Institut fur Agrarpolitik, Marktforschung und Wirtschaftssoziologie der

Rheinischen Friedrich-Wilhelms-Universitat zu Bonn

Modelling the value of farm animal genetic resources — facilitating priority

setting for the conservation of cattle in East Africa

Inaugural-Dissertation
zur

Erlangen des Grades

Doktor der Agrarwissenschaften

(Dr.agr.)

der
Hohen Landwirtschaftlichen Fakultat
der
Rheinischen Friedrich-Wilhelms-Universitat

Zu Bonn

Vorgelegt am 12.Juli 2006
von Kerstin Katharina Zander
aus Bochum

D 98


http://www.agp.uni-bonn.de/abtru/abtru_d.htm

Referent: Prof. Dr. Karin Holm-Miiller

1. Korreferent: Prof. Dr. Henner Simianer
2. Korreferent: Prof . Dr. Stefanie Engel
Tag der mindlichen Prifung: 20.11.2006
Erscheinungsjahr: 2006

Diese Dissertation ist auf dem Hochschulschriftenserver der ULB Bonn

http://hss.ulb.uni-bonn.de/diss_online elektronisch publiziert



http://hss.ulb.uni-bonn.de/diss_online

Modelling the value of farm animal genetic resources -
facilitating priority setting for the conservation of

cattle in East Africa

Kerstin Katharina Zander

2006



Abstract

Modelling the value of farm animal genetic resources — facilitating priority setting for
the conservation of cattle in East Africa
Kerstin Katharina Zander

Given the diminishing diversity within farm animals and with it dwindling genetic resources
that are in jeopardy of becoming extinct forever, sound conservation programmes for farm
animal genetic resources become more and more important, including appropriate
compensation payments for community-based conservation programmes. The findings of this
study will guide policy-makers in their decisions on which breed to conserve, where to
conserve and how to conserve it, all under the umbrella of cost-efficiency. The survey was

limited to the Borana breed in southern Ethiopia and northern Kenya.

The first scope of this study was to discover (1) unique benefits of and threats to the Borana
breed and, (2) the distribution and existence of Borana subtypes. This study aimed to
monetarily assess (3) attributes of local cattle breeds in the research area and, (4) different
cattle breeds per se relative to each other. A further objective of this study was to reveal (5)
the costs of a community-based in-situ conservation of the pure Borana. Finally, the study
aimed to identify (6) a ranking priority for the conservation of different Borana subtypes and,

(7) important implications and considerations for conservation programmes.

Overall, the study concludes that comparing the values of three locally adapted Borana
subtypes (Ethiopian Borana (EB), Orma Borana (OB) and Somali Borana (SB)) to the costs of
conserving them, conservation programmes will have great potential and will secure the
Borana people’s daily needs as well as their traditional pastoral lifestyle that is strongly
interdependent with the keeping of Borana cattle. It was further concluded by applying a
Weitzman priority ranking approach that the EB has the greatest potential to be conserved
cost-efficiently and that this type in Ethiopia should receive the highest priority for
conservation funding. With properly installed community-based in-situ conservation
programmes, a rapid change in production and land use systems away from a sustainable
cattle husbandry production can be haltered. Conserving the EB in the Borana lowlands in
Ethiopia will secure the future use of the Borana genetic material at very little costs per

animal.

Keywords: animal genetic resources, Borana, choice modelling, compensation payments,

conservation, Weitzman



Kurzfassung

Modellierung des Wertes tierischer genetischer Ressourcen — Festlegung von Prioritéaten
far Erhaltungsmalinahmen des Borana-Rindes in Ostafrika
Kerstin Katharina Zander

Diese Arbeit beschiftigte sich mit der okonomischen Bewertung tierischer genetischer
Ressourcen und der Frage nach einer moglichst kosteneffizienten ErhaltungsmalBnahme fiir
das Borana-Rind in Kenia und Athiopien. Zur Datenerhebung wurden im Zeitraum zwischen

Juni 2003 und September 2004 370 Rinderhalter in Nordkenia und Siiddthiopien interviewt.

Landwirtschaftliche Produktion hingt iiberwiegend nur noch von wenigen Nutztierrassen ab.
Viele Rassen, die frither der Nahrungsmittelsicherheit dienten, sind bereits ausgestorben. Mit
der Dezimierung der Rassen vermindert sich sogleich ihr genetisches Material und somit
wichtiges Ziichtungsmaterial fiir die Zukunft. Obwohl das Borana-Rind sich durch viele
hervorragende Eigenschaften auszeichnet, schwindet auch sein genetisches Material, zum
einen durch einen generellen Riickgang der Rinderpopulationen im Untersuchungsgebiet
(aufgrund von Diirren, Wechsel zu anderen Produktionssystemen, begrenzte Weideflichen)
und zum anderen durch intensive Kreuzungen mit anderen einheimischen und zum Teil auch

,,exotischen* Rassen.

Eine phénotypische Erhebung der Verteilung des Borana-Rindes im Untersuchungsgebiet
zeigte, dass drei Unterarten dieser Rasse dominieren, welche alle drei mogliche Kandidaten
fiir ErhaltungsmaBnahmen wiren: das Athiopische Borana-Rind (EB), das Orma-Borana-Rind
(OB) und das Somalische Borana-Rind (SB). Diese Arbeit beschiftigt sich daher mit den
Fragestellungen, welche der drei Unterarten erhalten werden soll, wie viele Tiere davon
erhalten werden miissten, wo es erhalten werden solle, welche Rinderhalter einbezogen

werden sollten und wie hoch die Kosten waren.

Das Weitzman-Ranking ergab, dass es kosteneffizient wire, das EB in-situ in Athiopien zu
erhalten. Die Studie zeigte, dass die finanzielle Mittel die dafiir bereitgestellt werden miissten

im Gegensatz zu dem ernormen Wert und Nutzen des Rindes sehr gering sind.

Schliisselworte: Borana-Rind, Entschadigungszahlungen, ErhaltungsmafBnahmen, tierische

genetische Ressourcen, diskretes Wahlmodell, Weitzman

i



Acknowledgements

Many people contributed to this study, and I am sure that I may have omitted someone. My
apologies to all those whom I have not mentioned here. Needless to say, any errors remain
mine alone. I just want to stress that wherever I received assistance, whether in Germany,

Ethiopia or Kenya, this assistance was always been great.

First of all, I would like to express my sincere gratitude to my “Doktormutter” Prof. Dr. Karin
Holm-Miiller for her patience and for giving me constant advice throughout this study. I also
greatly acknowledge Prof. Dr. Henner Simianer and Prof. Dr. Stefanie Engel for accepting to

take over the co-reference for this thesis.

I gratefully acknowledge the financial support of the Robert Bosch Foundation for the three
year scholarship and the Center for Development Research (ZEF) that hosted me during my
research and where I met a lot of friends during this period. These friends and colleagues are
too numerous to mention, however I am nonetheless very grateful. I greatly acknowledge the

support of my supervisors Dr. Detlef Virchow and Dr. John Mburu from ZEF.

There are a number of other people I am grateful to for help with the theoretic aspects of the
study. These are Dr. Riccardo Scarpa, Prof. Frederick Carlsson, and Prof. Nick Hanley for
providing valuable inputs on choice modeling issues. Two other people I would like to thank
are Dr. Sabine Homann and Dr. Sabine Reist-Marti for very aspect related to the Borana

culture and cattle and for helpful contacts and advice for the field work.

In Ethiopia, I spent much of my time in Addis using the facilities (above all the country’s
fastest Internet connection) of the International Livestock research Institute (ILRI). I am most
indebted to Dr. Adam Drucker, former senior scientist at ILRI in Addis, whose input was a
major factor shaping this study. I would also like to thank Dr Workneh Ayalew, Dr Getachew
Gebru, Dr. Yilma Jobre, Dr. Olivier Hanotte, Dr. Han Jianlin, Nigatu Alemayehu, Veyrl Adell
and Eshetu Zerihun, all of whom are ILRI staff. Many thanks also to Dr. Kassahun Awgichew
from the Institute of Biodiversity Conservation (IBC) in Addis and to Dr. Kidane Georgis
from the Ethiopian Agricultural Research Organization (EARO). In Yabello, staff from
CARE and SORDU were extremely helpful, and above all Dr. Mulugeta Shibru and Dalu

Ibrahima.

