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Abstract

The objective of this doctoral thesis was to develop an appropriate and robust classification
methodology of the prevailing farming systems in south-western and central Tien Shan mountains
as well as to fill the gap of missing information on the socioeconomic status of farms by creating
a new farm typology. Another objective was to simulate the impact that Kyrgyzstan’s accession
to the EAEU (Eurasian Economic Union) may have on the income of identified smallholder farms.
Data were collected in two rural regions in the south-western and central parts of the country,
which we have conditionally divided because of the differences in agricultural production and
livelihoods due to the complex topography and climate. Thus, 220 farm-households in three
villages in the south-western study site and 235 farm households central Tien Shan study site were
surveyed. Quantitative farm level data on the organization and economic performance of
smallholder farms were collected in structured questionnaires. These data were assessed by two
multivariate methods to create robust farm typologies based on principal component analysis
(PCA) and cluster analysis. Then a t-test and analysis of variance were used to compare the means
of independent groups to determine whether there is statistical evidence that the respective
population means differ significantly. Since we conducted the analysis in two different
conventionally divided research regions separately, our analysis identified five distinct farming
systems throughout the study areas. In the south-western Tien Shan site, three distinct
silvopastoral farming systems were delineated based on classification variables associated with
sources of income and livelihood strategies in which farmers collection and selling of non-timber
forest products (NTFPs) was important, but also included: (i) relatively high NTFP income,
medium-size livestock herds, and low off-farm income; (ii) moderate NTFP income, large livestock
herds, and high off-farm income; and (iii) low NTFP income, small herds, and moderate off-farm
income. In central Tien Shan, two distinct mixed crop-livestock farming systems were identified
based on their socioeconomic and agroecological characteristics: (i) Jailoo-high (JH), high-
elevation mountain ranges between 2000-2400 m, based on fodder and livestock production and
characterised by a short pasturing period and low off-farm income; and (ii) Jailoo-mid-level (JM),
mid-elevation mountain ranges between 1500-2000 m, based on crop and livestock production
with comparatively longer pasturing periods and moderate off-farm income. Recommendations
to support agricultural development and sustainability in these farming systems are presented
based on technological advances and production. Specific recommendations are provided to

increase sustainability for each type of farm system. In general, improving the forage base for

Xi



livestock and improving grazing management in forests and pastures are relevant for all types to
conserve and sustainably use forests and pastures. In the case of silvopastoral groups, value-
added processing of NTFPs and contributions from off-farm activities, such as tourism, are
necessary. For crop-livestock farming systems, improvement of irrigation systems and more
advanced cultivation of fodder crops is necessary to reduce the pressure on pastures. Our
classification methodology has distinct advantages over traditional typologies based on farm size
and legal status because the latter does not consider diversity among size classes and do not
include agroecological conditions as well as the socio-economic status of the farms. These findings
can benefit policymakers and development practitioners in efforts to promote rural development
of mountain regions that will help alleviate current socio-economic disparities. This classification

approach can be adopted for application in similar mountain regions.

Keywords: Farming-systems economy, Central Asia, pasture degradation, silvopastoral

and agropastoral production, cluster analysis
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Abstract (Czech)

Cilem této disertacni prace bylo vytvorit vhodnou komplexni metodiku klasifikace zemédélskych
systému prevladajicich v jihozapadnim a centralnim pohofi Tien Shan v Kyrgyzstanu a poskytnout
komplexni socioekonomickou charakteristiku farem prostfednictvim nového pfistupu k jejich
typologii. Dalsim cilem bylo simulovat dopad, ktery mliZze mit vstup Kyrgyzstanu do Euroasijské
hospodafské unie, na prijmy identifikovanych typd farem. Vyzkum byl proveden ve dvou ruralnich
oblastech pohofi Tien Shanv jihozapadnim a stfednim Kyrgyzstanu, rozdilnych z pohledu struktury
zemédélské produkce a zplisobu obZivy v dusledku topografickych a klimatickych podminek. Data
byla ziskana dotaznikovym Setfenim na vzorku 220 domacnosti v jihozdpadni a 235 domacnosti v
centralni ¢asti pohori Tien Shan. Kvantitativni data vypovidajici o strukture a ekonomickych
aspektech farem byla ziskana prostfednictvim strukturovanych rozhovorl. Ziskana data byla
vyhodnocena dvéma vicerozmérnymi metodami s cilem vytvofit pro kaZzdou studovanou oblast
vhodnou typologii farem na zdkladé analyzy hlavnich komponent (PCA) a shlukové analyzy.
Nasledné, k porovnani pramérl nezavislych mnozin byly pouzity t-test a analyza rozptylu s cilem
zjistit, zda jsou rozdily v prdmérovanych datech mezi pfislusnymi populacemi statisticky prikazné.
Celkem bylo na zdkladé analyzy dat identifikovano pét typl zemédélskych systéma. Na zakladé
identifikovanych proménnych souvisejicich se zdroji pfijmd a strategiemi obZivy byly v
jihozapadnim Tien Shanu vydefinovany tfi odliSné silvopastoralni zemédélské systémy, v nichz ma
vyznamnou roli sbér a prodej nedrevnich lesnich produkt(i (NTFPs). Naproti tomu, ve stfednim
Tien-Sanu byly na zakladé socioekonomickych a agroekologickych charakteristik identifikovany
dva odlisné agropastoralni systémy charakteristické smiSenou rostlino-Zivoc¢isnou produkci. Na
zadkladé soucasného védeckého poznani a rozvoje modernich technologii zemédélské produkce
byla pro kazdy typ zemédélského systému navriena konkrétni doporuceni, kterd mohou prispét k
podpore rozvoje zemédélstvi a jeho udrzZitelnosti v horskych oblastech Kyrgyzstanu. Pro vSechny
identifikované typy zemédélskych systéml je zasadni zlepseni krmivové zakladny pro
hospodarska zvifata a zlepSeni managementu pastvy, coZz ma pozitivni vliv na ochranu a udrZitelné
vyuzivani lesnich a travnich ekosystém{. V pripadé silvopastoralnich systému je nezbytna podpora
zpracovani NTFPs na produkty s vyssi pfidanou hodnotou a podpora mimoprodukénich funkci
zemédélstvi a Cinnosti souvisejicich napf. s environmentalné udrzitelnou turistikou. V kontextu
agropastoralnich systéml je tfeba zlepsit hospodareni s vodou a podporu péstovani picnin, a tim
snizit soucasny nepfiméreny tlak na pastviny. Metodika klasifikace a typologie farem v rdmci této

prace prinasi vyrazné vyhody oproti tradi¢nim typologiim zaloZenym na rozloze a pravnim statusu
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farem. Tyto totiZz nezohledfuji rozlohovou rozmanitost ani agroekologické a socioekonomické
podminky farem. Tato prace tak mlzZe byt jednim z dlleZitych podkladd pro formulaci strategii

zemédélské politiky a rozvoje venkova v horskych oblastech Kyrgyzstanu i v jinych oblastech svéta.

Klicova slova: Ekonomika zemédélskych systémd, Stfedni Asie, degradace pastvin,

agropastoralni systémy, silvopastordlni systémy, horské ekosystémy, shlukovd analyza
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Abstract (Kyrgyz)

Byn [OKTOpAyK AauccepTauuAHbiH MaKcaTbl, TYWTYK-6aTbiw »KaHa 6opbopayk TaHb-LUaHb
TOONOPYHAA OKYM CYPreH [AblMKAHYbIIbIK CUCTEMANapbiHbIH - bIIAMbIKTYY *KaHa bGekem
KNnaccuPpuKaumanblK  METOAOJIOMMACBbIH  ULITEN 4bllyy, OLWOHAOM 3ne 4YapbaHblH KaHbl
TUMNONOTMACBIH Ty3Yyy apKblayy 4apbanapAblH CcouManablKk-3KOHOMMKaAAbIK abanbl 60lHYa
KeTuwnereH maanbiMatrapAbiH 60WTYryH ToATypyy 60nroH. arbl 6up makcaT — Kblprbi3cTaHAbIH
EBpa3smanbik dKOHOMUKanbIK Bupumaunrnde (EA3IB) Kupyycy, aHbiKTanraH maiigaa YapbanapabiH
KupellecmHe TUrn3e TypraH TaacMpuH cumynaumanoo. MaanbimaTrap, 6/1KeHYH TYLWTYK-6aTbiLw
¥aHa 6opbopayK benyKTepyHAerY KM aibla aliMarbiHaH YOryATYyAyN, anapabl 613 WapTTyy TYpAe
KepauH KaHa KAMMATTbIH TaTaandbirblHAH anbln  4Yapba OHAYPYWYHYH *KaHa awoo-
TUPUYUSIUTMHUH allbipMaYbl/ibirbiHa Kapawa 6engyK. OweHTUn, TyWTyK-6aTbiwTarbl M3nagee
anmarbiHgarbl yd4 anbingad 220 kaHa 6opbopayk TaHb-LUaHb usmngee amarbiHaa 235 Kuum
dbepmepaunK 4apbanap wmsmngeHreH. TysyareH aHkeTaga, Kuun depmepamk 4dapbanapabiH
YIOWTYPYAYLWY *KaHa SKOHOMMWKA/NbIK KOPCOTKYUTOPY KOHYHA® CaHAblK MaasbiMmaTTap
yoryntynraH. byn maanbimaTtrap Hermsrm KOMMOHEHTTepAMH aHanusmHuH (HKA) KaHa
KNnacctepauKk aHaAusguMH HermsuHge vapbanapdblH TUMOJIOMUACBLIH Ty3yy YYYH Ken Kbipayy
MeToAA0p MeHeH H6aanaHraH. [ucnepcuoHayk aHanm3 (ANOVA) KaHa t-TecT Kes KapaHAbiCbI3
TONTOPAYH OPTOUYO KOPCOTKYUYTOPYH Ca/blWTbipyy Y4YYH »KaHa TaHAanraHgapAblH OpPTOYO
MaaHMCUMHWUH OPTOCYHAarbl CTaTUCTUKA/bIK MaaHWAYY aliblpMacbiH aHbIKTOO YYYH KOJAOHYraH.
Bus aHanu3aM 3KM  wapTTyy Typae benyHreH u3uAgee aMMaKTapblHAa — ©3-83YHYe
KYPry3sreHAyKTeH, 6usguMH Tangoo, vM3uMnaee aimaktapbiHaa 6ew anbln yapba cucTemachiH
aHblKTaabl. TywTyk-6atbiw TAHb-LUaHAa KnaccuduKaumanbiK e3repmenspayH HernsvHae,
KMpelwe OynakTapblHa KaHa KaLOOHY KamcbI3400 CTpaTerMacbiHa GaMnaHbIWTYy Y4 Typayy
CMNBOMACTOpPangblK  AblMKAHYbIIBbIK CcUCTEMacblHa OeslyHreH, aHga Kblfad 3Mec TOKOM
npoaykTbinapbiH (MITM) YorynTyy sKaHa caTyy maaHwuayy 6onroH, 6upok aHga: (i) (MK3TN) aaH
CaNbIWTbIPMaslyy KOFOPKY Kupelle, OPTOMO MangblH CaHbl KaHa 4apbafsaH TblWKaApPKbI
nUwMmepayynyKTeH a3 kupeue; (ii) (MFK3TM) aaH opToyo KMpelle, Ken ManablH CaHbl }KaHa YapbasaH
TbILLIKaPKbl ULUMEPAYYAYKTEH Ken Kupelle; aHa (HITI) aaH *XoropKy Kupelle, a3 MaiablH CaHbl
*KaHa yapbagaH ThilKapKbl MWMEpPAYYIYKTOH OPTOYO KMpelle Aa KaMTbinaraH. bopbopayK TaHb-
LWaHAaa coumanablk-3KOHOMMKA/IbIK }KaHa arpo3Ko/I0rMANbIK MyHO346MeNepyayH HErM3UHAE 3KU
TYPAYY AObIMKaHUYbIIbIK-ManublblK apanall cuctemacbl aHbikTanraH: (1) Maiinoo-6uiink (MB),

