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Abstract

The Borana cattle have their origin in Southernidfiia where they are guarded by the
Borana-Oromyfa clans because of their unique tthié$ make them suitable for the harsh
environment in the lowlands. Borana cattle are #igomain source of the livestock-keepers’
income and the local people’s cultural identitfasmed on the husbandry of these animals.
Nowadays the existence of this breed and henceuitsral heritage is threatened due to
genetic erosion and dwindling number of pure Boranamals. This depletion has many
driving factors such as population pressure, ed¢cébgchanges, natural catastrophes and
adverse economic conditions, and provides justiboafor conservation initiatives that
preserve the irreversible loss of the Borana gefé® preservation of animal genetic
resources (AnGR) is crucial for future use and enbment of global biodiversity, globally as
well as locally, but financial aid for conservatiparposes is scarce. Economic valuation of
these genetic resources would justify that they"emiiable’ and hence deserve priority in
funding. Thus this study seeks to quantify theltecmnomic value of the Borana cattle to the
Ethiopian livestock-keepers and to show why it s$tidoe conserved. A discrete-choice
ranking approach is used to estimate the liveskedpers’ willingness to pay (WTP) for
different attributes of cattle. This permits asss=st of relative preferences for different
attributes of the Borana cattle that can be usednamdicator to enhance its conservation.
Furthermore, a random parameter logit model asx@nsion of the multinomial logit model
with individual characteristics is applied, revegli heterogeneity in livestock-keepers’

preferences or utilities for cattle. Particular émmagis will be put on variance in utility among



livestock-keepers in different production systestsywing which group of livestock-keepers

could be eventually targeted in conservation itites for the Borana cattle.
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1. Introduction

The Borana cattle is the predominant traditibiaked on the semiarid Southern Borana
plateau of Ethiopia where it is been kept duedmiitstanding attributes that make it suitable
for husbandry in the lowlands. The Borana platesandawadays constantly in crisis due to
pressure on the common rangelands, high populgtmnth rates, and increased privatisation
for both cultivation and grazing land (Coppock 19Bbgg 1997). Apart from these factors,
crossbreeding among other local breeds also nefataffect the population of the pure
Borana cattle.

The Borana breed as well as any other traditioregdb contains the genetic potential for new
breeds tolerant or resistant to biotic and abistiess factors. These breeds will remain an
essential aspect of sustainable animal productiahfaod security for the growing world
population. Maintaining genetic variation is crud@ improving livestock and responding to
changes in climate, disease or consumer preferemmk$existing AnGR represent a massive
past investment which, if managed appropriatelyy peovide insurance against unknown
global future” (Rege and Gibson, 2003, p.322). Aslan animal genetic diversity may
weaken the chances of future generations to respdaduately to increasing food demand,
potential environmental changes, diseases, and ohfadlenges and catastrophes we cannot
foresee (Koehler-Rollefson, 2002).

Until now, the economic, ecological, and culturalue of the Borana breed has not been
quantified and thus a statement of whether thedbreéworth” of receiving conservation
priority cannot be determined. Assessing the germdiential of the Borana breed requires
finding an economic value of the breger seas well as of its unique attributes that makes it

superior (or probably inferior) to other local bidseand their crosses. This value should be

! Traditional breed is also referred to as localigedous or old breeds. Traditional breeds have dpeel over

time in traditional societies without herd booksl acientific interventions.



derived from the point of view of local livestocledpers because they are eventually enabled
to conserve the Borana brewdsitl? in the first place. Therefore a stated choice webths
applied in this study is deemed to be an apprapapproach to measure relative utility of the
Borana breed for the local livestock-keepers.

Nowadays the Borana breed is still widely spreadragthe Borana people but this existing
type is an admixtufe and from the phenotypic perspective clearly défe from the pure
Borana breed. The aims of conservation initiativesst focus on the preservation of the pure

Borana type only

This paper is organised as follows: the introductdrapter gives an overview of the research
objectives, the need to value the Borana cattlewals as of the current situation of the

Borana culture and its breed. The second chapseusies the conceptual framework upon
which the stated choice method and the appliedcehekperiment are based. The third
chapter details the sampling strategy as well aslte of the socio-economic household
survey. The fourth chapter outlines the experimet¢aign and procedure and provides the
results of the choice experiment. Those includediteomes of the welfare analysis from

which a number of conclusions and policy implica@re derived.

2 There are basically two different types of conseéovatmethods. In-situ (also referred to as on-farm)
conservation is defined by the Convention On BimabpDiversity (CBD) as the conservation of ecoeyst and
natural habitats and the maintenance and recoverialle populations of species in their naturarsundings
and, in the case of domesticated or cultivated ispetn the surroundings where they have develdpei
distinctive properties (CBD, 1992Ex-situ preservation involves the conservation of plantsam@mals in a
situation removed from their normal habitat.

% There are currently three subtypes of the BoraeacrKenyan Borana, Orma Borana and Ethiopian Borana
(Simianeret al, 2003; Hanottet al, 2000), whereby only the Orma and the EthiopianaBa are existing on
the Borana plateau. The Ethiopian Borana subtypeoissidered to the original pure one, as stated by
interviewees.

“In the course of this study, when simply referdagBorana”, we are talking about the existingeywhereas

the term “pure Borana” refers to the large-framedinal Borana whose existence is in jeopardy.



1.1. Objectives and Purposes

This paper attempts to elaborate on the followibgctives:

. Valuing cattle attributes that livestock-keeperstipalarly associate with the Borana
breed,
. Revealing livestock-keepers’ willingness to pay (WTor these attributes,

Identifying heterogeneity in livestock-keepers’ imeseconomic characteristics with
respect to their preferences about cattle attriyute

Deriving consumer surplus (CS) associated with pasmg Borana cattle, as well as
net benefits of Borana cattle kept in differentdarction systems, an thereby
Differentiating among types of livestock-keepensdetermining potential participants

who can be best targeted for conservation initgtiv

1.2. Why value and conserve the Borana breed?

Deciding over a conservation initiative for the @uBorana breeéddepends broadly on two
factors: the value of the breed to those who asedjng and using the breed (the consumers
or in this case the local livestock-keepers) areddbgree of threat leading to a depletion of
the pureness of the Borana genetic resources. A Yyafue of the Borana breed as well as
many threatening factors can be seen as justicdor launching ann-situ conservation
programme for the Borana.