In Negelle I got together with Reinhold Swoboda and other staff from the GTZ Boorana
Lowland Pastoral Development Programme who provided me with important information

about the Borana zone prior to my field trips. Many thanks for this collaboration.

il



In Kenya I worked closely together with staff of both the Kenyan Agricultural Research
Institute (KARI) and Food for the Hungry in Marsabit. I greatly appreciated their assistance
and friendship during the research. In particular, I wish to thank Moses Lengarte, Diba Guyo

and especially James Nur (for always giving me very exciting lifts on his motorbike).

The whole thesis could not have been written without the excellent support of my field
companions. I was very lucky to collaborate with the best enumerators and drivers one could
wish to have. They all did superb work in conducting the interviews and in making livestock-
keepers understand the choice experiment. Without doubt have they contributed largely to the
success of the study and I am very content to have to rely on their excellent data. It was due to
the great mood, joy and empathy within the “team” that I have very much enjoyed the field
work. In this sense, much thanks to the “Bad Boys” Mare Katto and Kedir Wariyo, to
Abdulkadir Mohamed, Ahmed Shekh, Hassan Adam, Gujo Chepe, Stephen Sora Jillo and
James Lekeren. Special gratitude to my “chief” enumerator Jarso Duba, to whom I am

particularly indebted because he managed to make the Borana culture accessible to me.

I would like to acknowledge the provision of insight, knowledge and hospitality of the Borana

livestock-keepers.

Thanks also to my family in Bochum and to all my friends to put up with me while I was
writing up this thesis and who had to suffer boring tales about cattle hunting in the Borana

zone.

v



Table of Contents

AADSETACT. ... R et i
KU ZEBSSUNG ...ttt bbb bbb bbb bbbt bbbt b bbb bbb r e ii
ACKNOWIEAGEIMENTS ...ttt bbb b bbb s bbbt bbb bbb bbbt bt et b et et b iii
TADIE OF CONLENTS ...ttt bbbt bt h et ekt r etk e bt b e e b e e ek e e b et et e er e e et e ane e ere s v
LISE OF TADIES ..ot bR et b bbb ix
LISE OF FIQUIES ...ttt bbbt E ekt E bbbt bbb bt b e n et Xi
ADDIreviations aNG ACIONYIMS .....c..iiiiiireeeeee st este e s e sre e e e e e testesbesteate e e eseeeeseeesaeseesreeseereaseasaeseenseneenseneenes xii
1. GENEFAl INTFOAUCTION ...ttt ettt b e bbb bbbttt b et et b et be b 1
1.1. Importance of livestock in developing COUNTIIES ..........ooiiiiiiiieiiee e 1

1.2. Degradation Of ANGRS ..ot e bbbt bt et e e b e b e 2

1.3. Importance of conserving biodiversity in cattle breeds ... 4

1.3.1. Why value animal genetiC FESOUICES? .......ccvcviiieieiierieie e ste e ste e e e e e e e sre e e sa b e e srennas 6

1.4. Objectives and outling 0f the STUAY ..o e e 8

2. Theoretical framework of the valuation of ANGRS ... 11
2.1. Background on CONSErvation thEOIY ............coiiiiiiiieee e 11

2.1.1. Conservation classification SYSEIMS .........oiiiiiiiiiii et 11

2.1.2. CONSErVALtIONS STFATEgIES. .. civiiviiietieieiieie st te et e et e e st te e st e s e e e e e se et e s tesbesteeneetae e ebeseesrenrs 13

2.2. Economic evaluation 0f ANGRS ........ccoiiiiiiiiiee et 15

2.2.1. The total economic Value Of CAtIE ... 16

2.2.2. Economic valuation tEChNIGUES ..ot 17

2.3. Welfare measure for cattle evValUation..............ccoeiiiiiiie e 21

2.3.1. COmMPENSALING SUFPIUS ...ttt ettt bbbt a e se e bbb e 22

2.3.2. WTP and WTA compensation for conserving ANGRS..........cccccovivienineniesesieseeie e 23

2.4. Choice Model SPECITICALIONS.......cc.civiieiiiiie sttt st st sre et e et e e e aenre e 25

2.4.1. The basic multinomial 10git MOEl ...........cocoviiieieii s 25

2.4.1.1. Special case of ChOICE FANKING .......cccoiiiiiiiie s 27

2.4.1.2. MNL model violations and Validity ...........ccoceoiiriiiiiiieeee s 29

2.4.1.3. Goodness of fit and hypothesis tESTING .......cceiiiiriie s 29

2.4.2. The MiXed 10git MOGEL ........c.ooiiecieiece e e et sresrenes 31

2.4.2.1. Panel data SEILING.......ccoiuiiiiiie ettt st a et r e r e te s n e et e et renrenrs 33

2.5. The contingent valuation Method ...........cccveieiiie e s 34



B2 101 0T YRR 35

Background on the Borana society, its land and genetic aspects of its cattle breed ............c.ccocue... 37
3.1. Background 0N the reSEArCh @rea........ccocooiiieiiii i 37
3.1.1. The Borana plateau and its people in Ethiopia.........ccocoiiiiiiniiiiiee e 37
3.1.1.1. The organizational structure of the Borana SOCIELY...........coiriiierinie i 38
B0 0 O I T= o L=t o T PSS 39
3.1.2. The Borana land and culture in KENYa .........ccccevireiiiiieiecie s 40
3.1.2.1. The Marsabit QiSIICT........ccoiirirreiiiiecre e 40
3.1.2.2. The Borana CUIUIe iN KENYA ........couiiiiiiiiiciieieiees e 40
3.2. Genetic PrinCiPles OF CALLIE ..........oiiie e e 41
3.2.1. Classification Of CALLIE ...........ccoiiiiicie s 42
3.2.2. The Creation Of DIrEEUS ..o 42
3.3. The Borana breed, its status, and phenotypic desCription..........cccccocvivvivieiieieniecse e 44
3.3.1. The geographical distribution 0f BOFana..........ccccevvereriiieniesisieeseee e 46
3.3.2. Existing conservation programmes for Borana cattle............ccoocoeviiniininininsen 48
3.3.3. Benefits of the pure Borana breed and of its cONServation .............ccccooevoeiinieniciencnc e, 50
3.3.4. Threat to the pure Borana cattle in Kenya and Ethiopia..........cccccocviiiiiiniiiicceee, 51
R oW [ 101 0 1= 1 2 TP UPPPPRIN 56
S (0o V-V =T W U To I g T=1 d oo [o] [0 Y 2SS 58
4.1. Sampling and data COHECTION ........cveiiie e srenne s 58
4.1.1. Sample frame and SaMpPliNg StFATEGY ........ccvcvriiiririiiriiese e 58
4.1.2. Sample size and diStriDULION ..........ooiiiii e e e 59
403, SUNVEY MOUEB....cuiiuie ettt ittt ettt ettt sttt be ettt e s e ee e e bt s be bt be e bt e Rt e e e besee e b e s b e ebe et e aneenbeseenbenbesbenras 63
R @ LU 1= o] o P T = (=T oo SRS 64
4.2. Choice experiment design and ProCEAUNE ........cccvvveieiereereste e seeeeeesee e sae e sre e sneeseesaessesseseens 65
4.2.1. Description of attributes employed in the choice SetS.........ccocviviiiiv v, 67
4.2.2. Theory of experimental deSIgN ... 71
4.2.2.1. Number of animal ProfileS ... e s 71
4.2.2.2. Grouping of animal Profiles...........c i s 74
4.2.2.3. Limitations of experimental design and further outlook..............cccceovviieiiniiii e, 74
V0 T @XoTo [T To -V aTo o] o) 2ol UL o] ) (0] 75
4.3. Socio-economic differences among Borana livestock-keepers in Ethiopia and Kenya................ 76