2000-2400 m BMIAMKTUKTE MaWralkaH TOO KbipKanapbl, Manubl/blKKa »KaHa TOWT eHAypyyre
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Hernsaennn, Man KayyHyH KbiCKa Me3ru/iu MeHeH KaHa YapbaaH TbIWKapKbl ULMEPAYY/TYKTEOH
a3 Kupelecn MeHeH MyHe34enreH; ¥aHa (2) *annooHyH opTto ageHrasnau (HKO), 1500-2000 m
OPTO BUNUKTUKTE KaWralwKaH TOO KblpKanapbl, CanbIWTbIPManyy y3arbipaak man Kanyy mesrunm
MEHeH ’KaHa u4apbagaH TbIWKAPKA OPTOYO KUpelecn MeHEH  AblMKaHYbIIbIKKA *KaHa
ManyblNblKKa HernsgesnreH. AiMbll 4apbacblHbIH aHa Oy AbIMKAHYbIABIK cUCTEMaNapablH
TYPYKTYY OHYIYYCYH Kon4o00 6OOWHYa CyHywWwTap OHAYPYWTYH »KaHa TEexXHONOTUA/bIK
XKETULKEeHANKTEPANH HEIN3NHAE KepCoTyareH. TYPYKTYYyKTy »Koropynatyy 6otoHYa Yapbanbik
CcMcTeMaHbIH ap BUpP TYPYHO KOHKPETTYY cyHywTap 6epuareH. MannbiCbiHaH, Man Yapbacbl yYyH
TOWT 6a3aCbliH KaKLWbIPTYY, TOKOMAOPAY *KaHa XKaMbITTapAbl CAKTOO XKaHa TYPYKTyYy nanganaHyy
MaKCaTbiHAA TOKOW/IOP MEHEH XaubITTapda XalyyHy OallKapyyHy KakwWwbipTyy 6GapAabirbiHa
Tuewenyy. Cunsonacropangblik rpynnanap ydyyH HKITIM Kowymuya HapKbl MEHEH Kalipa ULITETYY
KaHa Typu3M CbISKTYY 4apbagaH TblWKapKbl WIWIMEPAYYNYKTYH canbimaapbl  3apbia.
[blMKaHYbI/bIK }KaHa Man Yapba cucTemanapbl yUYH *KalibiTKa 60/1rOH 3biHAbI a3aUTyy YYyH cyraT
CMUCTEMANapPbIH  KaKWbIPTYy *KaHa Mporpeccusayy TOWT  ecTypyy 3apbin.  busguH
KNnaccMPpmuKaumsanoo MeToaosiorMabbi3  4YapbaHblH  YOHAYrYHa KaHa YKYKTYK CTaTycyHa
Hernsgenun, canTtyy TMNonorvanap angblHAa apTbiKYblAbIKKA 33, ceb6ebun, aKblpKbl yyypnapaa
KNaccTap apacbiHAa YOHAYKTYH TYPAYYAYTYy 3CKe anbiHbali, arpo3aKoNorvaAnbiK WapTrap KaHa
OWOHZOoM 3ne 4apbanapablH COUMaNAblK-9KOHOMMKA/bIK CTaTycy YeTKe KarblaraH. byn
TbISSHaKTap, TOO/1y alMaKTapaarbl aibla YapbacbliH OHYKTYPYYAS Yeunm Kabbln anyydynapra xaHa
WULW Ky3yHerynepre nangacblH TUMIM3KUMN, asblpKbl COLMANAbIK 3KOHOMMKANbIK TEHCU3OUKTU
KeHUNAeTyyre Kapgam 6epet. MblHAAN KNacCUPMKaALMANOO bIKMACbIH YLIYA CbISKTYY OKLIOLL

TOONYY alMaKTapAa KonaoHyyra 600T.

Hernsru cespgep: AbliiKaH uvapbanapdblH 3KOHOMMKacbkl, bopbopayk AsuA, KalbiTTapabliH

aerpagayumnAacbl, CM0NBO- XaHa arponacrtopasablk eHAYpYLW, KnactepanK aHanus.
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1 Introduction

Agricultural production in mountain areas across the globe is typically practiced on family-
based smallholder farms (Wymann von Dach et al. 2013). Although mountain farming has many
diverse features due to different altitudes, climate regimes, and landscapes, in terms of livestock
husbandry, the largest proportion of the mountains and uplands are occupied by extensive
pastoral farming systems (Cdordova et al. 2019). These mountain pastoralists face various
environmental and socio-economic sustainability challenges which threaten their agricultural
production and consequently livelihoods (Fan & Rue 2020; Harri et al. 2020). On one hand,
because of the rugged terrain, these lands are very vulnerable to climatic hazards and disasters
(e.g., debris flows, landslides), and, on the other hand, they are marginalized by limited access to
infrastructure, markets and technology (Rawat & Schickhoff 2022). In Kyrgyzstan, more than 80%
of agricultural land consists of high mountain pastures (including mountain forest pastures) and
most of the livestock-based smallholder farmers living in these areas face additional sustainability
challenges such as pasture and forest degradation and loss of biodiversity mainly due to
overgrazing (Kerven et al. 2011; Crewett 2012; Undeland 2015).

Current smallholder farming systems have been largely shaped by the political, social and
economic reforms of the last decades in the aftermath of the disintegration of the USSR (Kasymov
& Nikonova 2006; Kasymov et al. 2016; Neudert 2021). As a result of this breakup, the large state-
owned agricultural enterprises that produced meat, wool products, and large-scale crops
(Hamidov et al. 2016) were fragmented into the small-scale family-managed farms (Lerman &
Sedik 2008). Since independence in 1991, more than 460,000 smallholder farms emerged with an
average size of 2.0 ha (NSC 2022), mostly located in rural mountain regions (FAO 2020). Over the
decades, only a small number of farmers have been able to expand their farming operations;
however, most smallholder farms still remain with very limited resources and capacities (Ludi
2003; Steimann 2011; Shigaeva et al. 2016). Despite their modest capacities, these farms now
produce the largest share of country’s agricultural output because most of the available arable
land and pastures exists in these farms, which supports rural livelihoods (Lerman & Sedik 2009;
FAO 2020). This agricultural production has a direct impact on the resources used with current
development trajectories in mountainous areas of Kyrgyzstan implicating that resource utilization
in these areas may unsustainable. Moreover, current practices may threaten the long term social

and economic development of rural mountain farming systems.



According to various sources, degraded pastures occupy at least 30% of these mountain
lands throughout the country (Bai et al. 2008; USAID 2009; Le et al. 2015; Mirzabaev et al. 2016;
Robinson 2016). This condition is also confirmed by satellite imagery, which attributes land
degradation largely to increasing numbers of livestock and unsustainable use of pastures (Kulikov
et al. 2016; Zhumanova et al. 2018; Duulatov et al. 2021; Umuhoza et al. 2021). In addition to the
vast highland pastures, mountain forests are also prone to degradation due to overharvesting of
forest products and overgrazing, leading to increased deforestation and loss of biodiversity
(Orozumbekov et al. 2009). Although mountain forests occupy a very small part of the highland
area, they are vital for community livelihoods because they provide non-timber forest products
(NTFPs) and represent the main seasonal grazing resources (Borchardt et al. 2011; Cantarello et
al. 2014; Orozumbekov et al. 2015; Shigaeva & Darr 2020). The negative impact of increased herd
size is aggravated by insufficient production of winter fodder for livestock, and in the forest areas,
a lack of access to pasture and arable land for local people (Farrington 2005; Undeland 2015; Chi
et al. 2020). Recently, the government introduced several regulations and laws aimed at providing
the necessary legal framework for sustainable pasture and forest management, e.g. Law on
Pastures or designating forest land as protected areas (Government of Kyrgyz Republic, 2009;
2003). However, these measures are rarely obeyed and pasture and forest resources remain
under pressure (Jalilova & Vacik 2012; Liechti 2012; Crewett 2015; Dorre 2015; Shigaeva & Darr
2020). The main deficiency of such measures is that they do not consider the current importance
of pastures and forests for local smallholder farms, which indicates that the suitability of these
measures and their effects on local agricultural production and livelihoods are still not well
understood (Fisher et al. 2004; Liechti, 2002). In addition to these measures, another economic
incentive taken by the government was the accession to the Eurasian Economic Union (EAEU?) in
2015 (World Bank 2014). Potential benefits included the promotion of agricultural exports to
EAEU member countries, among others (NISI 2011; Pavlov 2012; Ministry of Economy 2015).
Several studies questioned the benefits of EAEU membership and there was considerable
uncertainty about the implications of this policy decision for small farmers (Pavliov 2012;
Mogilevskii et al. 2014; Tarr 2016). A frequent obstacle to the success of such measures is the lack

of reliable information about the diversity of smallholder farms, their socio-economic

1 The EAEU is an international organisation for regional economic integration aimed at promoting the free
flow of goods, services, capital and labour among its members — Armenia, Belarus, Kazakhstan, Kyrgyz
Republic and Russia (EAEU 2015; Smutka et al. 2016; Saritas et al. 2017)



characteristics and resource availability, as well as differences in farmers’ needs including
responses to previously mentioned incentives or regulations (Dunjana et al. 2018). Based on this
understanding, interventions and recommendations can be identified that have potential to
enhance farm production, reasonably use available resources, and support sustainability of
livelihoods (Lopez-i-Gelats et al. 2011). Thus, a socio-economic typology of farm households can
provide information to help identify groups of farm households that face similar challenges and
constraints that in turn need to be addressed by distinct and appropriate technological and policy
interventions (Dunjana et al. 2018).