This section will cast some light on the subsistimgats Borana animals have to deal with in
the course of the clash over scarce natural ressuna the Borana plateau. Further, the

benefits of the Borana breed as well as benefam fconservation programmes that may

® The aim of a conservation programme for Borandecatbuld be to maintain the pure type of Boranaicwlis
distinct from the majority of the currently exiggiBorana in the lowlands of Ethiopia. The existing®a is an
intermediate type between the small Ayamal the large-framed Qofsee section 3.2 for details). In the context
of this study, we simply refer to “Borana” whenewgfng to the existing intermediate type. In theteat of

conservation programmes we talk about “pure Boraeathe large-frame@orti type.



eventually be carried out based on the estimatéaesaof Borana cattle attributes will be

detailed.

Threat to the pure Borana cattle

The depletion of a breed, even if the breed in tjresis not yet recognised as being
endangered, provides justification for conservagdiorts if its loss results in a worsening
condition for the livestock-keepers. There are ousi underlying causes for the genetic
erosion of this important breed in this region (fogk, 1994; Reda, 2001; Alemayehu and
Drucker, 2002). The most important ones includangfes of ecological characteristics due to
bush encroachment and recurrent droughts; poor in@rthgement; difficulties in access to
markets and civil strife (Alemayehu and Drucker,020 Bush encroachment due to
population pressure often leads to diminishing lakdity of good pasture and hence to a
decline in cattle carrying capacity per unit grgzarea. After frequent droughts, pure Borana
cattle are often replaced with other breeds thatreadily available or cheaper. These include
the smaller Guji cattle or Small East African Zelisch are often bought for restocking.
Despite this threat of genetic erosion, the pastmamunities in Ethiopia have continued to
maintain Borana cattle in their herds. Most literattends to attribute this trend to the
traditional characteristics, organisational stroesu and indigenous knowledge of the

communities keeping the Borana cattle (Rege anddifp2003).

Benefits of the pure Borana cattle

Until now biodiversity is frequently linked to pladiversity and wildlife diversity, leaving

out the issue of farm animal (genetic) diversitgr animals, unlike wildlife, do not have a
“lobby”; do not have a strong bequest and existesatee that drive governments and private
stakeholders to get involved into conservationatiites. People in developed countries might

care about the well-being and existence of e.gqohor elephants, but not about local breeds



of farm animals. An economic valuation of farm aalsn can counteract the missing
awareness towards the conservation of farm anievatic resources.
The Borana cattle was chosen as case study betldaadareed is perceived as superior to
other breeds in many ways, as came to light inat ptudy that was conducted prior to the
choice experiment survey (see chapter 3.1). Thenteraance of the pure Borana cattle is
expected to have the following benefits:
Contribution to the preservation of the global dsity,
Securing livestock-keepers’ livelihoods that almiodly depend on Borana cattle,
Preserving the cultural heritage of the Borana-Qffantlans and enhancing their
cultural distinctiveness by securing continuouditranal livelihoods with cattle
production; keeping browsers like goats and camelsot go hand in hand with the
Borana traditional way of life.
Securing the equilibrium between culture and ecanamprovement through
incentives. Maintaining the culture must be ecoruatly feasible for the Borana
clans.
Facilitating to find opportunities in order to dige livestock-keepers’ sources of
income through the participation in conservationitiatives and resulting

compensation payments.

1.3. The Borana Plateau, and its People and Cattle

The Borana plateau or zone occupies a total laga af about 95,000 square kilometres and
its altitude ranges from 1,600 meters above sed I[@SL) in the northeast to about 1,000
meters ASL in the extreme south of Ethiopia (Kam&@00). The climate on the Borana
plateau is semi-arid, with average annual raintallging between 350 mm and 900 mm. The
plateau is divided into four ecological zones bagedoil types, natural vegetation, primary

productivity, and duration of growing seasons. Ehieslude the savannah in the north, which



has potential for carrying relatively higher nundef livestock, the bush land with high
shrub cover in the central zone, the medium-pakgtiassland in the east, and the volcanic
areas in the west (Kamara, 2000). A particularuieabn the plateau is the permanent supply
of water by nine deep well complexes and a numieatispersed springs. The deep wells
(tula wells) are perhaps the most fundamental featuae s shaped the Borana society
(Helland, 1980), constituting a vital source withadnich keeping cattle in the Borana ranges
would be impossible in the dry season (Helland,0200ula wells are old, usually much
deeper than normal well complexes and require m@asskcavation with shafts sunk into
rock. Thetula wells comprise the most reliable source of wateker drying up even in the
course of severe droughts (Coppock, 1994). The deep wells underlie a strong social
organisation controlling construction, access, asagd maintenance of the wells (Helland,
2000).

The Borana plateau is largely occupied by the Bmrpeople, and natural resources are
largely communal, although individual crop culticet and private enclosures appear to be
increasing in recent decades (Kamara, 2004, paégr@thnic groups on the plateau include
the Somali, the Gari, the Gabra and the Gilijne most recent census on the plateau recorded
a total population of 480,000 inhabitants, withaamual population growth rate estimated at
2.5-3 % (Homanret al., in press). Urban agglomerations can be found geN& Yabello
and Moyale towns, whereas the open grazing areasp@d by livestock-keepers have no
permanent encampments. An important link to urbamksats is the tarmac road from Addis
Ababa to Nairobi which crosses the plateau (Honral.,in press).

Over 90% of the livestock-keepers’ cash income asved from livestock sales as other
alternatives for income generation are very fewntyadue to the lack of infrastructure

(Homannet al., in press). The Borana cattle, which are commooiynfl in Kenya and

® The local breeds of cattle kept in the plateawnaraed after the ethnic group which introduced tHEnere are

therefore Borana cattléyrsi cattle, Guiji cattleKonsocattle etc.



Ethiopia, have their origin on the Borana plateAs.already indicated in the introductory
section, three Borana subtypes are known; two erhitthe Ethiopian and the Orma Borana,
in the research area on the Borana plateau. Tha loestock-keepers gave these two
subtypes different terms, but the distinction isibally the same than commonly found in
literature and also based on the phenotypic makétipe subtypes. The two subtypes are the
traditional large-framedorti and the smalleAyuna.Both sub-types have evolved through
human selection along with adaptation to envirortalechanges but nowadays animals of
both sub-types can hardly be identified. Terti type is what is referred to in literature as
Ethiopian Borana, whereby the small&yuna resembles the Orma Borana. To avoid
complications, we refer to Orma and Ethiopian Bardmwoughout this paper.