U0 0] = o S 77

5. The value of cattle attributes and breeds in EaSt ATFICa..........cccvriirneiinee e 79
5.1. The value of single cattle attriDULES ...........ooviiiiie e 79
5.1.1. Results of the basic MINL MOGEL ...t 80
5.1.1.1. The DeSt MOl FIl ......coiiiiice s 80
5.1.1.2. WTP for different cattle attriDULES ...........ccooiiiiiiiiiie e 85
5.1.1.3. Welfare gains for NOUSENOIAS.............coviiiiir e 88
5.1.1.4. The first and remaining CROICES .........cvcviiiierieicie e re s 90
5.1.1.4.1. Implications from the most preferred ChOiCe ... 90
5.1.1.4.2. Implications from the rejected ChOICES .........cccooiiiiiiiiii e 92
5.1.2. Results 0f the MXL MOGEL ........cviiiiiiiiciee s 94
5.1.2.1. General heterogeneity in preferences for cattle attributes among individuals .................. 96
5.1.2.2. The source of livestock-keepers taste heterogeneity ........cccccovevevevivrinsiv s e 99
5.1.2.2.1. Socio-economic specific taste variation across livestock-Keepers .........ccccevvevevenieiennnne 101
5.1.2.2.2. Taste variation among livestock-keepers in different production systems.................... 105
5.1.2.2.3. WTP differences among production SYSTEMS ..........ccccereiireiieiieiiese e 110
5.2. The value Of Cattle DIedS .........coiviiiiie s 114
5.2.1. Theory of “What-if”” SCENATIOS. ........c.civiiieiieiiie ettt sre e e eneas 115
IS (ol g = U T IS o SRS 116
5.2.3. Changes in compensating SUFPIUS ........ccvoveiiiiee et sne e sne s 118
5.2.3.1. Different welfare changes among production SYStEMS ..........c.cccevireiinieneieneneieseneeseeas 121
5.3. Implications for conservation and Dreeding ... s 123
5.3.1. Targeting VeSTOCK-KEEPETS ........oiuiiiiiieite ettt ettt sa e 125
ST oW [0 0 1T 1 Y2 PRSPV P TSP PRTRPN 129
6. Costs of conserving the Borana breed ... 133
6.1. The importance of cost-analysis for the efficient conservation of ANGRS ........c..cccocevevereninnnn. 133
6.2. Conceptualising the costs of in-situ conservation of ANGRS ........ccccccoiiiiiiiiiiinice e 135
6.2.1. When is conservation WOrthwhile? ... 136
6.3. Gross margin analysis as a tool for assessing cCoOmMpPensation COSES .........ccocuveririeiinierene e 138
6.3.1. The concept 0f GroSS MANGIN .......coeiiiiiie et st te e e et e besresresreeneas 138
6.3.2. The results of the gross margin analysis and its limitations............cc.ccocveveinieieiievenie e 141
6.4. The costs of conserving the Ethiopian Borana SUDLYPE .......ccccveveeeice s 142



L =YY U] ) £ i T O Y/ Y/ 144

6.4.2. Comparison of WTA and WTP VAIUES ........c.ccccveriireriin et nne s 145

6.4.3. Implications for managing conservation ProgramimesS. ...........ccoeoeereereneeneneieseneeeseneas 146

5.5, SUMIMIAIY ...ttt ettt b e bt bt e bt e ab e e ae e bt e e b e e b e e st e eh b e sb e e s be e sbeenbeenneeaeesaeenbeanes 148

7. Priority ranking for conserving Borana Cattle..............cccooiiiiiiiiiiiiicee e 149
7.1. Relevance and theory of ranking SChEMIES .........ccviiiiiieiesc e 150

7.1.1. Background on genetic assesSment 0f ANGRS........ccccvvvvivririieieie e 152

7.1.2. The WeItZman apPrOaCh ........cccvcieiiiee st et re e e snesrenrenne s 153

7.2. Livestock-keepers perceptions about the Borana breed ... 155

7.3. Application of the Weitzman theorem and itS FeSUILS .........ccuiieiiiiiiiii i 158

7.3.1. The extinction Probability (Z))......ccoooaei e 158

7.3.2. Utility (U;) @aNd COSES (C) cuveriiiiiiiiciiieie ettt sttt st ste st sttt sne st na e e sn e besrenne s 161

7.3.3. DIStINCHVENESS (Di)..vrvvireerieiiriesieiteseeieeie s e este s e s e esee e stestesresseaseeseesaessestessesresneeneeseensesrennens 161

7.3.4. The ranking Priority (Ri) .ooeooeooeiireieeriere e s e e et e st e stesnesre s e eneesnenresresnens 162

7.3.4.1. The safe MIiNIMUM StANAN ..........cooiiiiiii e 163

7.3.5. Implications from the Weitzman approach...........ccooiiiiiiiiiiiice e 164

7.4. Community-based cONServation ProgramiMES .........cooeuererterereeieaeeieseesie e sreste e sseeseeseeseeseeseas 167

7.4.1. Benefits and OPPOTTUNITIES .......ccviiieiiiiie e st e e sr e besrenne s 167

7.4.2. Discussions and practical CONSIAerations..........c.ccevveieiirierieie e 168

R T 101 0T Y 173

8. Concluding remarks and diSCUSSION POINTS.........ccuiiiiiiirieiiirieeseee st 175
8.1, CONCIUSIONS ...ttt bbbt b bbb bbbt bbbt n bt b e bbb e 175

8L, TRFBALS.....cee ittt b e bbbt b et r e nr e 175

812, BENETILS ..ttt 177

813, VAIUE ... 177

8.1.4. COStS OF CONSEIVALION ......ovvviiireiie et 181

8.1L.5. PFIOFILY FANKING ...oiviiiiiitiiieiite et b ettt b e sr et nn et sne e 181

8.2. Community-based in-situ coNServation Programimes ..........coceeeeieereriereseseseseeeeee e sie e seesees 182

8.2.1. POLCY IMPIICALIONS ......ciiiiie ittt ettt e e bbbttt e e e e benbe b 183

8.3. Directions fOr FUrther reSEANCR ..o 185
RETEIEICES ... ettt bbbt b bbb e st eb e e b e b e e bt e b b e e bt ekt e b etk e bttt b et et e nr e 187
F Y o] o<1 Lo | OSSO U 200



List of Tables

Table 1: Livestock-keepers preference ranking of attributes among local breeds..........ccccccocevvvviiiecnnnnnn 51
Table 2: Distribution of interviewees among districts and PAs in Ethiopia (in heads)..........cccccovevvennenns 60
Table 3: Distribution of interviewees among zones and villages in Kenya (in heads)...........ccccocoveninnene. 61
Table 4: Heterogeneity iN SAMPIE .....o.oiiie et b e bbbt e b see b e 61
Table 5: Distribution of interviewees among areas of Borana subtype dominance ...........cccccceceveveieeveenenn, 62
Table 6: Socio-economic characteristics across respondents (St. Deviations in parenthesis)............c......... 77
Table 7: MNL model reSUItS TOr DUIIS ........oviiiicc e 84
Table 8: MINL MOdel FESUILS FOF COWS .....c.ooiiiiiiiiiteicierieeee ettt sb e e ab e 85
Table 9: WTP indicators for bulls” attributes (iN €) ... 88
Table 10: WTP indicators for cows’ attributes (IN €) ........cooeiiiii i 88
Table 11: Consumer surplus per individual and per household ... 89
Table 12: WTP indicators for bulls’ attributes according to the first choice .........c.cccooveveviiiiiii e, 90
Table 13: WTP indicators for cows’ attributes according to the first choice .........c.ccccovevevviiicvccic e, 92
Table 14: WTP indicators for cows’ attributes according to the last three choices...........cococrviiiicinenns 93
Table 15: WTP indicators for bulls’ attributes according to the last three choices...........cccocvviiiiciiens 94
Table 16: Results of the MXL model with all significant attributes randomly distributed.......................... 97
Table 17: Taste variation across livestock-keepers with different socio-economic background................ 103
Table 18: Taste variation across individuals in different production Systems...........ccccevveieeveiencneseseenn. 107
Table 19: Taste differences in different production systems for bulls (WTP measures in €)............c........ 112
Table 20: Taste differences in different production systems for cows (WTP measures in €)............c........ 113
Table 21: Scenario settings for SIMUIATION PrOCESSES ........civiiririiiriet et 117
Table 22: Country specific monetary values (in €) of breeds - derived from the simulations.................... 120
Table 23: Country specific monetary values (in €) of breeds — averaged OVEr SEX .......cccceveverevenesiesienne, 121

Table 24: Production system specific monetary values (in €) of breeds - derived from the simulation

PPTOCESS .. vtetteeteesteesteesteeseeeseeaseesse e st estees e es e eseens e e te e teenee e Rt e eR e e eRe e Rt e Rt eRteeR e e eR e e nRe e Re e EeenEeeneeeneeaneeaneenneenneenes 123
Table 25: Production system specific monetary values (in €) of breeds — averaged over seX..........c......... 123
Table 26: Parameters influencing the preference for attributes in bulls ..o, 127
Table 27: Parameters influencing the preference for attributes in COWS ..., 128
Table 28: Mean compensation costs in € per animal — by COUNTIY ... 145

