal of AgnicaltEconomics 66, 332-341.

Hanotte, O., Bradley, D. G., Ochieng, J. W., Verjeg,Hill, E. W., Rege, J. E. O.,
2002. African Pastoralism: Genetic Imprints of Orggand Migrations. Science 296,
336-339.



16

Hu, W., Hunnemeyer, A., Veeman, M., Adamowicz, W.jv&tava, L., 2004.
Trading off health, environmental and genetic miodtion attributes in food.
European Review of Agricultural Economics 31, 389-408

Jabbar, M. A., Diedhiou, M. L., 2003. Does breed erdti cattle farmers and buyers?
Evidence from West Africa. Ecological Economics 461-472.

Kamakura, W., Russel, G. J., 1989. A Probabilistic iGhdvodel for Market
Segmentation and Elasticity Structure. Journal afdting Research 26(4), 379-390.

Louviere, J. J., Hensher, D. A., Swait, J. D., 2008test Choice Methods: Analysis
and Applications. Cambridge University Press, Cangerid

Maren, R., Kristjanson, P., Ruto, E., Scarpa, Raklingu, J., 2006. Determinants of
cattle prices in Southern Kenya: Implications foedat conservation and pastoral
marketing strategies. In: McPeak, J. G., Little, ®. (Eds.), Pastoral Livestock
Marketing in Eastern Africa: Research and Policyriges. ITDG Publishing, Rugby.

McFadden, D., 1974. Conditional logit analysis oflifative choice behavior. In
Zarembka, P. E. (Ed.). Frontiers of Econometricad&nic Press, New York.

McFadden, D., Train, K., 2000. Mixed MNL models ofalete response. Journal of
Applied Econometrics 15(5), 447-470.

McLachlan, G., Peel, D., 2000. Finite Mixture Modelshn Wiley and Sons, New
York.

Morey, E., Thatcher, J., Breffle, W., 2006. Using gher Characteristics and
Attitudinal Data to Identify Environmental PreferenClasses: A Latent-Class Model.
Environmental & Resource Economics 34, 91-115.

Mwacharo, J., Mosi, R., 2002. A review of currentl grevious attempts at genetic
improvement of Small East African Shorthorn Zebu A3E cattle in Kenya. Paper
presented at the consultative workshop on Cattle Goat Breeding in East Africa,
15-17 April 2002, United Kenya Club, Nairobi.

Provencher, B., Baerenklau, K., Bishop, R., 2002.inkef mixture logit model of
recreational angling with serially correlated ramdatility. American Journal of
Agricultural Economics 84(4), 1066-1075.

Rege, J. E. O., 1999. The state of African cattleege resources |. Classification
framework and identification of threatened and ettibreeds. Animal Genetic
Resources Information 25, 1-25.

Rege, J. E. O., Kahi, A., Okomo-Adhiambo, M., Mwachalg,Hanotte, O., 2001.
Zebu cattle of Kenya: Uses, performance, farmerepeetces and measures of genetic
diversity. ILRI (International Livestock Researatslitute), Nairobi, Kenya.



17

Rege, J. E. O., Gibson, J. P., 2003. Animal genetsburees and economic
development: issues in relation to economic vadumatiEcological Economics 45, 319-
330.

Roosen, J., Fadlaoui, A., Bertaglia, M., 2005. Ecnit evaluation for conservation
of farm animal genetic resources. Journal of AniBraéleding and Genetics 122, 217-
228.

Ruto, E., 2004. Economic valuation of farm animahegic resources: Methods and
Applications to Indigenous Cattle in Kenya. Ph.D. SiseNewcastle University, UK.

Ruto, E., 1999. Livestock marketing in Kenya's rdages: The case of Kajiado
district, Kenya. Unpublished market research docuniéetya Agricultural Research
Institute, Kiboko, Kenya.

Scarpa, R., Ruto, E. S. K., Kristjanson, P., Ragdéhy Drucker, A., Rege, J. E. O.,
2003a. Valuing indigenous cattle breeds in Kenyaempirical comparison of stated
and revealed preference value estimates. Ecoldgamhomics 45, 409-426.

Scarpa, R., Drucker, A., Anderson, S., Ferraes-EmdarGomez, V., Risopatron, C.
R., Rubio-Leonel, O., 2003b. Valuing genetic resesrm peasant economies: the
case of 'hairless' creole pigs in Yucatan. Ecold@canomics 45, 427-443.