The predominant Borana type that nowadays coumtth@® majority of cattle in the Borana
lowlands are of an intermediate type between Ormd Bthiopian Borana. However, an
investigation of the phenotypic makeup of mostla# tattle found on the Borana plateau
revealed that they were in fact admixtures of défe local breeds and the livestock-keepers
also admitted that the animals differ from the Barghey used to know 10 years ago, despite

the fact that their breed name is unchanged.

There is also an improved type of the Borana catikeinly found in the highlands of central
Kenya from where it has recently been exportediterocountries such as USA, Australia and
South Africa. This improved Borana type is for mgairpose and well suitable for
crossbreeding with other highly productive breadatshsas Hereford, Charolais and Angus. In
the highlands of Ethiopia, on a governmental ra#dbernossaanch), improved crossbreeds
between Borana cattle from the Borana lowlandstoidtein-Friesiahcattle are being kept

and continuously improved. Every year these croaeeslistributed to local livestock-keepers

" Holstein-Friesian cattle can be considered antiekbreed, i.e. a high productive breed that eradrthrough

intensive selection and that have been importad #fdestern countries.



in the highlands in order to upgrade their herdt®erms of productivity and therefore support
their income generation. On the other hand, theegowental ranch near Yabello on the
Borana plateaulid Tuyuraranch) aims to conserve the pure Borana cattle.rahch was
established in 1987 when it received some of tts¢ Berana animaigrom Borana livestock-
keepers and owing to these animals initiated adimgeprogramme. Since then the ranch has
been given out breeding bulls to the five distriti®radas) on the plateau in an annual
regularity. The breeding bulls are then furthertribsted to some communally selected
livestock-keepers within thevoradasfor the purpose of upgrading their herds in terrhs o
productivity and body size of the animals. The nambf Borana cattle given out to each
woradadepends on its population size. The Yabello distfor instance, obtained 18 bulls in
2003 but only six bulls in 2004. In total, 61 buliere distributed in 2003, and 45 in 2004.
The Did Tuyuraranch constitutes a first attempt to conservddlge-framed pure Ethiopian
Borana breed (thQorti type to express it in the local term) but it canhdfil the high
demand of the livestock-keepers that clearly exedbd supply of these few bulls for the
entire Borana plateau. Moreover, hitherto, the mamaly facilitates the upgrading of the local
peoples’ Borana cattle as it distributes only biegdbulls and no cows. The usual strategy for
a conservation programme under FAO recommendatemsires the conservation of cows
and bulls. As a safe minimum standard (SMS), iteiscommended to maintain at least an
effective population size of 1000 female animalg.(esee Drucker, in press; and Zaneer

al., forthcoming).

8 The selection of the “best” Borana animals enteting ranch was based on phenotypic characteristics.
However, one cannot infer from the phenotypic magede the genotype of an animal and hence the paseof
these Borana cattle entering the conservation progre in the first place was never confirmed. Deiteinmg the
genotype of a breed requires a molecular genetilysis (see Hanotiet al, 2000).

° The fiveworadasare: Tatalde, Dire, Moyale, Arero, and Yabello.
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2. Theory and Methodology

2.1. The Demand for Cattle

Most of the functions (e.g. traction power), ougo(®.g. manure, milk for self-sufficiency)
and services (e.g. dowry, status of wealth) thatecalong with the keeping of cattle are not
traded in the markets. Consequently, non-marketat@n methods such as the applied stated
choice method are suitable to determine the vadtitise benefits of certain cattle breeds and
in particular of the Borana breed. These non-maviadies or benefits can be determined
mainly by the consumption and production prefersrafelivestock-keepers as these benefits
primarily accrue to them. Therefore, this studykse® assess the total value of the Borana
cattle (non-market and market-values) to the l|doedstock-keepers by identifying their
preferences about cattle breeds and determiningntpkcit values these livestock-keepers
attach to cattle and their attributes. In ordemasure the implicit values of cattle and their
attributes, a choice ranking experiment has beed,ugs will be detailed in the following
chapter sections. This method is most appropnmat@iuation of a good, such as cattle, which
encompass multiple attributes, since this methlmivalfor derivation of benefit value of each
attribute. To strengthen this point, Scamgtaal. (2003) compared the results of a choice
experiment, aiming to value cattle breeds in Kenydh those derived from a revealed
preference method (in this case an hedonic anabfsisarket transaction data for cattle in

Kenya) and conclude that both approaches providaagiresults.

2.2. Multinomial logit model specifications

Unlike other stated preference methods, such asdhgngent valuation method (CV), the
choice experiment (CE) and the choice ranking (&fgbles estimation of not only the value
of the environmental good as a whole (i.e. the ¢aluthe cattle per se), but also the implicit

marginal values of its attributes (Hanley et a@98; Bateman et al., 2003). Both methods are
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based on Lancaster’s characteristics theory ofwroes choice (Lancaster, 1966), stating that
consumers derive utility not from the good per sg toom the bundle of attributes and
magnitude (levels) of the attributes they providée methods are further based on the
random utility theory (RUM) (McFadden, 1973), whithistrate that utility for a consumer
derived from a good consists of two decomposedspaah observable part and an

unobservable part (see Equation 1). The unobservpait £ describes other factors or

attributes of a good apart from the stated attednut which are also influencing consumer’s

choice. The terng,, is treated by the analyst as random. Only therebdepartV,; is known

by the analyst up to some parameters (Train, 2008¢. random utility model (RUM) is
based on the composite utility function as follows:

U, =V, (X)) +é, @
WhereU ; is the total utility that individuah obtains from choosing the alternatiyefrom

a finite setC. The observable paN_, which is a function of a vectorX

i X+ consisting of
choice-specific attributes as well as individuaafic characteristics. The random error term

&, 1s assumed to be independentXf and follows some predetermined distributfoithe

nj

distribution is also called Gumbel and type | extesvalue (Train, 2003).

19t is assumed that the random error terms are gnttgntly and identically distributes (iid) (TrairQ®), i.e.
iid implies that the variances associated with ¢benponent of a random utility expression describéagh
alternative (capturing all unobserved influencestlum choice) are identical, and that these unokskeeffects
are not correlated between all pairs of alternatifleouviere et al., 2000). According to Train (2D@Be key
assumption lies in the independence of the ermomdgi.e. that the unobserved portion of utility fane

alternative is unrelated to the unobserved pouioutility for another alternative. Under independe, the error
for one alternative provides no information to tlesearcher about the error for another alternaStated
equivalently, the analyst has specifigdj sufficiently that the remaining, unobserved partiof utility is

essentially “white noise.” In case these logit agstions are violated one option is to use a differeodel, such

as a random parameter logit model or a latent chaxtel.
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RUMs are most commonly estimated using the metHoohaximum likelihood estimation
(MLE), i.e. the coefficients show the relationslhigtween the probabilities of selecting one
option with its attributes that are most likelydocur given the choices one can observe the
respondents actually making (Sandefur et al., 1996)ioni will be chosen oveyj if:

Vi (X)) + &5 >V (X)) + &30 12 j,0j0C. )

nj?