Table 29: Distribution of households according to stated level of compensation required (% of households)
e 0 V2011 1 S 145

X



Table 30: Livestock-keepers attitudes and perceptions towards cattle breeds (all in %6)........c.cccccceveeenee. 155

Table 31: Variables for the calculation of extinction probabilities............c.ccocviviiviiniiicicrcee e, 159
Table 32: Extinction probabilities of cattle in the research area ..........ccoceceveieiceiininienieeee e 161
Table 33: Results of the Weitzman approach for the three major Borana SUDtYPesS.........ccocevevencienienne. 162
Table 34: Results of the MNL model — WTP values for single cattle attributes............cccoeiiiiiiniinnnn. 178
Table 35: Results of the simulations — Compensating surplus for Borana subtypes..........cccccoeevevieiennnnne. 180
Table 36: Costs of the conservation of the EB SUDTYPE.......c.ccveieiiiiie i 181



List of Figures

Figure 1: Total economic Value Of CAtLIE ...........cooviii i e e ane s 16
Figure 2: The Borana gene TlOW...........ci it 48
FIQUIE 32 RESEAICN @FEA.......eiuiiciiieiiet ettt bbb bbbt b bbb bbbt b et enes 63
Figure 4: Compensating surplus for different breeds of bulls in Kenya and Ethiopia (in €) ..................... 119
Figure 5: Compensating surplus for different breeds for cows in Kenya and Ethiopia (in €) ................... 119
Figure 6: Compensating surplus for different breeds of cows in different production systems (in €)....... 122
Figure 7: Compensating surplus for different breeds of bulls in different production systems (in €)....... 122
Figure 8: Costs Of SUDSTITULING DFEEUS ........coviiiiieiii e e 137
Figure 9: Types of AnGR Conservation Programime COSES ..........ccureririreiiineiesienieesie s 139
Figure 10: Descriptions of horn size and shape according to levels used in the choice sets........................ 200
Figure 11: Example of @ choice Set fOr DUIIS ...........ccco i e 200
Figure 12: Example 0f @ ChOICE SEL FOIr COWS .......ccviiiiiiiieie ettt sr e e 201
Figure 13: Borana cows, conserved on an Ethiopian governmental ranch............c.ccocoovieicicvnc s, 201
Figure 14: Borana bulls (OB type) With PIOUGNS..........coviiiiiiiies e 202
Figure 15: Borana CoW (EB TYPE) .....cviuiiiiiiiiiiiieiee ettt ettt sttt ar e 202
Figure 16: A good example for a breed falsely dubbed Borana.............ccoooiiiiiiiiiiiiieceee e 203
Figure 17: A herd of very heterogeneous animals (SEAZ and OB)..........cccccevveieiinenenene e 203

Figure 18: An example for an improved Borana bull; used as breeding bull on a South African
COMMETCIAL FANCR ...ttt bbbttt et s bbb ntenes 204

Xi



Abbreviations and Acronyms

Acronym
AnGRs
ASC
CBD
CE
CGRFA
COS
cov
CR

CS

CV
CVM
DAD-IS
DAGRIS
EB

ED

ES

EV
FAnGs
FAO
GM
GMA
HH
HHH
ITA

11D
ILRI
IUCN

v
KARI

KSH

Definition

Animal genetic resources

Alternative specific constant

Convention On Biological Diversity

Choice experiment

Commission of Genetic Resources for Food and Agriculture
Compensating surplus

Compensating variation

Choice ranking

Consumer’s surplus

Contingent valuation

Contingent valuation method

Domestic Animal Diversity Information System
Domestic Animal Genetic Resources Information System
Ethiopian Borana

Experimental design

Equivalent surplus

Equivalent variation

Farm animal genetic resources

Food and Agriculture Organization of the United Nations
Gross margin

Gross margin analysis

Household

Head of household

Independence from irrelevant alternatives

Independently and identically distributes

International Livestock Research Institute

International Union for Conservation of Nature and Natural Resources =
World Conservation Union

Inclusive value

Kenyan Agricultural Research Institute

Kenyan Borana

Kenyan Shillings

Xii



LL (LK)
LU
MLE
MNL
MXL

OB

oC
OECD
PA
QTL
RUM
SB
SEAZ
SPSS
SRS
SORDU
TEV
UN
UNEP
WFP
WTA
WTP
WWL-DAD

Lok-likelihood

Livestock unit

Maximum likelihood estimation

Multinomial logit

Mixed logit model

Number of observations

Orma Borana

Opportunity costs

Organization of Economic Cooperation Development
Peasant association

Quantitative trait loci

Random utility model

Somali Borana

Small East African Zebu

Statistical Package for the Social Sciences
Simple random sampling

The Southern Rangelands Development Project
Total economic value

United Nations

United Nations Environmental Programme
World Food Programme of the United Nations
Willingness to accept

Willingness to pay

World Watch List for Domestic Animal Diversity

xiil



CHAPTER ONE

General Introduction



1. General Introduction

This work focuses on livestock biodiversity and is in particular concerned with the economic
aspects of conservation initiatives for animal genetic resources (AnGRs). Cattle and more
precisely the Borana breed in East Africa were selected as case study. This introductory
chapter clarifies the motivation for this study, which is driven, on the one hand, by the
immense importance of livestock and particularly local cattle breeds in marginal areas and

production systems and, on the other hand, by the increasing threat they have to face.

1.1. Importance of livestock in developing countries

Livestock has always contributed to the satisfaction of many needs, dating back as far as the
primeval age (Blackburn, 1998) with domestication having started during the Mesolithic
period around 8000-7000 BC (Zeuner, 1963). Unlike in developed countries, where the
dependence on livestock decreased mainly due to industrialisation, livestock still serves as a
vital tool for the majority of the population in developing countries. Around 2 billion people
in developing countries depend at least partly on farm animals for their livelihood (FAO,
2000). Domestic farm animals not only provide 30 to 40 percent of the agricultural sector’s
global economic value, (in sub-Saharan Africa even almost 50 percent (Winrock
International, 1992)), but also grant many direct and indirect benefits to the rural population.
First of all, livestock serves as a reliable opportunity for agricultural intensification to cater
for the food requirements of a population which, particularly in developing countries, is
accelerating at a fast rate’ (Delgado et al., 1999). Farm animals are important sources
particularly for protein which is needed in daily dietary requirements. Secondly, livestock has
many non-food functions such as the provision of manure (for cooking, building and as
fertilizer), hides, transportation and most importantly draught power. Only the use of
livestock and its draught power enable the cultivation of large and inaccessible areas and
compensate for the lacking availability of modern agricultural machineries (Blackburn, 1998).
The latter fact clearly highlights the importance of the livestock’s draught power particularly
for Sub-Saharan countries where 54 percent of the land is classified as either arid or semiarid
(Jahnke, 1982). Besides these direct food and non-food benefits, livestock contributes to
social and traditional structures, even forming the root of many societies’ cultural identity.

Finally, livestock provides capital stock with insurance functions. Small stock (e.g. goats and

' The changes in dietary patterns and the hence growing demand for meat, milk and eggs result from increasing urbanisation
and rising income and has been predicted to become 63 percent greater in 2020 than in it was in 1993, with a 88 percent

increase in less-developed countries (Delgado, 2000; CAST, 1999).



sheep) is believed to serve as “cash money” whereas big stock such as cattle and camels
usually stay in stock as insurance, buffering against climatic and market risks, and are only
sold in emergency cases. Particularly in rural areas is livestock an important year-round
source of cash, and is thus crucial for the purchase of consumer goods and procurement of

farm inputs (Rege and Gibson, 2003).

Cattle make a very large number of important contributions to food and agriculture and are
considered the most important species among livestock with particular importance in the
lowland areas of African countries where pastoral systems have prevailed for many centuries.
On the whole, cattle provide nearly 30 percent of the world’s meat and approximately 90
percent of the world’s milk production (FAO, 2000, p. 9) comes from cattle and buffaloes.
The bigger number of heads of cattle is kept in developing countries, namely about 70 percent
of the worldwide cattle population (ILRI, 2000). Ethiopia is home to the largest cattle
population in East Africa with app. 29.5 million heads which represents almost 30 percent of
the total population of cattle in East Africa of roughly 90 million heads (ILRI, 2000). In
Kenya, roughly 12.5 million cattle are kept (as a comparison, it has been estimated that there
are 1.3 billion cattle worldwide) (ILRI, 2000; ILRI, 2006a; FAO, 2004). The husbandry of
Borana cattle in Kenya and Ethiopia is strongly linked to the nomadic production system
and lifestyle that is only feasible due to Borana cattle breeding. This mutually
interdependency between the traditional lifestyle and animals highlights the importance of

Borana cattle production in the research area.