Although farming systems in Kyrgyzstan are predominantly based on animal husbandry,
agricultural production differs according ecological conditions, and these highly variable
mountain ecosystems in turn affect farming systems (Kulikov 2018; Duulatov et al. 2021a). For
instance, gently sloping lowlands and valleys (e.g., Ferghana, Chuy, Talas) with fertile soils benefit
from well-developed irrigation systems, while rainfed agriculture prevails in smaller areas of
mountain regions; rangelands and pastures are located at higher elevations (Gupta et al. 2009;
Kienzler et al. 2012). In addition, climate may vary amongst different eco-climatic zones, even at
the same elevation, and affect vegetation cover, ecosystems diversity, and ecological conditions,
which in turn increase the diversity of farming systems. Typical examples are mountain
agropastoral and silvopastoral smallholder farms.

Despite the significant transformation processes that have occurred at the farm-household
level, information on the socio-economic situation of these farming systems that identifies key
characteristics and differences among farm households are generally rare (Liechti 2002; Fisher et
al. 2004). Previous studies have extensively documented transformation processes in the
country's agricultural sector and, in particular, focused on the effects of land reform and resource
management on the performance of newly emerging smallholder farms (Wilson 1997,
Bokontaeva 1998; Djailov 2002; Akmataliev 2006; Kydyrmyshev 2009; Jacquesson 2010;
Mogilevskii et al. 2017). However, these studies mainly characterized farms and production
systems based on official statistical data, while the typology of farms was based mainly on farm
size and land ownership (Liechti 2002). The major deficiency of this official classification system is
that it fails to include additional socio-economic and agro-ecological variables that may be
important and there is no evidence that smallholder peasant farms are homogeneous and that
no further differentiation is required. Other case studies have examined transformation processes

in Kyrgyzstan suggesting the importance of a typology of farms based on their resource capacities,



i.e. number of livestock, the role of non-agricultural activities and farmers' livelihood strategies
(Fisher et al. 2004; Schmidt 2005, 2007, 2013; Fisher & Christopher 2007; Shigaeva et al. 2007;
Schoch et al. 2010b; Steimann 2011; de la Martiniére 2012). However, the differentiation of farm-
households in these studies was based on discriminant analysis and tended to over-simplify farm
classification, where differentiation was solely dependent on resource-rich and resource-poor
farming systems. The main shortcoming of current farm classification systems is that they do not
have a robust methodological classification approach that includes a broader set of additional
socio-economic and agro-ecological interrelated variables. Likewise, detailed quantitative
analyses of the various economic activities, resource management priorities of the farming
systems, as well as influence and perception of pasture degradation on the micro-level of farming
systems are largely lacking. Taken together, these deficiencies potentially limit the effectiveness
of policy actions aimed at more sustainable land and resource management.

Therefore, due to these limitations, this doctoral study aims to provide numerical clustering
procedures for smallholder farm classification that provides an understanding of the diversity of
farm characteristics and livelihood assets, including responses to current untargeted and uniform
interventions for sustainable use of resources in rural mountain areas. Based on farm typology,
the detailed analyses of production systems, socio-economic performance, as well as constraints
and opportunities specific to a particular farm type can be identified. The study also focuses on
farmers’ behaviour and decision-making analyses that clarify priorities for farm-household
activities, which are highly relevant to pasture and other recourse management. Finally, the study
suggests future interventions to support sustainable rural livelihoods that considers diversity in

endowment of livelihood resources and differences in livelihood strategies.



2. Literature review
2.1 History and legacies

Until the mid-19th century, Central Asia remained unchanged as a land of pastoral nomads
migrating vertically and horizontally across large stretches of land. Kazakhs’ and Kalmycks’ tribes
of the region occupied the dry and desert-steppes, and the Kyrgyz lived in the foothills and
mountains of the Tien-Shan and Pamir (Abramzon 1971). Kyrgyz tribes practiced a transhumance
migration to the high mountain pastures during the summer months and settling in the valleys
and lowlands in winter. A minority of the Kyrgyz, mainly yak herders, stayed at high-altitudes all
year (Kreutzmann 2003; Rahimon 2012). Kyrgyz were nomads employing year-round grazing. The
base camps or fixed settlements of most herders occupied narrow valleys in the low mountains
(1000-2000 m). Animals grazed on grasses and shrubs along the river valleys below the forest

zone and were fed supplementary fodder in winter (Figure 1).
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Figure 1 Example of common grazing pattern of sheep in transhumance system. Adapted from

Schillhorn (1995)

In spring, herders migrated gradually to upper pastures above tree line and stayed in

highland pastures during summer months. With the beginning of autumn, herders migrated rapid



towards winter camps over the recovered spring/fall pastures (Schillhorn 1995). Russian
colonization during the late 19th century substantially changed this transhumance system. Many
traditional grazing lands, especially the lowland valleys, were settled by Russian farmers who
converted the land to crops (cereals, cotton, tobacco, and fruit) and livestock production.
However, the transhumance farming continued to dominate in the highlands but became more
intensive after the 1930s (Schillhorn 1995; Tilekeyev et al. 2016) when collectivisation was
introduced and agricultural production was characterised by large state farms, i.e. collective farms
(kolkhozes) and state farms (sovkhozes). These collectives represented the formal commercial
farm sector; very small subsistence-oriented household plots represented the “private” sector
(Lerman & Sedik 2009a, 2009b). Throughout the Soviet era, each Central Asia country specialized
in certain agricultural strategies: Kazakhstan in grain production; Kyrgyzstan in sheep production,
alfalfa, and maize; and Tajikistan, Turkmenistan, and Uzbekistan producing irrigated cotton and
karakul sheep (Hamidov et al. 2016; Ahado 2021). With establishment of large state farms,
traditional animal herding was modified with improvements to reduce risks of herd loss (Figure

2).
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Figure 2 Example of migration pattern of sheep in collective farms in the Chui valley. Adapted

from Schillhorn (1995)



Larger herds up to 25,000 head grazed during summer months on the mountain pastures
of Kyrgyzstan and migrated into lowlands of the northern part of the country up to Kazakhstan
for winter grazing with supplemental feed provided to animals (Rahimon 2012). In mountainous
areas of Kyrgyzstan, the whole agricultural production was organised to supply inputs to increase
mainly livestock number, in particular sheep herds for meat and wool production (Kerven et al.
2012). However, livestock production was constrained by the lack of fodder in winter. To solve
this problem, the state made massive investments in cultivation of fodder crops, including fodder

imports from other Soviet states (Schillhorn 1995).

2.2 Transformation period

Dramatic transformations in the agrarian sector started in the early 1991s after breakup of the
Soviet Union and proceeded in several phases. The first phase of reform (1991-1994) was
characterized by a transition from collective to private ownership; the collective farms were first
reorganized in the form of agricultural cooperatives and farm associations. About 30% of
collective farms were reorganized and up to 20 thousand small farms were formed during 1991-
1993. The rest of the sector remained in the former operation and management mode. By the
end of 1994, land shares and other assets (land, livestock and machinery) were distributed on
paper to farm members and villagers. Agricultural output was falling, but slower than outputs
from other sectors. In 1995, the agricultural sector accounted for half of the national GDP. The
second phase of land reform began in 1994 with the reorganization of 450 state farms and
collective farms. A majority of the transferable land was distributed to individual farmers, while
livestock distribution began earlier and, by 1995, 68% of the livestock were distributed to
individuals. However, only about 16% of agricultural machinery and buildings of former state
farms were in private hands. By the end of 1996, about 75% of arable land was allocated for
distribution among individual farmers. The rest (about 25%) was transferred to the Land
Redistribution Fund (LRF) and remained state property for future distribution (Lerman & Sedik
2008). The next substantial reforms (1994-2001) saw the number of one-household farms
increase from 20,000 to 250,000. Concurrently, average farm size declined from 15 ha in from
1994 to 1996 to 3 ha in 2002. The total arable land for individual use reached around 920,000 ha,
both irrigated and non-irrigated, while remaining large agricultural corporate enterprises and
other users cultivated less than 400,000 ha. Given that pastures are the main resource for farmers

(up to 85% of total agricultural land), the next phase of agrarian reforms focused on development



of agricultural extension services and improvement of infrastructure — e.g., development of
cooperatives; development of peasant farms and agri-businesses; improvement of water and
pasture management; and social development of rural areas (Mogilevskii et al. 2017).

In summary, the transition from the former Soviet plan to market-based economy can be
illustrated by the shifting role of agricultural enterprises and individual farms. More than 450
Soviet-era agricultural state collective farms that played major roles in agricultural production
were disaggregated into hundreds of thousands of small household farms. This privatization of
land holdings was accompanied by an even sharper shift of livestock inventories from enterprises
to family farms: the successors of collective and state farms lost virtually all their animals and
livestock today is concentrated almost exclusively in household plots and peasant farms (Lerman
& Sedik 2018).

The shift of productive resources (i.e., land and livestock) from enterprises to individuals
resulted in a significant increase in the share of individual farms in agricultural production. At the
end of the Soviet era individual farms (traditional household plots at that time) contributed 45%
to Gross Agricultural Output (GAO) and agricultural enterprises produced the remaining 55%
(Lerman and Sedik 2009). Nowadays, individual farms (household plots and peasant farms
combined) contributed 99% of GAO and the share of enterprises had shrunk to just 1% (FAO
2020).

2.3 Contemporary smallholder farm typology

Based on current information and studies, the analysis of the farming systems has not been
completely conducted in Kyrgyzstan. These investigations indicate that little scholarly work has
focused on classification schemes and characterization of farming systems, or, if available,
methods remain unclear. Many existing studies deal mainly with general aspects of the effects of
land reform, the transformation process, and resource management since independence. For
instance, Djailov (2002), Akmataliev (2006) and Kydyrmyshev (2009), and Bokontaeva (1998)
described farm types and agricultural production based on data of the statistical committee.
These studies described an inefficient production system of newly emerging small-scale farms and
the lack of investments due to rapid and poorly targeted agrarian reforms. The central demand in
these works was the market-driven return to collective management methods.

Other studies examined transformation processes in Kyrgyzstan after the collapse of the

Soviet Union and have mainly analyzed livelihood change in the newly emerging smallholder



family farms and causes of recent socio-economic differences between household farms (Wilson
1997; Jacquesson 2010; Crewett 2012, 2015; Liechti 2012). These studies have pointed to the
importance of typologies of farms based on their resource endowment, i.e., number of livestock
(Liechti 2002; Steimann 2011); role of non-farm activities and diversification of income sources
(Fisher et al. 2004; Schmidt 2005, 2007, 2013; Fisher & Christopher 2007); and livelihood
strategies, as well as agricultural production methods and market orientation (Shigaeva et al.
2007; Schoch et al. 2010b; de la Martiniere 2012; Sagynbekova 2017). However, farm
differentiation in these studies was based on discriminant analysis with grouping mainly
dependent on resource-rich and resource-poor farm households. It is worth noting that these
studies also looked at different actors, their practices and organizations, and institutions in
different locations in the country, but only in the context of agropastoral and silvopastoral
production.