The probability that this is the case will be givBn

n,(i) =ProbV, +&, 2V, +¢,;0i # j,0j0C }

®3)

By assuming a linear functional form for, (X ;)and an iid distribution for the error
components in Equation 3 a discrete choice modedwk as multinomial logit modeél
(McFadden, 1973) can be constructed:

exp(B'%,) "
Y exp(B'x,)

Prob, =

X is a vector of independent variables upon whitilityis assumed to depend, anl is a
vector of parameters to be estimated, and tReab, gives the probability of choosing
alternativei out of j alternatives for decision maker (Bateman et al., 2002). The veciBr
is usually assumed to equal 1 so that {es can be identified. It is noteworthy that

McFadden (1974) demonstrated that the log-likelthofunction with these choice

probabilities is globally concave in parametgtswhich helps in the numerical maximization
procedures (Train, 2003). Th8's can also include a series of alternative specifigstant

term (ASC) that capture the effects in utility framy attributes not included iX ;.

1 In this study, the dependent variable takes folueg(animal A, animal B, animal C, no animal), &etice a
multi-nominal logit (MNL) model is required (Batemat al., 2002). If the dependent variable onleta&n two
values (e.g. A or B) then we talk of a binary logibdel (Bateman et al., 2002). MNL models are agdpliaen

there is a single decision among two ore moreradteres (Green, 2003).
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MNL model and welfareindicatorsfor cattle

For policy analysis, the researcher is often irgiy@ in measuring the change in consumer
surplus that is associated with a particular pollegr instance, a change in the attributes of
cattle can have an impact on consumer surplusghatportant to assess. Deprivation of the
level of tick tolerance of cattle harms livestoakekers in their income generation due to
early death of animals or lower productivity. Asesult livestock-keepers are no longer able
to keep this type of cattle and that leads to dWmgdnumbers of a certain breed and
dwindling genetic resources as a biodiversity addeasuring this harm in monetary terms is

a central element of setting up policy implicati@gginst the loss of genetic resources.

The probabilities of an individual choosing anyegivoption can then be estimated owing to
those coefficients showing the relationship betwidenprobabilities of selecting one option
(see Equation 3). These probabilities can be usetktive the inclusive value index of the
underlying utility associated with various choigations. With one attribute being price the
marginal utility of money can be calculated. Hence, for any utility changguced by a
change in animal attributes, one can calculatertbeey payment that would induce the same
utility change. This money payment is the individ&VTP for getting one desirable cattle
attribute. The marginal utility of money can beirasted from the MNL model through the

calculations of part-worth (Rolfet al, 2000):

W= | _ Poawiowe 5)
:Bmonetaryvariable

12 Also referred to as marginal rate of substitutibet¢een income change and the attribute in quéstion
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2.3. Accounting for livestock-keeper’s heterogeneit y

Though the simplicity in constructing and analyssugh a basic MNL model has proven very
useful, the behavioural restrictions it imposestloa data have increasingly troubled applied
econometricians (McFadden, 1973). One of the Imgiimplications of the standard model is
that it imposes homogeneity with respect to indraildpreferences. Failing to account for
preference heterogeneity, when it is warrantedjde@ biased utility parameter estimates
(Green 1997). Such biased estimates have been dioopnoduce misleading predictions of
the main variables of interest such as participapoobabilities, market shares as well as
marginal and total welfare measures (Breffle anaéyp2000).

The choice model in Equation 4 assumes homogeagjtyeferences which follows from the

assumption that the deterministic component of dfiéty function is invariant across

individuals (i.e,X, = 8X,). This further implies that the variance of theoerterm is

assumed to be the same for all individuals andttteae is no correlation across occasions for
a given respondent (this implication follows frorhetiid assumption). In practical
econometric terms this translates into the inabilf identifying and estimating the
coefficients of individual characteristics in thlirect utility function since terms that do not
vary across alternatives fall out of the probapi(iGreen, 1997, p.914). Hence, even if such

individual characteristics are directly includedfe vectorX,, their effect on the probability
of choosing a particular option, i (gannot be assessed. Hence, alternative conditiogial

models with interacted individual characteristisach as the RPL modé&ls, are preferred

(Kontoleonet al, 2002).

13 Apart from the RPL model there are two other motteds account for consumer heterogeneity: the canee
heterogeneity model and latent class model. Howéeeh models are considered in this study.

* The term mixed model is often used synonymously.
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The RPL model allows all choice-specific parameteryary randomly across individuals.

That is,Bin Equation 4 becomgs, . This is accomplished by assuming th@t is drawn

from a joint density function, the parameters ofickih(mean and standard deviation) are
recovered by simulation (see Train 2003). Receptiegiions of RPL models have shown
that they outperform conditional logit approacheghlin terms of overall fit as well as in the
accuracy of their welfare measure estimates. Kogtoleonet al.,2002; Scarpat al, 2004 )
although some have cautioned that while the RPLetsoexplicitly account for preference
heterogeneity, they are not well-suited to exptajnihe sources of heterogeneity (e.g. Boxall
and Adamowicz, 1999).

The specification of the RPL model is based onNtidL model with some modifications,
whereby variations in tastes that are related teenked attributes of the decision making
respondents are captured through specificatiohegtkplanatory variables and/or the mixing
distribution. The RPL probability can be derivedrT utility-maximizing behaviour in several
ways that are formally equivalent but provide difiet interpretations. The two basic
approaches are variation in the error term and regovariation based on random
coefficients. The most straightforward derivatiand most widely used in recent applications
is the latter approach (Train, 2003) and it is applied in this study and its specification is

as follows:

The decision maker faces a choice amdnglternatives. The utility of person from

alternative j is specified as

U, =RX,+&, (6)
where X, are observed variables that relate to the altemaind decision maker, is a
vector of coefficients of these variables for paersgepresenting that person’s tastes, apd

is a random term that igl extreme value. The coefficients vary over decisitakers in the
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population with density (£). This density is a function of parametedsthat are normally

distributed with a meaib and covarianc&V of the £'s in the population. Theg( 3/b,W)

is the normal density with meah and covarianceN, wherebyb and W have to be

estimated.
The analyst does not knovgn and therefore cannot condition df (Train, 2003). The
unconditional choice probability is therefore thstegral of Lo () over all possible

variables of'B“. If utility is linear in B , then: the choice probability under a normal dgns

is:

__exp(Bx,)
P, = > orp(Bx,) #(R/b,W)p 7

Accounting for preference heterogeneity supporigypalecisions for possible conservation
initiatives. The aim is to understand who makes ciWhchoice, how different types or
segments of individuals are affected by their chaoiaking. That eventually permits targeting
of those livestock-keepers who are most “willingidamost suitable for participating in an

situ conservation programme for the pure Borana.