1.2. Degradation of AnGRs

However, despite these various benefits, livestock populations are facing many threats
causing erosion in, and finally irreversible loss of their genetic resources. According to FAO
(1999), 16 percent of farm animal breeds have been lost since the turn of the last century and
a further 30 percent are currently at risk of becoming extinct, with the rate of extinction
continuously accelerating (Hall and Ruane, 1993). Nevertheless, missing data hampers a
reliable classification of many local breeds and thus many breeds are declared as being “not at
risk” only due to the fact that data is not available. This also holds true for the Borana cattle
breed in east Africa, which has formally not been declared as being endangered. Nevertheless,
the data upon which this classification was decided is not reliable and hence more research is
necessary. In developing countries, where livestock production is characterised by the
absence of herdbooks, conservation initiatives rather aim to ensure purity of breeding
animals because even if a breed (like the Borana cattle) is not classified as endangered, there

are various threats to the purity of these animals resulting in genetic erosion.



The extinction share for cattle lies at an alarmingly 22 percent (Rege, 1999a) for those that
have gone extinct in the last 100 years and 27 percent for the remainder at various degrees of
risk. From these extinct breeds 70 percent are in developing countries (Rege and Gibson,
2003). Particularly low-yielding indigenous livestock breeds are in jeopardy of becoming
extinct as a result of changing production systems and market structures (Koehler-
Rollefson, 2000) with the trend going towards increased intensification and industrialisation
of production systems based on uniform genetic resources. These changes in production
systems have manifold effects on AnGRs, such as a general decline in livestock numbers
when switching to crop-production as a main means of income generation or the replacement
of one species by another. Genetic dilution or eradication of genetic material of local breeds
through the use of exotic germplasm’ (Rege and Gibson, 2003) or through the interbreeding
with other local breeds is also to a large degree due to changing production systems. Artificial
insemination (Al) services are often free of charge and provide local farmers access to exotic
genotypes at lower cost than would apply for Al of local breeds, if it was available (FAO,
2000, pp. 556). The use of Al is often linked with governments promoting large-scale
entrepreneurs and crossbreeding with exotic breeds. Breeds that are of major significance to
the poor are largely ignored by the government and often do not receive support for
improvement programs (Koehler-Rollefson, 2000). Market forces and adverse governmental
support encourage farmers to abandon unprofitable breeds in favour of more economically
attractive alternatives. Hence, some breeds will no longer be the most profitable choice by
farmers. Adverse policies in restocking measurements with inferior Highland breeds after
droughts also contribute to further genetic dilution of the Borana and to the general

suppression of Borana animals.

Other factors that eventually lead to dwindling AnGRs are population pressure and
declining availability of pasture which necessarily comes along with it (again forcing
livestock-keepers to change their production systems). Frequently recurring droughts and
cultural clashes with looting of cattle can cause losses in local cattle breeds and precious
genetic resources as well, and, not only in the case of the Borana breed, but also with respect
to other local breeds and other species falling victim to droughts or other natural disasters.
Despite these facts, until now biodiversity is frequently linked to plant diversity and wildlife

diversity, leaving out the issue of farm animal (genetic) diversity. The gene pool in AnGRs is

* One example of exotic germplasm would be the import of reproduction sires of breeds used for meat purpose and then being
interbred with cows of local breeds. That example happened with Hereford bulls that were imported and then interbreed with
Borana cows in Central Kenya. Another example would be the import of North American Holstein Friesian cows for milk

production often having replaced other local dairy breeds entirely.



much smaller than in crops (Rege and Gibson, 2003) and thus erosion in AnGRs is much

more Serious.

A loss in animal genetic diversity in traditional breeds’ will, of course, weaken the chances of
future generations to respond adequately to increasing food demand, potential environmental
changes, diseases, and other challenges and catastrophes we cannot foresee (Koehler-
Rollefson, 2002) Conserving AnGRs can therefore be regarded as a “massive past investment
which, if managed appropriately, can provide insurance against unknown global future”
(Rege and Gibson, 2003, p. 322) because these AnGRs contain the genetic potential for
“new” or “improved” breeds tolerant or resistant to biotic and abiotic stress factors. Hence,
diversity in AnGRs constitutes an essential aspect of sustainable animal production and
food security for the growing world population (Drucker et al., 2001; Koechler-Rollefson,
2002). Lastly, the maintenance of diversity in AnGRs fosters global biodiversity (Rege and
Gibson, 2003).

1.3. Importance of conserving biodiversity in cattle breeds

In 1992 the United Nations passed the “Convention on Biological Diversity” (CBD) (CBD,
1992), delivering the platform for international strategies, plans and programs for the
conservation and sustainable use of biological diversity’. The CBD was a first step in
recognising the immense significance of global biodiversity and its endangered state. A
further important step was the recognition of AnGRs by the Commission on Genetic
Resources for Food and Agriculture (CGRFA)' in 1997. However, many developed countries
are still neglecting this threat and have contributed to a massive decline in the number of

species used nowadays for agricultural production.

There are only slightly more than 40 domestic livestock species commonly used in farming
systems (Barker, 1999; FAO, 2000, p. 7). They are the source of 30 to 40 percent of the total
value of food and agriculture production. Globally, domestic AnGRs constitutes 30 percent of
total human requirements for food and agricultural production (FAO, 1999). Only 14 of these
40 domesticated species contribute to 82 percent of the world’s food and agriculture
production with a large range of species in the family Bovinae as major food suppliers

(Barker, 1999; FAO, 2000). These figures reveal a clear discrepancy in production yields

3

Traditional breeds are also referred to as local, indigenous or “old” breeds. The meaning is the same in all cases.
4

Biological diversity is often simply referred to as biodiversity.

" In the 7" Session of the CGRFA in May 1997, a subsidiary Intergovernmental Technical Working Group on Animal
Genetic Resources (ITWG-AnGR) was established to address issues relevant to the conservation and sustainable use of

AnGRs for food and agriculture (CGRFA, 2004).



within domesticated species. Over the last 12,000 years these 14 species have been
domesticated and have evolved into separate and genetically unique breeds adapted to their
local environments and community requirements. There are some 6 000 to 7 000 domestic
breeds remaining. These breeds and the species they represent, together with approximately
80 species of wild relatives, comprise the world’s AnGRs’ important for food and agriculture

(FAO, 2000, p. 22) and this diversity should be preserved.

Along with the potential economic use in the future, the reasons for conserving diversity in
AnGRs are manifold, including scientific use and cultural interests (FAO, 1999). Local
cattle breeds kept in pastoral systems also contribute to environmental and landscape
benefits. These cattle are sometimes the only live animals that can make use of the harsh and
meagre system of the deserted East African lowlands. Without cattle these landscapes would
be completely abandoned. In areas where crop production is feasible to a small extent, AnGRs
are vital to the economic development because of their important role in the subsistence of

many communities and the sustainability of crop-livestock systems.

A further reason for protecting local and sometimes unprofitable cattle breeds is that they
reflect a traditional way of life that a culture wishes to keep intact and often form the basis of
society’s traditional systems. Domestic cattle diversity is mainly the result of “natural” in-
situ’ conservation, in which communities of livestock-keepers manage their AnGRs according
to their own preferences and needs (Anderson, 2003). Traditional breeds were thus developed
over time in traditional societies without herd books and “scientific” (at least in the Western
sense) interventions (Koehler-Rollefson, 2002) but by relying on livestock-keepers’
indigenous knowledge in terms of breeding strategies and production systems. The purpose
of domestication and selection by humankind, eventually resulting in certain new breeds in
response to environmental change, disease threats, consumer demand, changing market
conditions and societal needs, was to ensure the sustainability of human communities (FAO,

2000). A loss in AnGRs diversity would halter these benefits of centuries of domestication.

There are also many breeds which may be conserved for their aesthetic value and a final

motivation for maintaining unprofitable and rare AnGR is existence value, i.e. some people

The term AnGRs includes all animal species, breeds and strains that are of economic, scientific and cultural interest to

humankind for the purpose of food and agricultural production (Rege and Gibson, 2003).