Scarpa, R., Thiene, M., 2005. Destination Choice &®dor Rock Climbing in the
Northern Alps: A latent-Class Approach Based on Intgnsf Preference. Land
Economics 81(3), 426-444.

SPSS, 2000. SPSS for Windows, Release 10.0.7. S&p$SHicago.

Swait, J., 1994. A structural equation model of lagggmentation and product choice
for cross-sectional revealed preference choice .datarnal of Retailing and
Consumer Services 1(2), 77-89.

Tano, K., Kamuanga, M., Faminow, M. D., Swallow, B., 20Q0Jsing conjoint
analysis to estimate farmer's preferences forecaitélits in West Africa. Ecological
Economics 45, 393-407.

Train, K., 2003. Discrete choice methods with simatat Cambridge University
Press, Cambridge.

Wedel, M., Kamakura, W., 2000. Market Segmentaticdonceptual and
Methodological Foundations. Kluwer Academic PublishBaston, MA.



Table 1

Characteristics of animals traded and purpose aifjaise

Number

(% of total)

Mean estimated
weight in Kg

(standard deviation)

Mean price in Ksh

(standard deviation)

All 448 (100%)
Sex of animal

Male 262 (59%)
Female 186 (41%)

Body condition of

animal

Excellent 26 (6%)
Good 222 (49%)
Fair 161 (36%)
Poor 39 (9%)
Purpose of

purchase

Slaughter 212 (47%)
Resale 151 (34%)
Breeding 85 (19%)

133 (51)

147 (52)

109 (38)

202 (42)
140 (49)
118 (41)

74 (32)

141 (56)
122 (41)

120 (50)

11,124 (5772)

13,224 (6149)

8,165 (3480)

19,173 (76860
12,829 (5182)
8,982 (4055)

4,892 (2649)

13,133 (6267)
11,065 (4479)

6,216 (2876)

Source: Kajiado district market survey (Ruto, 1999)
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Description of variables used in choice experiment

Variable

Description

Animal attributes
Price

Cow

Zebu

Good-exc

Weight

Price of animal (Ksh)

Sex of animal:
Cow =1 if female; 0 otherwise

Breed of animal:
Zebu = 1 if indigenous (Maasai Zebu)
breed ; 0 otherwise

Body condition score of animal:
Good-exc =1 if in 'good or excellent'
body condition; O otherwise

Estimated dressed weight of animal

Buyer- specific attributes
Typology of buyer/purpose of buying

animal

Declared purpose /motivation for animal
purchase:

Slaughter = 1 if buying for slaughter; O
otherwise

Resale = 1 if buying to resell to others, 0
otherwise

Breeding = 1 if buying for 'home'’

breeding/rearing, O otherwise
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Table 3

Parameter estimates of the optimal latent classemod

Segment 1 Segment 2 Segment 3
Choice model

Attribute X Parameter zjvalue| Parameter z-yalue| Parameter |z-value|
Price -0.0005 8.0 -0.0007 6.2 -0.0003 4.7
Cow -0.295 2.0 -0.152 0.3 1.407 4.6
Good_exc 2.088 5.0 10.96 8.5 -1.409 4.8
Weight(Kg) 0.057 12.7 0.020 2.8 0.036 8.2
Zebu -0.208 1.8 -0.479 1.4 -0.145 0.8

Segment member ship model

Attribute Z

Intercept 0.870 2.7 -3.443 15.6 2,572
(Breeding)

Slaughter 0.091 0.2 4552 12.2 -4.643
Resale 0.620 1.8 2.212 5.0 -2.832

12.2

9.1

8.4

Log-likelihood =-1,555; Pseud®®® = 0.484; Adjusted Pseud&=0.477
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Table 4

Segment membership probabilities conditional orebiiype and shares

Attribute Z Segmentl Segment2 Segment3
Breeding 0.154 0.002 0.844
Slaughter 0.431 0.547 0.023
Resale 0.807 0.053 0.140

Segment size (%) 0.538 0.241 0.220
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Table 5

Segment specific marginal values of cattle attebyKsh)

Segment 1 Segment 2 Segment 3
(Resalers/slaughter) (Slaughter) (Breeders/resalers)
Cow -590 -217 4,691
(2709 (617) (1,402)
Good-exc 4,175 15,663 -4,697
(1211) (4,096) (1,154)
Weight 113 29 120
(21) (12) (33)
Zebu -416 -684 -484
(223) (460) (576)

&asymptotic standard errors approximated by meattseadelta method
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