!> The coefficients can take on any other distribytiuch as lognormal, uniform, triangular (Train 2D0The
analyst can freely choose it. The lognormal distidsuis useful when the coefficient is known to &dke same
sign for every decision maker, such as a pricefioieft that is known to be negative for everyoiiea(n,
1998). However in this study the normal distribntiwas chosen for all parameters that vary rand@aoitpss

individuals.
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3. Sampling and household survey

The results of this study are derived from a surgepducted on the Borana plateau in
Ethiopia where 246 households were randéhdgmpled. The southern part of the plateau,
made up of four peasant associations (BAwas targeted for this field research due to the
importance of Borana cattle in this area. The figskearch lasted for four months, covering
October 2003 to January 2004.

Apart from the choice experiment, a semi-structugeestionnaire was used to capture
household data. Additionally, participatory rapigpeaisals, participant observation and
interviews of key informants were employed to gatimeich of the qualitative data which

facilitated interpretation of the quantitative data

3.1. Results of pilot study

As already indicated in the introduction, the Baareed is perceived as superior due to
various outstanding attribute expressions. Tableighlights the main attributes that are
important for the quality of cattle, as stated lijage elderly in the course of focus groups
and in-depth interviews. The table also attemptsraiok the three predominant breeds
(Borana, Guiji and Gari) with respect to the perfance of the different traits.
[Table 1 here]

The ranking reveals clear advantages for the Botamead, particularly with respect to
tolerance to water shortage, fertility, tick toleca and cultural value. Some other attributes

such as the ability to cover long distances duéatge body size, milk yield and traction

16 “Randomly” means that every household in a PA &adequal chance of being selected from a listHer t
sample as every other household. Lists of all haaldshin any given peasant association were provigethe
village chiefs.

" The PAs were created under the Land Reform Proclamatidr(1®¥5), as a means to organise the livestock-

keepers in territorial units.
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suitability are perceived as excellent equallyBorana and Gari cattle. The Guji breed was

in any cases considered performing not as wellaari and Gari.

3.2. Socio-economic differences among Borana pastor  alists in Ethiopia

The results of the household survey that was chroi@t simultaneously with the CE are
emphasised in Table 2. The household characteristee of importance for revealing whether
the differences among livestock-keepers have ampadinon the choice for one animal or the
other.

[Table 2 here]

4. Experimental procedure and empirical results

4.1. Design of choice sets and experiment procedure

A choice experiment (CE) is a ‘structured methodath generation’ (Hanlest al, 1998), as

it relies on carefully designed tasks or “experitsério reveal the factors that influence
choice. Several profiles were created, and in shisly referred to as animal profiles. Each
animal profile represents one aniffia terms of its attributes and levels of thesalattes. A
certain combination of different animal profilegf@rred to as choice set) was presented to
livestock-keepers on the Borana plateau and theg asked repeatedly which animal profile
they prefer among all given profiles in a choice se

In this study a choice ranking (CR) approach wasfgored over a simple CE. In a CR
approach, a sample of individuals is required tikra discrete choice set of alternatives from
their most to their least preferred. However, thadal specifications are the same, only the
experiment design and the data entering and codiffgr between the CE and a CR

approaches. The advantage of a CR over a CE appi®é#zat it provides more “choices” per

'8 The animal profiles were different for cows andsul
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respondent and therefore a greater set of infoomaikespondents are asked to make a full
ranking between four options (Animal A, B, C or tlm-buy” option), i.e. each respondent
has to make three choices in each choice setgimple CE it is only one choice per choice
set).
Each animal profile contains seven attributes &ntevels, whereby the profiles for cows and
bulls vary in two attributes, namely offspring (floulls) and calving (for cows), and traction
suitability (for bulls) and milk quantity (for coysThe remaining five attributes are the same
for both sexes with price being adjusted for comd lulls, based on authentic market prices.
The finally chosen attributes and levels for thereh profiles are as follows:
1) Big body size vs. small body size
2) Tick tolerance vs. no tolerance
3) Watering frequency: each day, after 2 days, afayg
4) Market price: 90, 120, 150 Euros for bulls and 8080 Euros for cows
5) Horn shape and size: short and straight, long aadykt, long and curved
6) Traction suitability vs. unsuitability (bulls)

Milk quantity: 0-2 litres, 2-4 litres, more thariites (cows)
7) Strong offspring vs. weak offspring (bulls)

One calve every year vs. one calve every two yEanss)

32 of those animal profiles were designed using SPp&rtial factoridf orthogonal design,
which guaranteed the identification of all tasteapaeters during estimation (Kuhfeld, 2003).
The sets were further optimised by accounting forimum level overlap within the animal

profiles as well as for no overlap of animal predilwithin one choice set. The 32 animal

1% |n a factorial design each level of each attriigteombined with every level of all other attribst(Louviere
et al, 2000)
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profiles were then randonffy blocked into three. A combination of three animabfiles
(animal A, animal B, animal C) as well as a forftion, a so-called opt-out optiircan be
considered a choice set. The choice sets for cowisballs differ due to two different sex
specific attributes. Four choice sets for cows timee choice sets for bulls were presented to
each respondent. Hence, each individual did seukrrankings and thereby made 7*3=21
choice$?. 246 respondents account for a total amount 06§26*346) choices. An example

of the choice sets for cows and bulls can be fanride Appendix.

4.2. Coding and opt-out options

The basic MNL model assumes that the choice betwese options is only a function of an
alternative specific constant (ASC) and the attelnf the alternatives. The attributes that had
two levels were effects coded with -1 for the napression of the attribute and 1 for the
presence of the attribute. Only price was coded asimerical value with three levels and
adjusted for males and females. The ASC is notcehepecific but equals 1 when either
animal A, B or C was chose and 0 when opted for“tlee buy” option. The dependent
variable “choice” is a discrete variable that equawhen an animal profile is chosen and O if
it is not.