" In-situ (in the field of AnGRs also referred to as “on-farm”) conservation is defined by the Convention On Biological
Diversity (CBD) as the conservation of ecosystems and natural habitats, and the maintenance and recovery of viable
populations of species in their natural surroundings where they have developed their distinctive properties (CBD, 1992).
There are basically two different types of conservation approaches, namely in-situ and ex-situ conservation. Both methods

are detailed in Chapter 2.1.



may want to keep examples of domesticated breeds simply for their own sake. That is, they
may be interested in the breeds as historical anomalies or because of aesthetic considerations

such as beauty or toughness (Mendelsohn, 2003).

1.3.1. Why value animal genetic resources?

Environmental valuation techniques can provide useful evidence to support and justify
conservation policies by quantifying the economic value associated with the protection of
biological resources. Pearce (2001) argues that the measurement of the economic value of
biodiversity is a fundamental step in conserving this resource since “the pressures to reduce
biodiversity are so large that the chances that we will introduce incentives for the protection
of biodiversity without demonstrating the economic value of biodiversity are much less than
if we do engage in valuation”. Rege (1999b) pointed out that the need to value the economic
diversity of AnGRs to justify their conservation and to guide policy makers in finding
optimal conservation strategies. These strategies eventually allow benefit sharing aiming at
the question of “who bears the costs, who obtains the benefits of conserving AnGRs?”” (Rege,
1999b). Coming up with “fair” monetary values for cattle breeds might also guide policy-
makers in drought periods. The most recent drought that occurred from December 2005 to
April/May 2006 in East Africa and to which 80 percent of the animals fell prey, has shown

that there is high demand and prospect for sound conservation and restocking management.

Assigning monetary values to biodiversity is thus important since it allows the benefits
associated with biodiversity to be directly compared with the economic value of alternative
resource use options (Nunes and van den Bergh, 2001). The Organisation for Economic Co-
operation and Development (OECD, 2002) also recognises the importance of measuring the
economic value of biodiversity and identifies a wide range of uses for such values, including
demonstrating the value of biodiversity, in targeting biodiversity protection within scarce
budgets, and in determining damages for loss of biodiversity in liability regimes. The absence
of an economic value for biodiversity means that conservation initiatives fail to compete in
policy decisions and in fund raising issues. Economic valuation of farm AnGRs can
counteract the missing awareness towards the conservation of farm AnGRs in terms of its

existence and bequest values and eventually match up to wildlife conservation.

The objective of assessing the various values under different perspectives is twofold: first of
all, to provide justification for conserving the Borana breed and its subtypes, and secondly,
to provide better understanding of their breeding value. The genetic erosion of a breed may

justify conservation efforts, even if the breed in question is not yet recognised as being



endangered (due to the absence of reliable data), as its loss reduces livestock-keepers’ options
to maintain sustainable livelihoods and threatens the global diversity of farm AnGRs. The
latter occurs when livestock-keepers react to market incentives by moving to more
profitable breeds (often exotic breeds and there admixtures) in order to avoid being left
economically worse off. With particular focus on the research area and the conservation of the
Borana cattle breed, maintaining the culture must be economically feasible for the Borana
clans and, hence, incentives and compensation payments might be required which ,in the end,
would facilitate the diversification of livestock-keepers’ income and, primarily, constitute an
additional source of income. Economic evaluation facilitates determining the amount of
compensation payments that would be possibly needed as additional income for the livestock-

keepers (see Chapter 6).

Very few reliable comparisons of local and exotic breeds have been undertaken in developing
countries. Economic potential cannot be measured by looking simply at performance. Rare or
endangered breeds are often highly adapted and their performance should be measured
comparatively within their own environmental conditions and not with animals kept in
intensive production systems. Therefore, economic valuation should also aim at non-market
values (that can be cultural aspects, use of manure etc.) which can be quite diverse and are
usually greater for local breeds than for exotic high-yielding breeds. Livestock markets in
developing countries are often characterised by market failures and hence the “real” values
of many breeds are not reflected on the markets but are underestimated. Livestock-keepers
living in the research area are characterised by extreme poverty and, even if the demand for
the pure Borana breed is very high, people simply cannot afford to purchase them and so

switch to cheaper cattle breeds.

While the CBD stresses the role of concerted global action, the reality is that global action is
only the sum total of actions taken within nation states hosting biodiversity (OECD, 2002).
Individual states and regions within states face conflicting priorities in the selection of
development paths but valuation on the national level facilitates overcoming this problem. All
societies depend on biodiversity and biological resources either directly or indirectly. Their
value, however, is predominantly implicit rather than explicit (OECD, 2002). For biodiversity
and many biological resources the absence of apparent value combined with absent or poorly
defined property rights creates a problem of over exploitation and unregulated use.
Biodiversity conservation is often a low priority simply because there are measurement and
valuation problems: biodiversity defies easy description and quantification. What cannot be

quantified or is difficult to monitor and evaluate is easy to disregard (OECD, 2002).



1.4. Objectives and outline of the study

This study aims at contributing to decision making in conservation initiatives for AnGRs and
in particular for the Borana cattle breed in Kenya and Ethiopia. The study is further intended
to enhance an understanding of two crucial questions that have to be pursued when defining
conservation initiatives for AnGRs: the question of “what” to conserve and the question of
“how” the conservation should be carried out. The first question relates to the breed or
subtype of breed that should receive priority in conservation, as the competition for scarce
funds is tight and not all breeds can be maintained at the same level, if at all (Pearce and
Moran, 1994; Cicia et al., 2003). What cattle breeds/subtypes should be given the highest
priority depends on what utility they supply to local livestock-keepers (i.e. on their economic

values), as well as on their genetic values.

The second question seeks to clarify how the maximal conservation priority can be conserved
in the most cost-efficient way. It is widely accepted that in-sifu conservation is the only
reasonable strategy and that maintaining the productions systems where pastoralists and
small- scale farmers manage these animals is the most promising way to conserve AnGRs
(Hall and Ruane, 1993; League for Pastoral Peoples, 2002). At any rate, details on how in-situ
conservation should look like have hitherto only been developed on the surface (e.g. how
many animals are required for conservation, which should be the sex ratio, which livestock-
keepers should participate, etc.). This study seeks to clarify some of the driving factors,
eventually deciding about the success of applied conservation strategies and thereby placing

great emphasis on opportunity costs (OC) of maintaining AnGRs.

It has to be understood that while this study deals with farm animal genetic resources
(FAnGRs), its is concerned with the loss of within breed diversity due to genetic dilution
rather than the loss in the number of animals/populations per se. Particularly with regard to
the Borana breed, it can be stated that this breed is still quite numerous but its unique genetic

make-up is in serious jeopardy.

Finally, the overall value of Borana as a combined measure of genetic and economic value is
issued, using the Metrick-Weitzman approach. Genetic parameters such as extinction
probability and “pureness of Borana genes” are taken into account whereas the economic
values are derived from willingness to pay (WTP) indicators resulting from a conducted

choice experiment (CE).



To summarise, this study focuses on the following objectives:

. Recognising threats to the survival of the Borana breed.

. Classifying the distribution of Borana and its subtypes in the research area.

. Classifying values of Borana cattle that might be important for individuals and the
society

. Identifying cattle attributes that livestock-keepers particularly associate with the

Borana breed.

. Revealing livestock-keepers’ WTP for these attributes.

. Identifying heterogeneity in livestock-keepers’ socio-economic characteristics with
respect to their preferences about cattle attributes, and thereby

. Differentiating among types of livestock-keepers for determining potential participants
who can be best targeted for conservation initiatives.

. Inferring from the evaluation of attributes to the evaluation of entire breeds and of
different Borana subtypes, and thereby

. Revealing relative differences in the values of these Borana subtypes to local
livestock-keepers.

. Determining the OC of substituting various cattle breeds by the Ethiopia Borana
subtype as a measure of compensation costs.

. Developing a ranking scheme for conservation priority among Borana subtypes.

. Sketching conservation programmes for Borana cattle based on the available results.