The official agricultural census in Kyrgyzstan (NSC,2021; FAO, 2020) distinguishes three
main categories of farms based on the size of arable land and legal status: a) subsidiary farms, b)
smallholder peasant farms, and c) large agricultural enterprises, cooperatives, agricultural stock
companies, and state farms. Subsidiary farms are generally small and subsistence-oriented, as
they have no arable land but an average-size kitchen/home garden of 0.12 ha and a herd of one
livestock unit (LU?). Subsidiary farms have larger home gardens and herds comparable to peasant
farms and there is little overlap between these two farm types (Lerman 2013). Production on
subsidiary farms constitutes 34% of total national agricultural production despite their modest
resources because they are the most common (= 800,000). In contrast to subsidiary farms, there
are only several hundred large agricultural enterprises in Kyrgyzstan with >1000 ha (FAO 2020).
Usually, the productivity of such large enterprises is high; however, due to their limited number,
their contribution to national agricultural production is negligible (<1%). The largest share of
agricultural production (65%) comes from smallholder peasant farms where most of the available
arable land and pastures reside and support these rural livelihoods. While subsidiary farms and
market-oriented large agricultural enterprises are mostly homogeneous, grouping smallholder
peasant farms into one category is questionable. The major deficiency of the current farm
classification system is that it fails to include additional socio-economic and agro-ecological

variables for these smaller farms. In addition, it does not include the objectives and needs of

2 One livestock unit (LU) corresponds to one cattle, 0.8 horses, or 5 sheep/goats



smallholder peasant farms, much less the relationship of farmers to those measures that are
aimed at improving their agricultural production and overall economic conditions by
simultaneously conserving natural resources.

Statistical committees of other Central Asian countries — Kazakhstan, Tajikistan,
Turkmenistan, and Uzbekistan — classify farm types using the same scheme based on size of farms
(i.e., peasant, household plots, and enterprises). Notably, the process of individualization of land
tenure and privatization of legal land ownership differs in each country. For instance, land was or
can be privatized in Kazakhstan and Kyrgyzstan, while in Tajikistan, Uzbekistan, and Turkmenistan
(partly), all land remains state owned and is transferred to farmers via user rights. Nonetheless,
all countries in the region strive to reform tenure rights in agricultural land and change the
traditional Soviet style farming structure to a model closer to market principles. The privatization
of agriculture has largely driven the impressive recovery in agricultural production that we are
witnessing since about 1998 across the region. Small family farms have become the backbone of
the post-transition farming structure, replacing the agricultural enterprises that dominated during
the Soviet era (Lerman 2013). The dramatic shift of arable land from state farm or corporate farms

to the individual sector in four of the five Central Asian states is shown in Figure 3
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Figure 3 Shift of arable land from agricultural enterprises to individual farms since 1991

(Uzbekistan, Tajikistan, Kyrgyzstan, Kazakhstan). Adapted from Lerman (2013)
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2.4 Mountain pastoralism and associated rangeland and forest degradation

Mountain rangelands of Kyrgyzstan feature diverse landscapes acting as enclaves for biodiversity
with unique vegetation formations and plant communities (lonov and Lebedeva, 2005; Kulikov,
2018) in a pronounced vertical climatic and ecological zonation. These mountain pastures play an
important role in sustaining the livelihood of rural populations by providing fodder for livestock
as a main source of income (Fitzherbert 2006). The total 9.147 million hectares of pasture are
characterized by complex mountain topography with a highly heterogeneous soils and vegetation
communities blending into each other. With the new Law on Pastures (Government of Kyrgyz
Republic 2009), pasture management has come under the decentralized control of 454 local
Pasture Committees in Kyrgyzstan (Fisher et al. 2004; Levine et al. 2017; Zhumanova et al. 2018).
These community based pasture management organizations were designed to promote
sustainable management of pastures by reducing stocking rates and improving the infrastructure
for seasonal movements to remote pastures (Bussler 2010; Crewett 2015; Isaeva & Shigaeva
2017; Mestre 2019; Tagaev 2018). Current livestock numbers have reached or even exceeded the
peak numbers during Soviet times (Farrington 2005; Shigaeva et al. 2016) according to official
data (e.g., currently more than 10 million sheep) (Tilekeyev et al. 2016). However, the official data
are considered inaccurate because livestock owners tend to report lower numbers to avoid
additional payments and to avoid disclosure of exceeding grazing limits (Dzhakypbekova et al.
2018). Despite numerous efforts undertaken since the introduction of pasture regulations,
pasture degradation still extends across wide areas due to overgrazing, unregulated seasonal
grazing, and changes in climatic conditions (Pasture Department, 2014). Most of the degraded
pastures are mountain steppes and subalpine meadow-steppe zones in northern, central, and
west Tien-Shan mountains where vegetation cover changes are ongoing (Nuralieva & Bekirova
2015; Zhumanova et al. 2018) (Figures 4 and 5). Recent vegetation studies indicate that heavily
overgrazed areas mainly occur in low altitudes near settlements (Kulikov & Schickhoff 2017;
Kulikov et al. 2017; Umuhoza et al. 2021). Some studies revealed an altitudinal increase of the
upper limit of all vegetation belts, particularly of desert and steppe belts in response to climate
warming (lonov and Lebedeva, 2005). Furthermore, species abundance, range limits, and climatic
niches have all increased or expanded in the upper ecological zones due to melting of glaciers and
snowfields (llyasov et al., 2013). These studies also show that overgrazing superimposed on

climate change affects the carrying capacity of pastures (Umuhoza et al. 2021).
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Figure 4 The changes in semi desert pasture vegetation cover

Artemisia spp. replaced with Alhagi pseudalhagi subsp. kirghisorum (Schrenk) Yakovl.
Photos were taken in June 2008 and 2014 (dry years) and 2016, (wet year). Adapted from

Zhumanova et al. (2018)

Although pasture degradation has been reported in many studies, there is no
common understanding of the level of pasture degradation in Kyrgyzstan (Robinson
2013; Kerven et al. 2016). Numbers vary from 12% to ~30% of the total area of the
country (Bai et al. 2008; Le et al. 2015), depending on the methods used. A complete
picture is unclear due to a lack of systematic ground-based observations and unknown
spatial and temporal distribution of grazing. However, the overall increase in livestock
numbers suggests that the general pressures on grazing resources are increasing, which

could lead to further pasture degradation (Mirzabaev et al. 2016; Kulikov 2018).

Figure 5 The changes in meadow-steppe pasture vegetation cover

The extension of Iris spp. and Rosa spp. covered area. Photos were taken in early August

2008 (dry year), 2010 and 2015. Adapted from Zhumanova et al. (2018)
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Similarly unclear, is the status of forest degradation. Although forests cover a very small
part of Kyrgyzstan, they are important for livelihoods of silvopastoralists because they provide not
only firewood and non-timber products, but also represent a major seasonal grazing resource
(Djanibekov et al. 2015; Dérre & Schiitte 2014; Dorre 2015; Kerven et al. 2016; Kasymov et al.
2016). Forests cover only 5.7 % of the country (Figure 6) and are distributed at elevations between
1500-3100 m a.s.l. Spruce forests (Picea schrenkiana Fisch. & C.A.Mey.) occur in the north and
east parts of the country, while in the south and south-west, Juniper forests (Juniperus communis
var. saxatilis Pall.) dominate occupying almost half of the entire forest area. Hillslopes of Fergana
and Chatkal are dominated by Juglans regia L. with other fruit tree species such as Malus sieversii
M.Roem and Malus niedzwetzkyana Dieck ex Koehne, Pyrus asiae-mediae (Popov) Maleev and
Pyrus turcomanica Maleev, Prunus sogdiana Vassilcz., Ribes janczewskii Pojarkova, and Acer
platanoides subsp. turkestanicum (Pax) P.C.Delong (Kulikov 2018). Riparian forests occur along
river valleys and are composed of Populus laurifolia Ledeb., Betula spp., Salix spp., Myricaria

elegans Royle, Clematis orientalis L., and Hippophae rhamnoides L. (Adyshev et al. 1987).
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Figure 6 Distribution map of major forest vegetation types in Kyrgyzstan. Adapted from

OpenStreetMap (2023)

The extent of forest degradation during the Soviet period is difficult to assess, but some
studies show that this peaked in the late 1950s (Robinson 2016). After this period, most forests

were protected by the State Forestry Department (SFD) to prevent unsustainable use of forests,
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including the introduction of protected area status. The situation supposedly improved until the
collapse of the Soviet Union. Some studies indicate negative trends in the country, including a
reduction of forest area by just under 8% from 1983 to 1989 (Kharin, 2002). While spruce and
juniper forests are most vulnerable near human settlements due to logging and overgrazing
(especially slow-growing juniper forests), walnut-fruit forests are also impacted due to
overharvesting of NTFPs, which support livelihoods in these rural areas (Orozumbekov et al. 2009;
Borchardt et al. 2010; Cantarello et al. 2014). Studies estimate that about one million people
depend directly or indirectly on these forests for their livelihoods (Shigaeva & Darr 2020).
Overharvesting of forest products and overgrazing negatively affect forest conditions and
biodiversity and lead to increasing forest degradation, deforestation, and conversion of forest
land (Chyngojoev et al. 2010; Orozumbekov et al. 2015). Overgrazing causes trampling and
browsing of young trees, especially walnut and wild apple, thus suppressing forest rejuvenation
(Orozumbekov et al. 2015; Orsenigo et al. 2016). Furthermore, heavily grazed pastures experience
soil compaction, reducing rainfall infiltration and increasing surface runoff and erosion (Borchardt
et al., 2011; Kulikov et al., 2017; Sidle et al., 2019).