The introduction of an opt-out alternative (i.@ektock-keepers chose this options when they
did not approve any of the presented animal poflgt chose to keep the money instead) was
necessary for the estimated welfare measures sesulbe consistent with demand theory.
Batemaret al. (2003) make the point that “it is necessary tdude a status quo option in the

choice set in order to achieve welfare measurdsattgaconsistent with demand theory. This

% The animal profiles were blocked randomly but iseaond stage the sets were approved while accguiotin
minimum overlap of the same profiles within oneaed for the maximum level diversity among the jesfof
one set.

%1 The opt-out option is the same than not buyingdadrite presented animals but keeping the money.

2 The four alternatives in a choice set (animal Amah B, animal C, “no-buy”) give rise to three ches.
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is, because, if a status quo alternative is noluded in the choice set, respondents are
effectively being “forced” to choose one of theeatltatives presented, which they may not
desire at all and that is inconsistent with deménrebry (Bateman et al., 2003; Adamowicz

and Boxall, 2001, Bennett and Blamey, 2001). If $ome respondents the most preferred
option is the current baseline situation, then amydel based on a design in which the
baseline is not present will yield inaccurate eatas of consumer welfare.

In this study, the “no-buy” option is consideredkaseline or status quo profile and hence
coded with all attributes being zero. There are &wgeptions for the status quo profile,

relevant for those three attributes with three l&¥éwatering frequency, horn shape and size
and milk yield). For milk yield, the statue quo“%4 litres”, for horn shape and size “short

and curves” and for watering frequency “wateringmgv2® day”. The use of these status quo

attributes allows the estimation of absolute val@resfe et al,, 2000).

4.3. Results of the basic MNL model

After accounting for missing data or data, wherspondents did not reply to the full set of
choices, the sample size was reduced from 2496arlviduals. These individuals provided
data for 2952 choices. The models were analysedjudMDEP 8.0 NLOGIT 3.0 (Greene,
2003).

Different model specifications were compared aciegydio higher log-likelihood value
criterion. The model is specified so that the plolitst of selecting a particular animal profile
as first, second or third choice is a function tfilautes of the alternatives and of the
alternative specific constant (ASC; see chapte). Zhe MNL model is used to estimate the
attribute values for the entire population représeioy the sample and to test whether or not

the demand for each attribute is significant andlfy to compare the implied, relative values

% Including all three levels of these attributes doresult in a collinearity problem and the estiimatof the

MNL model would be infeasible.
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of attributes. Testing the significance of attrégmifor the choice decision is done by applying

the Swait-Louvierelog likelihood test (Louviereet al, 2000) for comparing models with
different number of variables. The test statisticasymptotically distributed ag”and is
expressed as:

X =-2(LL, - LL,) (6)
where LL, refers to the log likelihood statistics for théfelient models with different set of

variables. The highest value of the log-likelihdadction is found for the specification with
all attributes entering the model in a strict lindastribution. Further, the log-likelihood test
revealed that for cows three attributes have naifsignt impact on choosing one animal over

7

the other: the attributes “horn size” “milk yield @-2 litres a day” and “milk yield of more
than 4 litres a day”. In other words, the livestéeepers see no utility difference from cows
that have “long and curved” horns or the status‘ghort und curved” horns, but they assign
different utilities for cows with “short and curvetorns and “short and straight” horns, i.e.
the shape of the horns has significant impact enctivice. Further, livestock-keepers seem
not to consider milk yield of “0-2 litres” or “>4ttes” compared to the status quo of “2-4
litres” as an important driving factor for their aibe. These three variables were hence
dropped from the model. For the bulls model, allialdes explaining the animals were
significant and kept in the model.
The results of the estimated MNL coefficients fowcand bulls are presented in Table 3.
[Table 3 here]
All of the cattle attributes are statistically siggant at 1% level and any single attribute

increases the probability that an animal is setkad¢her things remaining equal. Since the

underlying sample is statistical, these parametgpeesent preference estimates of livestock-

keepers about cattle. The overall fit of the modsl measured by McFaddens® is
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reasonable by conventional standards used to desprobabilistic discrete choice modéls
(Ben-Akiva and Lerman, 1985). Furthermore, thefligxoperty of this model is tested using a
procedure suggested by Hausman and McFadden (d@@4gontained within LIMDEP 8.0
NLOGIT 3.0. It was found that the IIA property istrviolated implying that the multinomial
logit estimates do not hold any bias that couldeheasulted from inclusion of the “no-buy”

option.

Investigation of the results for cows and bullseas that the findings of the study are
strikingly in line with those as expected. The dachéor the ability to stay without water for
three days is positive compared to the status duaatering once in 2 days” and, on the
other hand, the demand for an animal that needsringtevery day compared to once in two
days is negative. That is due to the harsh enviemtran the Borana plateau and its scarcity
of water, particularly in the dry season.

The results of the MNL model further demonstratat tlivestock-keepers derive positive
utility from cattle that have a strong progeny.(s&rong offspring for males and an annual
calving rate for females), that are tolerant tkgiand that have a large frame (variable “body
size”). For female animals the attribute “yieldingpre than 4 litres milk per day” shows a
positive coefficient compared to the status qudbatte of “2-4 litres milk yield per day”.
Finally, livestock-keepers consider traction sultgbas an important attribute for males and

assign a positive utility to it.

% The ,02 value in multinomial logit models is similar tR? in conventional analysis, except that significance

occurs at lower levels. Hensher and Johnson (188fment that values 0102 between 0.2 and 0.4 are

considered to be extremely good fits.