The study is structured in six main chapters. Following Chapter 1, which outlines the general
introduction, is Chapter 2, which discusses the conceptual framework for evaluating AnGRs.
In addition, it gives some background about the concepts of conservation strategies, on
methods for the evaluation of environmental goods in general as well as on literature hitherto
emerged in the context of assessing genetic resources. The framework further highlights the
use of discrete choice analysis for assessing cattle attributes and welfare indicators that can be
derived from this analysis. Chapter 3 introduces the Borana society and its cattle, including
some genetic aspects of the unique Borana breed and the special threat this breed is facing in
Kenya and Ethiopia. Chapter 4 provides an overview of the study area, data collection
procedures and the design procedure for the CE. Chapter 5 presents the results of the CE,
WTP estimates for certain cattle attributes and eventually for “whole breeds”, and the
presence and magnitude of taste variation among different groups of livestock-keepers.
Chapter 6 comprises an OC analysis for conserving AnGRs by elaborating the question of

the substitutability of various breeds/subtypes of cattle. In addition, the feasibility of applying



marginal cost analysis for estimating costs of conserving AnGRs are discussed in this chapter.
In Chapter 7, a ranking scheme for the Borana subtypes is detailed, combining various
valuable aspects of cattle breeds such as genetic and economic values. It also gives an
overview of livestock-keepers’ attitudes towards breeding and conservation issues which can
be enlisted for deciding which group of people is best suited (in terms of most willingly) to
maintain the breed/subtype in question in-situ. Finally, Chapter 8 provides a number of
conclusions and highlights policy implications for the conservation of AnGRs in general and

the Borana cattle breed in particular.
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CHAPTER TWO

Theoretical framework of the valuation of AnGRs



2. Theoretical framework of the valuation of AnGRs

First of all, this chapter provides background on conservation classification systems
functioning as a rough guideline towards which farm animal species are vulnerable and hence
should be conserved, and which are not endangered. Secondly, available strategies for
conserving farm animals are detailed. Thirdly, welfare measures that can be derived from
results given by the applied models will be detailed. This chapter introduces those concepts of
evaluation of public goods that are important for the underlying study. That includes stated
preference methods such as CEs based on a basic multinomial logit (MNL) model and a
modification of it, the mixed logit (MXL) model. The analysts’ limitations, of which they
should be aware regarding the ability to receive decent results and to make sound
interpretations of the outputs, are also explained. Finally the chapter looks at the

specifications of the contingent valuation method.

2.1. Background on conservation theory

This chapter gives an overview of the theory behind classification systems defining the degree
of endangerment of species or breeds on the one hand and of available conservation strategies

on the other hand.

2.1.1. Conservation classification systems

Two classification systems have been developed and commonly used for defining the risk
status of domestic animals: one by the FAO (1998) and UNEP and the other by IUCN
(1980). The classification system by the IUCN is based on threatened wild species categories
and differs slightly from the FAO definitions of risk for domestic animals as outlined below.
The underlying theory for Borana cattle is based on the FAO/UNEP classification and hence,

the TUCN classification system’ will not be discussed further at this point.

The FAO/UNEP classification system (FAO, 1998) consists of seven categories: extinct,
critical, critical-maintained, endangered, endangered-maintained, not at risk and unknown.
The breeds are categorised according to different criteria such as overall population size,
number of breeding females, the number of breeding males, the percentage of females bred to

males of the same breed and the trend in population size. Further consideration is given to

* The IUCN system assigns species to a category indicating the degree of threat. These categories are: extinct, endangered,
vulnerable, rare, indeterminate, insufficiently known, threatened and commercially threatened (IUCN, 1980). These

categories were initially developed for wild species but could be adopted for domesticated farm animals as well.
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whether active conservation programmes are actually being carried out for critical or

endangered populations.

A breed is categorised as extinct if it is no longer possible to recreate the breed population.
This situation becomes non-reversible when there are no breeding males or breeding females
left. In reality extinction may be realized well before the loss of the last animal, gamete or

embryo (FAO, 1999).

A breed is in critical condition if either the total number of breeding females is less than or
equal to 100 or the total number of breeding males is less than or equal to five; or if the
overall population size is less than or equal to 120 and decreasing and the percentage of

females being bred to males of the same breed is below 80 percent.

A breed is classified as endangered if one of the four options holds: either the total number
of breeding females is greater than 100 and less than or equal to 1000, or secondly, the total
number of breeding males is less than or equal to 20 and greater than five, or thirdly the
overall population size is greater than 80 and less than 100 and increasing and the percentage
of females being bred to males of the same breed is above 80 percent, or finally the overall
population size is greater than 1000 and less than or equal to 1200 decreasing and the
percentage of females being bred to males of the same breed is below 80 percent. Within this
category, breeds may be further categorized as critical-maintained or endangered-maintained.
These categories identify critical or endangered populations for which active conservation
programmes are in place or populations are maintained by commercial companies or research

institutions.

A breed is referred to as not at risk if none of the above definitions apply and in case the total
number of breeding females and males are greater than 1000 and 20, respectively, or if the

population size is greater than 1200, and the overall population size is increasing.

Based on this classification scheme, the World Watch List for domestic animal diversity was
initiated. The recent 3™ edition of the World Watch List for Domestic Animal Diversity
(WWL-DAD:3) has been largely based on the Global Databank for Farm Animal Genetic
Resources, the Domestic Animal Diversity Information System (DAD-IS) which has been

developed and maintained by FAO.
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2.1.2. Conservations strategies

Conservation in general is the management of human use of the biosphere so that it may yield
the greatest sustainable benefit to present generations while maintaining its potential to meet
the needs and aspirations of future generations (IUCN, 1980). The conservation of FAnGRs
refers to all human activities including strategies, plans, policies, and actions undertaken to
ensure that the diversity of FAnGRs is maintained to contribute to food and agricultural
production and productivity, now and in the future. Having ratified the Convention on
Biological Diversity, it is the sovereign prerogative of countries to launch national strategies

for the conservation of AnGRs at risk (FAO, 2000, p. 24).

Conservation techniques can be divided into in-vivo and in-vitro conservation. In-vivo
conservation focuses on live animals and is further divided into in-situ and ex-situ
conservation (Simianer, 2005a). In-situ (also referred to as “on-farm”) conservation is
defined by the CBD as the conservation of ecosystems and natural habitats, and the
maintenance and recovery of viable populations of species in their natural surroundings where
they have developed their distinctive properties (CBD, 1992). In other words, in-situ
conservation is the maintenance of live populations of animals in their adaptive environment
or as close to it as is practically possible. EX-Situ preservation involves the conservation of
live animals in a situation removed from their normal habitat or production system, such as in
zoos or herds kept in natural protected areas or experimental/research farms (Gandini and
Oldenbroek, 1999). However in-situ and ex-situ approaches are not considered mutually
exclusive but can also be used complementarily (Henson, 1992). In-vitro conservation refers
to cryoconservation of genetic material including haploid cells (semen, oocytes), diploid
cells (in-vivo and in-vitro embryos, somatic cells) and DNA. It is widely accepted that in the
case of conserving AnGRs, in-situ conservation is most beneficial from many points of view
(e.g. Hall and Ruane, 1993; League for Pastoral Peoples, 2002). This is because in-situ
conservation enables populations to adapt to changing environmental conditions and endemic
diseases, and thus increases the probability that their genes might be valuable for utilization,
in other countries and also in the future. The maintenance of live herds allows for selection
and improvement of populations for future needs within the constraints of a changing
environment. Furthermore, in-situ conservation can be embedded into a community-based
conservation approach and is hence most likely to benefit the local livestock-keepers. In case
of ex-situ conservation, a benefit flow from the involved institutions or the government to the
farmers is difficult to achieve and farmers’ rights would most likely be left unconsidered.

Other key advantages of in-situ conservation are firstly, that it does not require much

13



advanced technology as it is often based on indigenous knowledge, secondly, that the animals
still contribute to daily income and food supply, and thirdly, that it ensures financial
commitments and hence improves the livelihood of livestock-keepers’ communities
associated with the breeds targeted for conservation. Nevertheless, some scientists argue that
the apparent advantage that a live population genetically adapts to changing conditions is
often overemphasized, since genetic change due to natural selection is not expected to be very

large in only a few generations (Simianer, 2005a).

The major disadvantages of in-sifu conservation are brought about by a lack of complete
control over the many factors which influence the survival of individuals and therefore the
genetic makeup of the conserved population. In-situ conservation projects require land and
people which might be limited resources in some regions of the world. Continuation of all
conservation projects is dependent upon unpredictable financial and political situations
particularly if they are government or institutionally determined. /n-situ conservation incurs
the possible threat of disease eliminating whole or substantial parts of a conserved population,
particularly if the conserved herd is in a single or only a few linked locations. Diseases may
also act as a major selection pressure within a population, and may substantially change its
characteristics. In-situ conservation causes social and private OC of maintaining indigenous
breeds instead of adopting modern breeds with higher productivity and hence higher food

production etc.