Studies in these forests report that due to fluctuating walnut and other NTFP harvests local
farmers are forced to increase animal numbers on average every three to four years, illustrating
the cultural importance of livestock as a major capital asset and savings mechanism in the region
(de la Martiniére, 2012; Schoch et al., 2010; Steimann, 2011). In addition, there are studies
illustrating the importance of diversifying income sources and compensating declines in income
caused by migration (Chandonnet et al. 2016; Ratha et al. 2021). Negative impacts of increased
herd size are exacerbated by the lack of access to pastures of local communities and the limited
production of winter fodder for livestock (Undeland 2015). Government measures are now aimed
at protecting the remaining forests by prohibiting unsustainable land use, such as poor logging
practices, NTFP harvesting, and overgrazing. Thus, most walnut and fruit forests were designated
as nature reserves during the Soviet era and, after independence, the state continued to
designate new forest areas as protected areas; Kyrgyz Government Decree No. 405 (The
Government of the Kyrgyz Republic 2003). However, these measures did not account for the
current importance of forests to local people; thus, despite these measures, forest resources
remain under pressure (Jalilova et al. 2012; Shigaeva & Darr 2020). This indicates that the
suitability of these measures, their implications for local livelihoods, and farmers' response

strategies are still not well understood.
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2.5 Kyrgyzstan's joining to the Eurasian Economic Union and alleged potential benefits

for smallholder farmers

As previously described, mountain regions are relatively isolated from the main markets and
goods need to be transported through high mountain passes; thus, farmers in marginal zones
exploit existing market opportunities to sell their agricultural products. Another controversial
decision by the country's government, supposedly aimed at improving market opportunities by
opening export markets and thereby potentially improving the income situation of smallholder
farmers, was the country's accession to the Eurasian Economic Union with Armenia, Belarus,
Kazakhstan, and Russia. Kyrgyzstan officially joined the Eurasian Economic Union (EAEU) as a fifth
member on 12 August 2015 (World Bank 2015). The EAEU is an international organization for
regional economic integration and its objective is to promote the free flow of goods, services,
capital, and labour among the member countries (EAEU 2015; Tarr 2015). There was a heated
debate on the likely impact of Kyrgyzstan’s accession to the EAEU in the years preceding its entry
into the customs union. Benefits widely cited included, inter alia, an improved status of working
migrants in Russia, which was considered important given the large contribution of migrant
remittances to the Kyrgyz GDP (Schenkkan 2015; Tarr 2015); an increase of foreign direct
investment from Russia (Tarr 2015); and the stimulation of exports to EAEU member countries,
particularly agricultural products (Ministry of Economy 2014; Pavlov 2012; NIS 2013). It was
expected that the economic situation would worsen if Kyrgyzstan did not join the union due to
trade barriers to the EAEU (Pavlov 2012). On the other hand, numerous studies have questioned
the benefits expected from Kyrgyzstan’s accession to the union. One of the main arguments is
that the re-export of goods from China, which was primarily enabled by the country’s low tariff
rates for such imports, would decline when tariffs are harmonized within the EAEU (Pavlov, 2010,
World Bank 2014). Furthermore, doubts have been raised that the accession will lead to
significantly increased agricultural exports to neighboring countries, as a zero-tariff zone had been
in place already before and most of the country’s producers could still not meet major veterinary
and sanitary requirements considered as preconditions for increasing agricultural exports to EAEU
member states (Mogilevskii et al. 2014). For example, Kazakhstan has banned the import of
almost all animal products and livestock from Kyrgyzstan because of the occurrence of foot and
mouth disease in the country. Various other examples exist of EAEU countries imposing import
restrictions for agricultural products from neighbouring countries on grounds of product quality

(Tarr 2015).
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However, the limited role agricultural exports currently play in Kyrgyzstan casts some doubt
with regard to the potential of an export expansion strategy. According to official statistics the
share of agricultural products in total exports reached 12% in value terms in 2015 (UN Comtrade
2016). Agricultural imports into Kyrgyzstan, mainly cereals, flour, meat, and other food from
Kazakhstan, Russia, China, and other CIS-Countries, outweigh exports in physical and value terms.
The main partners for merchandise imports of agricultural products were Russia, Kazakhstan, and
China, accounting for 31.5, 30.2, and 9.4% of total agricultural imports, respectively (UN Comtrade
2016). Agricultural exports mainly consist of vegetables, fruits, milk products, and cotton shipped
to Kazakhstan, Russia, and Turkey (NSC 2014). Livestock and processed animal products have not
yet reached a considerable share in the total agricultural export market of Kyrgyzstan. Low exports
of agricultural and animal products are mainly a manifestation of the fact that agricultural
producers in Kyrgyzstan are barely competitive at an international scale in terms of cost and/or
product quality (Pavlov 2012). There are only a few enterprises that have currently obtained
official certification by Russian and Kazakh authorities — e.g., milk products (Rosselkhoznadzor
2016). Thus, it is concluded that this initiative was more political and pressure-related and of less
interest in smallholder farmers; also, this indicates that production and export opportunities of

small farmers are not adequately explored.

2.6 Livelihood diversification and sustainability

Smallholder farming systems in mountain regions converge within various biophysical and
socioeconomic environments. Although traditional farming systems in mountainous Kyrgyzstan
depend mainly on livestock production, rural families develop different livelihood strategies
based on the opportunities and constraints of such environments (Kulikov 2018). The
socioeconomic and agro-ecological characteristics of smallholder farms determine different
resource use patterns and agricultural management practices in different regions (Qin et al. 2022).
Smallholder farming systems can vary in resource endowment, production orientation and
objectives, performance and management skills (Kerven et al. 2012), and in their behaviors and
attitudes towards incentives or regulations that shape the diversity of natural resource
management strategies (Ashley et al. 2015). Empirical evidence increasingly demonstrates that
diversification of livelihood activities and incomes is becoming central to welfare of rural
mountain areas in Kyrgyzstan (Murzakulova 2022). Non-farm employment already accounts for a

considerable portion of the average income of mountain households with its importance
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expanding over time (Sagynbekova 2017). Studies summarize the reasons for income
diversification as seasonality, risk strategies, responses to labour market failures, accumulation
strategies, and coping and adaptation behavior (Dorre & Schitte 2014; Kasymov et al. 2016)).
However, Sabyrbekov (2019) notes that livelihood diversification is more than income
diversification, which includes property rights, social and kinship networks, but also has direct
relevance to sustainability. Livelihood diversification integrates several disciplines and is
multidimensional, encompassing biophysical, economic, and social aspects. Resilience is achieved
when livelihoods cope with and recover from stresses and shocks and maintain or expand their
capabilities and assets both now and in the future without undermining the natural resource base
(Tefera et al. 2011). Accordingly, nonagricultural employment has been recommended for some
mountain regions to reduce vulnerability to food insecurity and to conserve natural resources
(Chandonnet et al. 2016). Moreover, off-farm income can be invested in agriculture for
sustainable agricultural intensification (Murzakulova 2022), reducing the risks associated with
innovation, which can facilitate the adoption of new technologies (Dérre & Schitte 2014). In some
cases, however, diversification away from farming can have negative consequences for
sustainable intensification and conservation of natural resources. For example, remittances from
abroad by migrants can lead to high dependence on remittances, non-return of migrants,
disintegration of the family unit, and subsequent labour shortages, as confirmed by other studies
in agropastoral communities (Schmidt & Sagynbekova 2008; Schoch et al. 2010a; Sagynbekova
2017). These studies also note that, in most cases, migrant remittances are mainly invested in
livestock production (i.e., increasing livestock numbers), which can further increase the pressure
on already degraded pastures. Thus, an improved understanding of basic household diversity
factors and the ability to categorize diversity attributes that relate to livelihood strategies and
farming goals should help to better target agricultural innovations.

Developing a consistent typology of rural farm households can help to understand and
categorize the diversity of livelihood strategies among smallholder farmers in highland farming
systems. Categorization of farms is also necessary to understand how the specific objectives and
endowments of different household types affect resource allocation and use leading to
degradation of pastures and forests. Recognizing and thoroughly understanding variation within
and among farms and across localities is a first step to examine the acceptability and effectiveness
of new measures and incentives proposed to improve agricultural production in a sustainable

manner, both in terms of resource use and income.
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2.7 Farming systems approach and multivariate techniques for generating a typology

of the farms

Considering the anticipated changes in farming systems, a descriptive farming systems approach
(FSA) is an initial step to identify promising approaches for research and development. Studies on
the methodology and application in development-oriented FSA research mainly resides in US and
European sources or in international agricultural research centers of the CGIAR network. The
study of farming systems has its origins in research from the late 1970s based on a holistic view
of people together with their crops and livestock beginning with the assumption that local
systems are comprised of mutually connected elements that form a coherent whole (Beebe 2005;
Kabura 2007). Current research topics range from on-farm issues such as crop-livestock
interactions to farmer activities, civil food networks, and how cultural landscapes are shaped by
agricultural activities (Darnhofer et al. 2012). FSA is a holistic approach that focuses on humans,
society, and their needs and objectives (Doppler 1992). It addresses decision-making at the family
level and, at the same time, involves target groups and people concerned with defining objectives
and articulating and evaluating solutions. Farmers decisions are based on the objectives and
needs of the family and are reflected in the allocation of these resources within and among farms,
families and households, and off-farm activities (Kabura Nyaga 2007). In addition to the objectives
and needs of the family, other external factors such as government policies, infrastructure, and
market access also influence the strategies adopted by farmers to improve or sustain their
livelihoods, e.g., government policies affect allocation of village resources (Maurer 1999). All
these drivers and factors are directly or indirectly linked to living standards of farming families

(Figure 7).
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Figure 7 Framework of drivers and factors affecting and linking agricultural production and living

standards of farm-households. Adapted from Maurer (1999).

Understanding farm diversity in its multiple dimensions and drivers such as farmers’ needs,
behaviour (including responses to incentives or regulations), performance, and overall
sustainability is crucial in this approach (Ruben et al. 1998), which makes it possible to assess the
suitability of technological innovations for improving agricultural production and farm livelihoods
in general (Tittonell et al. 2010; Giller et al. 2021). Diversity in farm livelihoods and strategies is
one of the foundations of sustainability emphasizing long-term use and resilience of resources
and the farmer behavioral responses to stresses and shocks (Block & Webb 2001). The concept of
farm typology is central for defining homogeneous groups of farms based on similar sets of
attributes ranging from social, ownership, operational, production, and structural characteristics
(Dunjana et al. 2018). The main objective of such classifications is to identify the large variation in
farm production systems, socioeconomic conditions, and biophysical attributes specific to
agricultural production (Pacini et al. 2014). In addition to production and biophysical parameters,
there are a few other factors affecting farm diversity, including household composition,
technology, and non-agricultural income (Tittonell et al. 2010). The choice of variables is a crucial

step in the process of analyzing farm data because it can strongly influence the final typology. The
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objective of the typology should guide this process, and only those factors should be selected that
have a proven impact on relevant structural diversity (Pacini et al. 2014).