> The main selection probability axiom used in bagNL model is known as IIA axiom. The IIA axiom states
that the ratio of the probabilities of choosing aalternative over another is unaffected by the ges or
absence of and additional alternatives in the ehe&t. Hausman and Mc Fadden (1984) developed thids

can be applied to detect IlA violations (Louvietek, 2000).
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4.4. Welfare analysis

The results of the part-worth between a changeamtonetary variable (in this case market
price of the chosen animal) and each attributeders and bulls can be observed in Table 4.
[Table 4 here]

Livestock-keepers are willing to pay 9 Euros addisilly to the market price for a cow that
has the ability to stay three days without waterimgiead of only two days (that is the status
quo), in case of purchasing a bull with this atitébthey are willing to pay 7 Euros more per
animal. On the other hand, switching to an anirhalt requires water supply every day
instead of once in two days results in a negattitgyuto the livestock-keeper and thus in a
cost of 26 Euros per cow, and a cost of 36 Eurosyade respectively. The WTP for a cow
(bull) with high tick tolerance (instead of poordemnce) equals 13 Euros (20 Euros) per
animal, and the WTP for a cow (bull) with a larganie amounts to 4 Euros (7 Euros) per
animal. The most important attribute for cows seérise the ability to have one calve every
year instead of every two years, that is worth LPoE per animal. Being suitable for traction
seems to be the most desirable attribute for bubs,the WTP for one bull that is well
suitable equals 37 Euros. The fact that a cow Xlas long horns is unfavourable, i.e. the

cost for this attribute equals 5 Euros for cows aBdor bulls.

4.5. Interactions with socio-economic characteristi cs

For cows as well as for bulls a number of sociorecoic variables were tested and it came to
light that “age of head of household”, “level ofuedtion of head of household”, “size of
household”, “ethical affection”, “religion”, “sizef cattle herd”, and “income from cattle
products” have no impact on the livestock-keepeedepences for different cattle attributes,
although some of them had a general impact on angase animal or picking the opt-out
option. Household with many members, for instamveere more likely to select one of the

presented animals rather than choosing the “no-bpyion. This finding can be explained by
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the fact that all household members are engagétkicattle husbandry and the more labour
one household can supply the more cattle it cad. karrther, respondents who did not have
any school experience (and who were mainly illiieyavere also more likely to choose one of
the three animals than respondents who receivéshst primary education. This reflects an
on-going trend in the Borana traditional societgu&ated livestock-keepers nowadays tend to
send all their children to school and thereforé thel majority of their cattle in order to pay
the school fees.

However, the parameter “being a pastordlistias a significant impact on the livestock-
keepers’ preferences about some cattle attribated, the final model only included the
parameter “pastoralist” as only socio-economic abi@ristic in the RPL model. In this RPL
model, the estimated standard deviations of caeffts are highly significant, indicating that
parameters do indeed vary in the population. rcdve model, the derived standard deviations
of parameter distributions show significance foe four attributes “calve”, “tick”, “wat_1"
and “big”. The parameter price was set as fixediwah order to avoid negative values for
price. In the cow’s model, the parameters for “thdkd “horns” did not show significance in
the basic MNL model and hence were not considenethe RPL model. For bulls, all
parameters seem to have significant impact n teporalents’ choice (see results of MNL)

and thus all were included in the RPL model. Theapeeters “traction”, “wat_1", “offspring”

%6 Two production systems are common in the researsh @ee Table 2), namely pure pastoralism (true for
17.1% of respondents) and agro-pastoralism (trufa3% of respondents). Both systems are apptepfia
the arid/semi-arid conditions in Southern Ethiofiastoralism is a grass-based system, meaning thrat thhan
90% of dry matter fed to animals comes from rang#sa pastures, annual forages and purchased feddess
than 10% from crops. The system’s annual averamekisiy production rates are less than 10 livestatiks
(LU) per ha agricultural land. Agro-pastoral systeans mixed farming systems with more than 10% efdty
matter fed to animals coming from crop by-produatel stubble or more than 10% of the total value of

production comes from non-livestock farming aci@st(i.e. another source of income besides livé&¥toc
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and “tick” were set as random, all exhibiting sigrant standard deviations. The price and the
other parameters remained fixed (i.e. these chenatits do not vary among respondents).
The detailed tables, matrices and codes can beestfi form the authors, they are not
presented here as it would be beyond the scopeisopaper. Using th8wait-Louvierdog-
likelihood test it could be seen that the RPL maméperforms the MNL model with respect
to the model fit. Hence, allowing the parameterséaoy, indicate that the explanatory power
of the RPL is considerably greater than with baiL .
The RPL with this particular parameter about praiducsystem reveals three crucial points:

Agro-pastoralists are indifferent about the bode ©f cows and bulls

Pastoralists do not place importance on the tnaciotability of bulls

Pastoralists consider the ability to withstand wasieortage for three days for bulls

less important than agro-pastoralists

The RPL implies that even about 38% of the pagstisaplace a negative coefficient on
traction suitability in bulls. It is also notewoyttthat more than the half (59%) of agro-
pastoralists place a negative coefficient on biiskand even 61% on large-framed cows. The
latter fact could have negative consequence ocdhservation of the Ethiopian Borana, that

is, in comparison to other breeds and Borana sebtigrge-framed.

Consumer heterogeneity among different production systems:

The implied heterogeneity among pastoralists’ agub-pastoralists’ utility for cattle gave
rise to model separate models, one including redgas who are pastoralists and one
including respondents who live on agro-pastoraiisrorder to reveal differences in the WTP
among the two groups. This section details the=ifice in WTP indicators among the two

groups and also analyses the total utility thahegoup expects from keeping cattle.
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Pastoralists assign more value or utility to cohet tgive one calve every year rather than
every two years; i.e. the pastoralists’” WTP forsthitribute exceeds the agro-pastoralists’
WTP for it by 3 Euros per cow. A similar situatiapplies for the attribute “tick tolerance”.

For pastoralists, this attribute has a 4 Eurostgrealue per animal than for agro-pastoralists.

Agro-pastoralists prefer bulls that are suitabletfaction and their WTP for this attribute is
52 Euros higher than the pastoralists’ WTP for tiisibute, because there WTP amounts
zero (the attribute does not show significance).tl@nother hand, pastoralists derive higher
benefits from big bulls, as this attribute is nigingicantly valuable to agro-pastoralists.

Table 5 and 6 exhibit all WTP indicators.

5. Conclusions and implications for conservation

There are various governmental and non-profit aggdion situated in the Borana zone and
international institutions operating from Addis Adaaand frequently sending out researchers
to this area. Until now none of them has set upsepration programmes for the pure
(Ethiopian) Borana with participation of local Inkkeepers, although at some organisations
the plan to follow this up is on their agenda, ame to light during expert interviews. The
awareness of the current threat of ANGR erosioaddry the Borana and for taking action in
the conservation process is already imminent amiessed not only by these organisations
but also by the local livestock-keepers but theneauc foundation of conservation
programmes is still lacking. The results of thisdst shade light on the economic importance
of conserving the pure Borana and may eventualtylitie a decision for initiating a
conservation programme.