Performing of cryoconservation is most commonly done by using gene banks. The main
advantage of gene banks is that they require little space and few trained technicians. A very
large number of frozen animals from a large number of populations can be stored in a single
facility. Another benefit of cryoconservation, noticeably contradictory to the advantage of
organisms to continuously adapt to the environment when conserved in-situ, is that unlike in-
vivo methods, cryogenically preserved populations suffer no genetic loss due to selection,
genetic drift or inbreeding (Simianer, 2005a).Furthermore, frozen AnGRs are said to be easily
able to be made available to livestock breeding and research programmes throughout the

world.

The principle disadvantages of cryogenic lie in the limited availability of the necessary
technology and limited access to the frozen populations. Besides which, cryogenic stores have
no value with respect to financial income unless material can be sold for research and
development. They do not produce food or other agricultural commodities and might
therefore be deemed to be expensive luxuries in periods of financial austerity. The cryogenic

method is less effective in the conservation of “breeds” where the relative frequency of genes
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is important. It is only ideal for the preservation of defined ‘genes’ or recognized
characteristics. There is a potential danger in cryogenic storage of large scale loss of material
due to possible serious accidents. This could be as a result of human error, power failure, loss
of liquid nitrogen, fire, flood, storm, earthquake or war. Such risks can be reduced by keeping
duplicate stores in different regions but this still remains a serious concern. Cryogenically
preserved populations are not able to adapt through gradual selection, to changes in the
climate or disease background of the local or global environment. Finally, it is said that in-
vitro storage through cryoconservation is possible for many, but not all, of the important

animal livestock species in the long run.

Growing recognition of the roles and values of AnGRs over the past couple of decades has led
to the initiation of conservation efforts. Many countries have attempted, or are attempting, to
conserve some of their most important breeds using both in-vivo and in-vitro conservation
methods. Nevertheless, conservation efforts for AnGRs lag far behind conservation efforts for

plant genetic resources (FAO, 2000, p. 24).

2.2. Economic evaluation of AnGRs

This section revises background and definitions on the broad topic of environmental
evaluation in an economical way (i.e. value is seen as an equivalent in money, compared to
ecological value that is often expressed as intrinsic value’) and aims to classify the values of

AnGRs that might exist and that can be the scope for evaluation.

The use of AnGRs is characterised by a high degree of ‘non-rivalry’ and ‘non-excludability’
and hence fits the premise of a pure public good (Romano, 1999) whose evaluation
techniques are gleaned from environmental evaluation techniques. However, AnGRs can only
be conserved by maintaining particular animals containing desired genes for conservation. In
the light of this study, AnGRs should be conserved by conserving Borana cattle that are the
private property of local livestock-keepers on the Borana plateau in northern Kenya and
southern Ethiopia. Cattle, unlike AnGRs per se can be assigned to common resources (=rival
in its use but not excludable). Due to the communal use of grazing areas on the Borana
plateau it is not feasible to exclude others from benefiting from the genetic resource of Borana

animals.

Intrinsic value constitutes an environmental good’s or service’s value that is not derived from its utility but that is valuable
‘in” and ‘for’ itself. In contrast, something has instrumental value if it is valued as a means to some other purpose, i.e. its

value lies in the contribution to some other goal (Freeman, 2003, p. 6).
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2.2.1. The total economic value of cattle

Bearing in mind that it is not the AnGR as a public good per se that should be conserved but
cattle, the economic evaluation should focus on the values cattle might have in their private

function to local livestock-keepers who bear benefits or detriments from their use.

The total economic value (TEV) concept is an important component of economic valuation
(Pearce et al., 2002). The net sum of all the relevant values of WTP and willingness to accept
(WTA) defines the TEV as any change in well-being due to a policy or project. A
classification of TEV is depicted in Figure 1. The concept of WTP and WTA as indicators for
a change in the TEV are essential in light of this study and the question of the most
appropriate indicator will be detailed in Chapter 2.3.

Figure 1: Total economic value of cattle (source: Bateman et al., 2003, Chapter 1.7)

Total economic value

Use value MNon-use value
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TEV is usually divided into use and non-use (or passive use) values. Use values relate to
actual use of the goods in question (e.g. in terms of cattle such as milk yield or manure use),
planned use or possible use in the future. Due to the already mentioned link between AnGRs
as a public good and the private character of cattle containing the genetic resources, the use-
values have a great relevance for the evaluation of cattle. Cattle breeds, like the Borana,
should be conserved community-based and therefore the internal rather than the external”
effects are of high importance. The types of non-use value can be manifold but are

conveniently classified into existence value, altruistic value, and bequest value (see Bateman

0o . . . . . . .
Positive externalities might, for instance, occur from the future use of genetic material and the insurance function of a

conserved gene-pool for breeders and scientists world-wide.
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et al., 2003, Chapter 7; OECD, 2002, Chapter 6.3). Non-use values of cattle can be derived by

simply knowing and enjoying the existence of a particular breed.

Different techniques, as explained in the subsequent chapter, will be applied for only eliciting

internal use-values of Boran cattle and for eliciting the entire TEV of cattle.

2.2.2. Economic valuation techniques

According to OECD (2002, Chapter 7) the available tools for evaluating the TEV by eliciting
prices of multi-attributed public and environmental goods can be roughly divided into two

classes: stated preference method and revealed preference method.

In principle, defining the appropriate method for measuring values depends on the source of
the data (Mitchell and Carson, 1989, pp. 74-87). In case of revealed preference methods,
the data is derived from observations of individuals acting in real-world settings where they
also bear the consequences of their choices. In stated preference methods individuals respond
to hypothetical questions (Freeman, 2003, p. 23). Revealed preference methods are further
based on actual behaviour reflecting utility maximisation subject to constraints. They use
market prices which in some way reflect the value of the public good but where prices are
‘revealed’ in some other commodity markets. Because of the fact that most of the
environmental and public goods are not traded in the market, and hence do not have an
offering price, as it is the case of AnGRs and some types of the Borana breed, the value of the
good must be inferred through the application of models that reflect the relationship between
market commodities and the environmental/public goods (Freeman, 2003, Chapter 1). To this
category of methods belong hedonic pricing methods (HP), travel cost demand models (TCM)

and household production models.

In this study, due to market failures as consequences to the existence of externalities and the
common-resource character of cattle, the evaluation of the TEV of the Borana cattle is merely
derived from stated preference methods. Reasons for market failure in the research area lie,
for instance, in the use of middle-men and the oligopolistic behaviour by such intermediaries,
and in the low trading volumes and poor information regarding prices in other markets. Other
causes for market failure lie in the extreme poverty, asymmetric and imperfect information,
and simple non-availability of pure Borana cattle and some of its types on the markets. Single
functions (e.g. traction power), outputs (e.g. manure, milk for self-sufficiency) and services
(e.g. dowry, status of wealth) that come along with the keeping of cattle are also not traded in

the markets. The Ethiopian and Kenyan governments do not carry out actions that alleviate
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the market situations, such as providing the required infrastructure to open up markets" which
would enable the livestock-keepers to sell their animals at better prices as an incentive for
conservation. The link between lowland (where the Borana cattle originate from) livestock
production and markets from the highlands which have wealthier populations is very poor or
even completely absent (Reda, 2001). This leaves prices at existing local markets ranging at
the lowest end. These market failures lead to underestimated values of Borana genetic
material; applying a CE aims to find the “real” or “fair” value of Borana breeds and of their
genetic material. This genetic material has great value particularly with regard to unique
traits for which the Borana breed is known (e.g. the tolerance of ticks and of water shortage,
the exceptional body size and horn appearance). The market price does not do justice to

unique traits.

Stated preference methods draw their data from individuals’ responses to hypothetical settings
such as hypothetically created markets (Freeman, 2003, Chapter 6) where WTP estimates are,
for instance, derived from questionnaires. The two most common forms of these models” are
the contingent valuation (CV), on the one hand, in which respondents express directly their
WTP and thus the value they place on one good/service and CE" or choice ranking (CR"),
on the other hand. In CE cases, respondents are given a set of hypothetical alternatives, each
depicting a different situation with respect to some environmental or public good with its
attributes and are asked to select (CE) or to rank (CR) the alternatives according to their
preference. People are asked to make trade-offs among different alternatives, from which their

WTP can be statistically inferred (Smale et al., 2002).

Due to the private aspects of cattle and the importance of cattle to the local livestock-keepers,
the CE will only focus on the use-values of the TEV of cattle (see Figure 1). Only values for

certain attr