Multivariate statistical methods such as principal components analysis (PCA) and cluster
analysis are common methods in studies of farm typology within different farming systems
(Tittonell et al. 2010). Multivariate analysis applied to household data systematically reduces data
dimensionality, household heterogeneity, and produces results that are reproducible across
space and time (Kostrowicki 1977). There are many studies showing the effectiveness of this
technique and researchers have used farm typologies to support their research for various
purposes, e.g., selecting case study farms for detailed analyses and modelling (Hardiman et al.
1990; Kobrich et al. 2003; Tittonell et al. 2010), prototyping crop management systems (Blazy et
al. 2009; Pacini et al. 2014), perception of farm environments and participation in agri-
environmental schemes (Guillem et al. 2012; Costa et al. 2018), developing productive livestock-
based farming systems (Usai et al. 2006; Madry et al. 2013), and selecting target policies and
technological interventions (Goswami et al. 2014; Chatterjee et al. 2015; Kuivanen et al. 2016;
Dunjana et al. 2018; Namuyiga et al. 2022; LaFevor 2022).

Overall, the literature shows that most research on the typology of farms accounts for the
complexity of small farms, as well as the need for a holistic, system-oriented approach to clarify
their characteristics and determine sustainable development trajectories. Analytical steps derived
from this general approach include the description and comparison of present farming systems
and exploration of their development. Moreover, it encompasses the reasons and obstacles in
development (Maurer 1999).

The present study will consider the approaches shown in Figure 1, the gathering of on-farm
information on all aspects of farm-households and family objectives will be assessed by the
establishment of a data pool containing the farming systems specific qualitative and quantitative
information. These will be subjected to multivariate classification methods which delineate farm
populations into distinct farm-household groups homogenous in their socio-economic situations,
needs and objectives, and the extent of pasture and forest degradation and interlinked
challenges, ultimately based on the results of comparative analyses that assess potential farming

systems development pathways.
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3. Research framework and research questions

The overall research framework considered the holistic complexity of the existing situation and
interactions at the farm-household level, including interacting components outside the
production system (Maurer 1999). The concept of the study emerged from a socio-economic
approach and includes problem solving through the assessment of agricultural production
systems, farm-household interactions, and environmental variables such as agro-ecological,
biophysical, socio-cultural, economic, and political that influence the farmers’ decisions (Doppler
1992). It is critical to focus on the main socio-economic, organizational, and technical challenges
of farm families, including their perceptions and to understand the problems faced by different
farm-households involving village and regional levels of interaction and circumstances (Kabura
Nyaga 2007). Such a holistic view involves the elaboration of farming systems with the focus on
the farm and off-farm activities and livelihood diversification of the farm families as well as
sustainability of resource usage and overall living conditions. The objectives and decision-making
process in the families need to be included as the objectives of the family human being are of
central interest (Doppler 1992).

Pre-requisite are suitable methodical tools at each step of the research process. In this
study, key steps used in many other studies were followed: obtaining on-farm information on all
aspects of farm, household, and family objectives followed by the creation of a data base
containing the quantitative and qualitative farming system information. Based on this, the
development and testing of a farm classification methodology, and subsequently comparative
socio-economic analysis of smallholder farms and future development pathways is discussed. In
the chapter that follows, the individual steps are elaborated.

The research framework was designed to answer five research questions. As the climate in
mountainous areas varies considerably among eco-climate zones, even at the same elevation, and
affects variable ecosystems and agro-ecological conditions that in turn lead to diversity of farming
systems, the study aimed to identify prevalent farming systems in mountainous regions (research
guestion 1).

Since there is currently no comprehensive methodology for differentiating mountain
farming systems and the existing official farm classification system based only on farm size does
not provide a complete understanding of the socio-economic situation, objectives, and problems

of small farming systems, this study endeavors to provide a methodology that classifies farm
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populations using multivariate analysis based on socio-economic and agroecological
characteristics (research question 2).

A numerical clustering procedure for smallholder farm classification in this study aimed to
give detailed quantitative analyses of the various economic activities including non-agricultural,
resource management priorities, financial stability, as well as influence and perception of pasture
degradation of different farming systems (research questions 3 and 4).

Based on the results of the analysis and a comprehensive understanding of the differences
in farmers' needs, behavior (including their response to state incentives or regulations), and
performance, this study seeks to identify measures and recommendations that could potentially
contribute to improved agricultural production, reasonable use of available resources, and the

overall sustainability of livelihoods (research question 5).

Furthermore, based on the findings, it would be possible to identify starting points for
further development-oriented research in Kyrgyzstan and in mountainous regions of Central Asia

(research question 6).

Research question 1: What kinds of farming systems are prevalent in mountainous regions of
Kyrgyzstan?

Research question 2: Which methods are best suited to classify these farming systems?
Research question 3: What are the characteristics of the farming systems and how can they be
differentiated based on resource allocation and socio-economic performance, production
orientation?

Research question 4: What is the role of off-farm incomes and how stable is the financial situation
of farming systems?

Research question 5: What are possible future pathways for the different farming systems?
Research question 6: What are the starting points for further development-oriented research in

Kyrgyzstan and throughout Central Asia?

4. Aim of the thesis and specific objectives

Most government regulations and laws aimed at providing the necessary legal framework
for sustainable and forest management, as well as ostensibly economic incentives like
joining the EAEU (Eurasian Economic Union), currently appear ineffective. Mainly the lack

of detailed information on the socio-economic situation of smallholder farms as well as
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appropriate methods for classifying and analyzing these rural farming systems and for
developing specific farm interventions to support sustainable rural livelihoods led to this
failure. Thus, developing a classification methodology to characterize and identify
prevailing farm systems in lower and middle elevation mountain areas is one of the main
objectives of this study. This includes articulating characteristics and differences of
farming systems in terms of resource management, production systems, livelihood
strategies and the development constraints. Based on the comparative analysis of distinct
farm-households possible development recommendations can be provided with regard
to the main objectives of the different farm-families as well as sustainability of the
resources and livelihood income sources. Another objective is to estimate the impact that
Kyrgyzstan’s accession to the EAEU (Eurasian Economic Union) may have on the income
of identified smallholder farms.

Objective 1: to classify farm populations into distinct groups, homogenous in their farm
organization, actual economic performance, and development constraints.

Specific aim 1.1: to describe basic socio-economic situation of prevalent farming systems
Specific aim 1.2: to develop, test, and apply methodologies to classify these farming
systems

Specific aim 1.3: to analyze and compare the differences of agricultural production
systems, socio-economic performances, resource use and livelihood strategies as well as
to identify the constraints and opportunities specific to a particular farm type.

Specific aim 1.4: to suggest future interventions and recommendations to support
sustainable rural livelihoods for each identified farm type.

Objective 2: To simulate farm income effects by farm types relating to expert estimated
changes of prices and factor costs resulting from Kyrgyzstan’s accession to the EAEU.
Specific aim 2.1: to identify suited method for modelling farming systems income.
Specific aim 2.2: to establish static and dynamic scenarios of farm-household income
based on expected changes in product prices and factor costs with country’s accession to

EAEU.
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Specific aim 2.3: to conduct the simulations to analyze the likely impact of the expected

changes on smallholders’ farm income.

5. Materials and methods

The research design covers the study area selection criteria, study area and
classes/groups descriptions, types and forms of data collected, sample selection, data
collection tools and design, data collection processes and procedures, as well as the data
processing procedures. After selection of the study area, data were collected at the farm
and village levels. The research methodology and procedure of data management and
data analysis are outlined in Figure 8. In following subchapters, detailed descriptions of

the research design steps and used methods are presented.

Deterioration of pasture and forest resources threats sustainability of
agricultural production and overall livelihoods in rural mountainous regions

Study area Micro and Data management, Multivariate
selection and village level selection of analyses: PCA and
sampling data collection classification variables cluster analyses

COMPARATIVE ANALYSIS OF FARMING SYSTEMS

Classification of farming systems relevant for study objectives
Farming Farming Farming Farming Farming
system I system II system III system IV system V J:
1 |

4 5
Production Socio- Drivers of decision Micro-level
methods & economic making, attitudes,
farm income )\ performance )\ risk behaviour

-

—

p Infrastructure,
markets,
administration

Village level

Resources on village and
regional levels (land, forest,
pastures)

[ Farm income simulation ]4
<

Providing future interventions and recommendations to support sustainable
rural livelihoods for each identified farm type

Figure 8 Methodological framework and procedures used in this study. Adapted from Maurer
(1999)
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5.1 Study sites

The study area encompasses villages in three provinces of south-west and central Kyrgyzstan in
the Tien Shan mountains (Figure 9). More details about the study area are provided in the
following subchapters. Most of the territory of Kyrgyzstan is mountainous, which creates complex
hydrological, meteorological, geological, and soil conditions (Kulikov, 2018). This diversity affects
vegetation cover, which is also diverse (Vykhodtsev 1956, 1966). The climate in Kyrgyzstan is
diverse, and despite the altitudinal gradients, it is not possible to apply a simple linear relationship
between climatic and altitude as climate factors may differ significantly in different climatic zones
even at the same altitude (Adyshev et al. 1987, llyasov et al. 2003). In addition, agricultural
production varies according to ecological conditions, and variable ecosystems enhance the
diversity of farming systems. Furthermore, in these villages, there are several regulations and laws
aimed at providing the necessary legal framework for the sustainable management of pastures
and forests as described earlier. In this regard, the study sites are conditionally divided into two
areas: (1) south-western and (2) central Tien-Shan mountains.
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5.1.1 South-western Tien-Shan study site

In this region, data were collected in three villages located in Jalal-Abad province (Figure 10).
Elevations in these villages range from 500 to 4000 m above sea level, with the total forest cover
reaching 14,000 ha. The study area is characterized by a continental arid and semi-arid climate
with relatively mild winters (from -5° to 0°C), relatively not hot summers (from 18.5° to 20.9°C),
and average annual precipitation of 800 to 1000 mm, which peaks in January and April (Adyshev
et al. 1987; Isaev et al. 2022). A total of 1125 families lived in three selected villages (NSC 2018);
the typical agricultural production system is small silvopastoral farming. Most of these
silvopastoral farming systems are characterized by the collection of forest products combined
with grazing certain forest pastures around the settlements.