The relevance of cattle and its particular atteisuas a means of food security, source of

income and of cultural identity, was pointed out bgnducting a choice experiment
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investigating livestock-keepers’ preferences reigagrddifferent cattle attributes and the
magnitude of their WTP for them. The choice expentrwas performed across a sample of
246 livestock-keepers on the Borana plateau inopthi The WTP analysis shows that
livestock-keepers allocate a great value to thieviohg attributes (the figures in parentheses
indicate the WTP for one animal in Euros):

Requirement of watering only once in 3 days (Sclmws; 7 for bulls),

Being tick tolerant (13 for cows; 20 for bulls)

Being of large frame (4 for cows, 7 for bulls)

Producing strong offspring (12 for bulls)

Calving once a year (12 for cows)

Other cattle attributes, on the other hand, areohanportance in the marginal areas of the
Ethiopian Borana zone. One of these attributelsaanilk quantity, a production factor that is
very important in the Western world. Neither a lower a higher milk yield than the status
quo of 2-4 litres per day seems to have signifieapiact on the choice for cows.

Interesting differences have been found betweenitmrtant groups of livestock-keepers:
those whose livelihood almost fully depends onditeek production (=pastoralists) and those
who also do crop cultivation for generating incofpagro-pastoralist). Pastoralists prefer
cattle that are not necessary suitable for tractamther, pastoralists derive higher benefits
from large-framed animals (cows and bulls) tharoggastoralists, for whose the body size is
not an important purchasing factor.

These findings implicate that pastoralists may e#telo “targets” for participating in
conservation programmes because they place a higher to attributes that are well known
for the Ethiopian Borana than agro-pastoralists &etice do not need compensation

payments for keeping Borana cattle. These liveskadpers will be therefore most likely to
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continue to maintain the Ethiopian Borana and thiyalso be the least costly to incorporate

into a conservation programme.
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Appendix

Table 1: Livestock-keepers preference ranking of atibutes among local breeds

Ranking*

Attribute Measured through Borana Guiji Gari
High tolerance to environmental extremesWatering frequency 1 2 2
such as droughts
Ability to cover long distances Body size 2 1
High level of tick tolerance Tick tolerance 1 2 2
Great cultural value Horns size and shape; Body siz 1 3 2
Insurance for emergency cases (ability to Market price 2 3 1
fetch high prices at market)
Good mothering ability and high fertility Calvingefjuency 1 2 3
High milk yield and good udder condition Milk quémt 1 2 1
Traction suitability Traction suitability; Body size; 1 2 1

Horn size and shape
Strong mating activity and strong offspring  Offsuristrength 1 2 1

*1=the best performance, 3 = worst performance

Table 2: Socio-economic characteristics across Edpian respondents

Sex (in %)
Male 93.5
Female 6.5
Age (in years)
Mean 45.3
St. Deviation 15.7
Household size (in head)
Mean 6.0
St. Deviation 2.6
Number of children under 15 yrs. (in head)
Mean 3.2
St. Deviation 1.8
Aba Ola (village chief) (in %)
Yes 10.6
No 89.4
Highest level of education (in %)
Head of HH Children
llliterate 86.6 54.1
Can write and read 9.8 394
Completed primary school 0.8 2.4
Secondary school 2.8 3.3
Completed secondary school 0.0 0.8
Household income from cattle products (in Euros)
Mean 73.4
St. Deviation 183.0

35




Number of animals (in head)

Cattle Cows Bulls Calves Goats Camels

Mean 17.7 9.2 25 6.1 4.3 1.2

St. Deviation 16.1 10.6 2.8 5.1 5.2 2.4
Production system (in %)

Crop production 1.6

Agro-pastoralist 81.3

Pastoralist 17.1
Movement (in %)

Cattle Family

Sedentary 13.8 88.2

Transhumant 30.5 114

Nomadic 55.7 0.4
Table 3: MNL results for bulls and cows

Cows Bulls
Variable Coefficient | P-value Coefficient | P-value
Price -0.029 0.0000 -0.013 0.0000
Traction suitability 0.491 0.0000
Watering every day -0.767 0.0000 -0.614 0.0000
Watering once in 3 days 0.261 0.0000 0.093 0.0309
Tick tolerance 0.384 0.0000 0.268 0.0000
Big body size 0.111 0.0012 0.088 0.0105
Short and straight horns Not significant -0.171 06.0
Long horns -0.0143 0.0000 -0.120 0.0000
Strong offspring 0.163 0.0000
1 calve every year 0.355 0.0000
Log likelihood -2350.4 -1795.1
Vg 0.27 0.25
Table 4: WTP indicators for the pooled model (inclaing whole sample size)
Cows Bulls
Variable Coefficient | p-value Coefficient | p-value
(rounded) (rounded)

Watering every day -26 0.0000 -36 0.0000
Watering once in 3 days 9 0.0000 7 0.0271
Tick tolerance 13 0.0000 20 0.0000
Big body size 4 0.0012 7 0.0106
Strong offspring 12 0.0000
1 calve every year 12 0.0171
Short and straight horns Not significant -9 0.0090
Long horns -5 0.0000 -13 0.0000
Traction suitability 37 0.0000

Wald statistic

681.2 (0.0000)

295.4 (0.0000)
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Table 5: WTP indicators for pastoralists

Cows Bulls

Variable Coefficient | p-value Coefficient | p-value

(rounded) (rounded)
Watering every day -27 0.0000 -67 0.0000
Watering once in 3 days 8 0.0000 Not significant
Tick tolerance 14 0.0000 26 0.0000
Big body size 4 0.0021 8 0.0188
Strong offspring 17 0.0000
1 calve every year 13 0.0000
Short and straight horns Not significant -9 0.0511
Long horns -5 0.0000 -16 0.0007

Traction suitability

Wald statistic

526.3 (0.0000)

Not significant

207.5 (0.0000)

Table 6: WTP indicators for agro-pastoralists

Cows Bulls

Variable Coefficient | p-value Coefficient | p-value

(rounded) (rounded)
Watering every day -21 0.0000 -45 0.0000
Watering once in 3 days 13 0.0000 38 0.0000
Tick tolerance 10 0.0000 29 0.0000
Big body size Not significant Not significant
Strong offspring 16 0.0065
1 calve every year 10 0.0000
Short and straight horns Not significant Not sigriht
Long horns -6 0.0027 Not significant
Traction suitability 38 | 0.0000

Wald statistic

168.5 (0.0000)

79.5 (0.0000)
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Figure 1: Example for choice set for cows
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Figure 2: Example for choice set for bulls
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