Noteworthy in the selection of these villages is that they are within or proximate to
protected areas, the forest resources which are directly impacted by villagers. The village of Arkyt
is in the Sary-Chelek Biosphere Reserve, the village of Kashka-Suu is near the Padysha-Ata Nature
Reserve and the village of Kara-Alma is in the Kara-Alma Forest Reserve. Despite the status of
nature reserves, collection of some NTFPs, meadow hay, and grazing is partially allowed. For
instance, in Kashka-Suu village, the collection of specified amounts of NTFPs and hay from forest
meadows is allowed, while in Arkyt village, the collection of only walnuts and hay is allowed in
certain forest areas. In Kara-Alma village, collection of NTFPs such as walnuts, wild apples, and
pears, as well as collection of hay is allowed. In addition, residents of Kara-Alma can lease forests
for up to 49 years from the local forestry department. The leaseholders, in turn, have the exclusive
right to harvest walnuts from these plots, and work to preserve these forest areas as well as
donate the seeds to the forest center. However, the collection of some threatened species such
as M. sieversii and M. niedzwetzkyana, pear species P. asiae-mediae, and P. turcomanica are
prohibited everywhere (IUCN 2007a, 2007b, 2007c; Newton & Oldfield, 2008). Other NTFPs can
be harvested within leased forests by all villagers. Cutting trees for firewood is prohibited in all
villages; in Kara-Alma, the collection of withered walnut trees and fallen branches is allowed. The
vast majority of NTFPs harvested were for sale and farmers kept a small portion of the NTFP for
family consumption, mainly walnuts and berries, some of them for medicinal purposes (Pawera

et al. 2016; Vlkova et.al 2015; Azarov et al. 2022).
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5.1.2 Central Tien-Shan study site

In this region, data were collected in a total of four rural districts located in Chuy and Naryn
provinces of central Kyrgyzstan. Elevations in these four districts range from 500 to 6000 m a.s.|,;
however, since most of the small mountain farms are above 1500 m, all sampled villages are in
this elevation range. In Chuy province, most villages are on plains at or below 1500 m; thus, only
the mountainous areas of Kemin and Jaiyl districts were above 1500 m. The villages sampled in
these two districts were between 1500 and 2400 m a.s.l. Since all villages in Naryn province are
located between 1500 and 2400 m a.s.l., Kochkor in the north and At-Bashy in the south of the
province were selected. The entire study area consists of 50 villages of different sizes located in
high mountain valleys between 1500 and 2400 m a.s.l. In the Kochkor and At-Bashy districts, 36
out of 39 villages were selected, and in the Kemin and Zhaiyl districts, nine of 11 villages were
selected. In fact, farmers from 45 villages throughout the central Tien Shan were interviewed, as
we excluded towns (administrative centres) with 8,000 and 10,000 residents, as well as small
villages (< 400 people), usually located in extremely remote areas.

In contrast, to south-western mountains, the highland valleys in this study site are
characterised by a semiarid steppe climate with warm summers (from 10° to 12°C) and long cold

winters (from -22° to -8°C) with a lower average annual precipitation of 200 to 300 mm
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(Bobojonov & Aw-Hassan, 2014). A total of 24,000 families lived in 50 villages (NSC 2010;
Nuralieva & Bekirova 2015). Smallholder farming is the typical production system in all
mountainous areas sampled, mainly characterised by mixed cropping and pasture use around the

settlements, and extended summer pastures in highlands (Figure 11).

75°0'0"E 78°0'0"E

P KAZAKHSTAN

Kemin district

...... s 5K
RANEREL e T

...........
A » Karakol .

Issyk-Kul

KYRGYZSTAN

42 ’q'O"N
42°0'0"N

Toktogul
water reserve

At-Bashy district

P T e e t?

Figure 11 Study region and selected villages located in four districts of Chuy and Naryn provinces

in the southern-central parts of Kyrgyzstan. Adapted from OpenStreetMap (2023)

5.2 Household sampling and ethics

The selection of households was based on simple random sampling. For sampling, personal lists
of the family farms were necessary so that the sample selection could then be made. Non-farmers
and large farms should not be considered and should be removed from the lists. Initially, we
planned to obtain data on farm size, resources (livestock number) from ‘aiyl okmotu’® in order to
make sample selection and subsequently to exclude households without land and livestock and
large farms. The required lists of farm-households are recorded in so-called ‘farm household

directory’ book?*, which contain information about all family farms belonging to the municipal

3 Village government or village executive; at the Aiyl Okmotu level are employed veterinarians, agricultural
and pasture experts, statisticians and other social workers

4 In a household book, all family and farm information such as the number of family members, their
occupations, size of land, type, herd size, etc. of village households are recorded. The information is updated
every year by employees of the local government. The data is mainly collected for statistical purposes
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administration. The household directory has been digitized by municipalities in cooperation with
the Norwegian Statistical Office since 2009. However, the communal executives did not provide
this data because it contained private information about each family. But all communal executives
were able to provide total number of households living in the villages, and later name and the
address of a randomly selected farm-household. Therefore, at the first stage, we visited all ‘aiyl
okmotus’ in each district and discussed with local communal workers about general information
on resource bases that included agricultural production (particularly trends in crop and livestock
production) as well as factors limiting the productivity of farms and at the conclusion of the
interview, we obtained permission to conduct survey. Then all households pertaining® to one aiyl
okmotu were collected and numbered. Thus, having visited all aiyl okmotus, we had a general
population and a sequence number of each household within the selected districts of the two
oblasts (in the case of the south-western study site- within three villages). Subsequently, in south-
western Tien-Shan study site we randomly sampled 220 representative households in the three
villages, while in central Tien-Shan 235 representative households from 45 villages distributed
across the region using a simple sampling formula on MS Excel. In south-western Tien-Shan, the
number of farm-households sampled in each village was approximately 20% of the total
population of each village. While in central Tien-Shan mountains, the number of farm-households
sampled in each area was approximately proportional (2.0-2.2%) to the total population of each
selected village.

We were not given much discretion in choosing households; replacement or substitution
was allowed in certain cases, e.g., some farm households could not be found, interview refuse
and subsequent exclusion of not eligible households. The latter refers only to agropastoral farm-
households of central Tien-Shan study site and which were extremely large ‘resource rich’ farms
owning more than 40 livestock units (LU) or 150 sheep /goats, households more than 30 ha, or
those without any landholding. The agricultural production systems and constraints of the large
farms differ significantly from smallholder farms. In these cases, in the sample selection 10% of
substitute farm-households were drawn. The number of selected farmers who refused to be
interviewed was negligible and was not more than 2% of total selected farms in entire study sites.

Within sampled households, data were collected from household heads and/or their

spouses to reflect the views of the main decision maker. Prior to the main survey, the

5 One aiyl okmotu can encompass one or more villages
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guestionnaire was presented to and evaluated by UCA’s Ethics review committee to comply with
ethical standards (Appendix 1). All farmers were familiarised with the research objectives. The

data were interpreted anonymously.

5.3 Data collection

In south-western Tien-Shan mountains, the socioeconomic survey of households engaged in
silvopastoral farming was conducted from June to July 2021, while in central Tien-Shan
mountains, the socio-economic survey smallholder farmers engaged in mixed farming was
conducted from February to July 2014 using a structured questionnaire. The quantitative farm-
level data on the organization and economic performance of smallholder farms was collected by
means of a structured questionnaire. The questionnaire was pretested to verify the
appropriateness of the questions, their order, and to familiarize the author and assistants with
the questionnaire. The adjusted data questionnaire was then integrated into the tablets using an
open-source mobile application ODK (Open Data Kit) for easy collection and transfer. The
guestionnaire included queries on agricultural production systems (livestock and crop
productions), level, and type of mechanisation, resource endowment, debt status, household
economy, non-agricultural activities, and remittances (Appendix 2). The survey farmers was
conducted directly by the author and assistants with experience in agricultural production as well
as survey procedures. Interviews were in the Kyrgyz language and lasted on average two hours.
Ten local experts were interviewed by author in 2016 that estimated the impact of the
expected changes in farm product prices and factor costs reflecting the various bio-physical,
economic, and political sources of uncertainty. The impact of changes in product prices and factor
costs were investigated separately for agropastoral farming systems. The experts were selected
according to the following criteria: knowledge and experience in the field of agricultural
production, and competence in conducting economic evaluations. This ensured that estimates
predicted the development of factor costs and prices with reasonable accuracy (see Appendix ).
Experts were asked to estimate an increase or a decrease of product prices and factor costs (e.g.,
animal price, wheat, diesel, fertilisers). Given the highly uncertain nature of the expected changes
with Kyrgyzstan’s accession to the EAEU, experts were asked to give the most likely price within a
3-year horizon. Data were collected via a structured questionnaire; each interview lasted 40-60
minutes. Furthermore, a group of 20 farmers of the original sample representing the full range of

agropastoral farm characteristics in the Central Tien-Shan study site were interviewed. This was
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done to carry out Monte Carlo simulations for static and dynamic scenarios and compare the
results of both analyses. In the section 5.4.3 is given the detailed description of survey-based

modelling method.

5.4 Data analysis
5.4.1 Descriptive statistics

Questionnaires filled out on tablets using the ODK application allows downloading the data in
Microsoft Excel format; data collected from different tablets were merged into one large
Microsoft Excel data bank. Subsequently, questionnaires with missing values and errors were
excluded and then the remaining quantitative data were processed and analysed using MS Excel
to generate descriptive trends and frequencies. Quantitative data collected from household
surveys were processed and analyzed using the Statistical Package for Social Sciences (SPSS)
version 21 programme (IBM 2017). Selected variables related to farm characterisation were
classified into following categories to explore smallholder farm diversity in the study site through
multivariate analysis: geographic characteristics of the area; agro-ecological and socio-economic
parameters; land holdings and use; labour; livestock capacity and ownership; production inputs;
and production methods. In addition to these categories for silvopastoral farming systems, in
Jalal-Abad province, further categories were added, such as forest leasing and use and labour.
Because farms in a given farming system may differ and are somewhat unique, they may have
distinct decision-making processes and specific development constraints. Therefore, a
classification in relatively homogenous groups of farms with similar characteristics (i.e., socio-
economic situations, needs and objectives, and the extent of pasture and forest degradation and
interlinked challenges) based on the results of comparative analyses to assess potential farming

systems development pathways was used (Doppler 1992; Dunjana et al. 2018).
5.4.2 Typology construction

Two multivariate techniques: principal component analysis (PCA) and cluster analyses were
employed sequentially for generating a typology of the farms, as used in similar studies (Kébrich
et al. 2003; Tittonell et al. 2010; Guillem et al. 2012; Pacini et al. 2014; Chatterjee et al. 2015;

Kuivanen et al. 2016; Namuyiga et al. 2022).
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PCA was used to standardize variables and condense all the information from the original
interrelated variables to a smaller set of factors called principal components (PC). Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy and the Bartlett test of sphericity were conducted to
check the suitability of the data for PCA assessment (KMO value 0.6 absolute minimum). Factors
were rotated using the orthogonal Varimax method to subsume the correlated variables into a
respective PC, which makes the pattern of loadings more pronounced and reveals simple
structuring of variables into theoretically meaningful subdimensions. PCs with eigenvalues > 1.0
were selected and interpreted (Hair et al. 2006). Furthermore, correlated variables within a PC
were represented by the variable with the highest loading coefficient (Dunjana et al. 2018).
Finally, we performed correlation analysis using Pearson’s correlation coefficient to test for
relationships among the selected variables and eliminated one of the two strongly related
variables to avoid double weighting of factors (Granato et al. 2018).

In the next stage, farms in Chuy and Naryn provinces were grouped by agglomerative
hierarchical classification and the farms of Jalal-Abad province by K-means cluster analyses based
on variables identified by PCA and Pearson’s correlation matrix. Ward’s method and the squared
Euclidean distance were used in both analyses as metrics to establish clusters as proposed by
Granato et al. (2018) and Santos et al. (2019). Subsequently, we used the independent samples t-
test and analysis of variance (ANOVA) accordingly to compare means of independent groups to

determine whether there was statistical evidence that the associated population means differed.
5.4.3 Farm income modelling using Monte-Carlo simulation method

Monte-Carlo simulation is a stochastic technique that involves using random numbers and
probability distributions to simulate the different impacts of uncertain variables on the model
outcomes (Liu et al. 2015). This method is the most used approach to explore uncertainty in the
context of biophysical and micro- or macroeconomic research problems (Graveline et al. 2012).
Several studies have used this method to assess the impacts of economic trend scenarios on farm
income. For example, Kabura (2007) and Marz (1991) simulated product price changes and
determined the effects these changes had on the stability of farm income in Kenya and Syria.
Graveline et al. (2012) used Monte-Carlo simulation in combination with linear programming to
predict farm income in two French regions based on different scenarios of water abstraction for
irrigation and nitrate leaching into groundwater. Liu et al. (2015) simulated the economic costs

and benefits at farm-household and regional scales and identified variables with the most
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influence on economic performance of climate resilience strategies. Lauwers et al. (2010)
simulated income risk factors and volatility in capital return of organic agricultural activities on
eight crops. Rauh et al. (2007) and Kroeber et al. (2007) explored economic risks in agricultural
production of fuel wood and in biogas plants and demonstrated the impact of uncertainty
variables on the economic performance of both production systems. The usual disadvantage of
this method is that value allocation to each uncertainty variable is random and does not consider
the interrelationship with other uncertainties. Thus, a large number of modes in the simulation
output use unreal or unlikely combinations of the uncertainty variables (Rezaie et al. 2007).

We used the @Risk Monte-Carlo add-on for MS Excel v. 6.3.1 (Palisade Corporation 2016)
to simulate the impact that expected changes in product prices and production, or factor costs
had on net farm profit from animal and crop production for smallholders. We determined the
expected changes in product prices and production costs induced by the accession of Kyrgyzstan
to the EAEU through expert interviews described in section 5.3. Furthermore, we distinguished
between static and dynamic scenarios in our simulations. The initial analyses were performed
with fix parameters assuming that the expected changes in prices and costs will not induce
changes in production methods or land use by farmers (a scenario called ‘first-order change only’).
A second set of analyses was conducted to scrutinize the impact of such changes on farmers’
income (‘second-order change’) using the data on adaptation strategies. This captured the likely
development trajectories of the farm production system. To obtain this information, a group of
20 farmers was interviewed (see section 5.3) . Comparing the results of both analyses was deemed
suitable to further clarify the impact of Kyrgyzstan’s accession to the EAEU on smallholder
farmers.

We determined a triangular probability distribution for each uncertain independent
variable by collecting information on the expected minimum, maximum, and most likely value
(mode) for each input variable from expert interviews (Figure 12). A uniform distribution, which
gave all values within the range of minimum and maximum an equal chance of occurrence, was
used if a mode value was not given. We conducted 1000 Monte Carlo simulations to determine
the probability distribution and cumulative distribution functions for net farm profit and related
output variables, such as revenues and expenses of each production method, assets and profit
margin, and on-farm income. The Latin hypercube sampling procedure was used. The sensitivity
of simulated outputs to variations of the uncertain values was assessed by calculating the rank

order correlation coefficient with @Risk, which was expressed in “Tornado” diagrams.
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Figure 12 lllustration of the modelling approach pursued. Adapted from Azarov et al. (2019)

5.5 Calculation of gross margins and winter fodder availability
5.5.1 Calculation of gross profit margins in animal and crop proidcution

We computed the gross margins (GM) to assess the farmers’ operational performance in livestock
and crop production. The GM was calculated as gross income/revenue minus direct variable costs.
The higher the GM, the more money will be left towards paying the fixed costs, and hence
maximizing the GM is equivalent to maximizing the profit. This method helps to quantify the
farmer’s investment, operating costs and the output of their production i.e. effectiveness of
production techniques. Values were calculated based on actual farm gate prices. All feeding costs

were included as variable costs, which also included payment for herders’ services and fees for
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pasture use. Animal activities included their replacements, culling (price for old animals), animal
mortality (loss of breeding, calves/lambs) and annual offspring. The costs for the feeding of dairy

cow, mare, sheep and goat included fodder for offspring.
5.5.2 Calculation of fodder energy value, digestibility and forage intake of animals

The quantity of feed obtained annually from different cropping systems was calculated by
multiplying the number of hectares of each crop type by its respective yield. The amount of
purchased feedstuff was added to the quantity obtained from farms. The feedstuff demands for
the various types of animals were computed based on their gross energy (GE), which was
converted into metabolizable energy (ME) in dry matter (DM) and used with varying efficiencies
according to maintenance, growth, milk, gravidity, and motion expressed in megajoules (MJ/kg
DM) (for dairy cows MJ NEL; Net energy content for lactation). The average nutritional values
(mid-quality) of certain fodder types were taken from the Fodder of USSR book (Tommea 1964),
as well as from the German Agricultural Society’s feeding Value Tables (DLG 1997). The feed
requirements (energy and protein supply) for animals were taken from publications of the
Bavarian Regional Office for Agriculture considering feeding norms for ruminants and horses
according to live weight and daily fodder intake (LfL 2010, 2017) (Appendix 4).

The total livestock population of the interviewed households was converted to a livestock
unit (LU). Conversion factors recommended by Government Decree No. 386 of 19 June 2009
(Isakov and Thorsson, 2015; Government of the Kyrgyz Republic 2010) were used. Therefore, a
conversion factor of 0.20 was used for sheep and goats and a conversion factor of 0.8 for horses
according to official recommendations. The DM requirement of an animal was calculated based
on the daily DM requirement of 300 kg dual purpose cattle (equivalent to one LU) with an average
maintenance requirement ranging from 7.5 — 10.3 kg DM per day and animal on average,
depending on the quality and energy value of the feedstuff.

The feeding calendar was created to determine the annual winter feed balance, total
livestock feed produced from different feed sources, total livestock units, and their winter
maintenance requirement. The winter maintenance requirement of the animals was calculated
and subtracted from the total livestock feed produced or purchased per year. If the amount of
feed stored per year was above the maintenance requirement of the animals, feed was in excess
of the maintenance requirement, otherwise there was a deficiency of livestock feed in farm-

households. The resulting feeding calendar provides information about the opportunities and
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gaps in feeding during the year, the condition of the animals showing gains or losses, and, most

importantly, the grazing pressure on the available pasture in a given period of time.

6. Results

This chapter elaborates the pre-conditions of agricultural production, general livelihoods such as
study site borders, biophysical, and agro-ecological, and subsequently farming system
development. As noted, data on smallholder farming systems were collected in different
mountain regions of Kyrgyzstan at different times. The purpose of this design was to compare the
agropastoral production systems common to the Central Tien Shan mountains with the
dominantly silvopastoral systems of south-western Kyrgyzstan. These areas also differed with
regards to climate, elevation, and regulations that affected the use of available natural resources,
as well as the status and development of resource degradation. Based on these aspects, the
analyses conducted to differentiate mountain farm types focused conditionally into two sub-
areas: south-western and central Tien-Shan mountains The separate overview of general
characteristics and conditions in the study sites is the basis for the selection of classification
variables for these two sub-areas. Thus, the results of the farm classification using cluster analysis
are presented separately for silvopastoral and agropastoral farms. Herein the results of the farm

classifications are the base for the comparative farming systems analyses.

6.1 Results of Objective 1: to classify farm populations into distinct groups,
homogenous in their farm organization, actual economic performance, and

development constraints

6.1.1 Socio-economic characteristics of farm-households in the south-western Tien-Shan

mountains

This section is answering research question 1 about the prevalent farming systems in south-
western Tien-Shan mountains, research question 2 about methods suited to classify these farming

systems.
6.1.1.1 Collection of NTFPs

Discussions with local forestry specialists, representatives of local government experts, and the
farm households themselves were conducted to obtain general information on local livelihoods.

These discussions revealed that walnut-fruit forests play an important role in the rural economy.
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In these forests, local households are mainly involved in the collection of walnuts (Juglans regia)
and other edible NTFPs such as berries (Rubus occidentalis L., Rubus fruticosus L., Berberis vulgaris
L.), mushrooms (Morchella sp.), wild garlic Allium sativum L., wild apples (M. sieversii, M.
niedzwetzkyana), wild rosehips (Rosa sp.), wild plum (Prunus sogdiana Vassilcz.), and hawthorn
fruits for medicinal purposes (Crataegus knorringiana Pojark. and C. pontica K.Koch). The rules of
NTFP collection are regulated by local forestry units or nature reserves and differed from village
to village because of the status of the forests where the farming population lived (see section
5.1.1). Forinstance, among all NTFPs, walnuts were assessed as the most important forest product
by farmers and represented the highest values in Kara-Alma and Arkyt villages, while wild
raspberries were the most valuable in Kashka-Suu village since there were no walnut forests in
this village. Wild apples and wild pears were evaluated by farmers as the next most important
forest products in Kara-Alma village only, while mushrooms were assessed as another highly
valued NTFP in all villages. In Kara-Alma, the importance of wild apples and pears was very
important when there were limited opportunities to harvest walnuts. Although almost all of the
surveyed households collected various NTFPs in some quantities; about 70% of households
collected NTFPs specifically for sale, keeping the remaining portion for their own consumption.

This indicated that collection of NTFPs was mostly market oriented (Table 1).

Table 1 List of major NTFPs for sale and family consumption

NTFP Latin name For sale Family consumption Processing**
Walnut* Juglans regia v v x
Wild apples* Malus niedzwetzkyana® v x x
Malus sieversii® v x x
Wild pear* Pyrus asiae-mediae v x x
Pyrus turcomanica’ v x x
Wild raspberry*  Rubus occidentalis v v v
Rubus fruticosus v v v
Barberry Berberis vulgaris v v x
Rosehip Rosa sp. v v x
Mushroom Morchella sp. v v x
Hawthorn Crataegus knorringiana” x v x
Crataegus pontica’ x v x
Plum* Prunus sogdiana’ v 4 x
Wild garlic Allium sativum v v x

*The proportion of sales exceeds 90% of the total collected NTFPs; ** It refers to the processing of NTFPs only for family
consumption (e.g., jams, drying). NTFP — non-timber forest product; endangered species.
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6.1.1.2 Animal husbandry

Livestock was another significant source of income in silvopastoral households and provided a
cash savings account for farmers. Local steppe cattle, horse breeds suited for milk and meat, and
fat-tailed sheep suited for meat production dominated. Households had an average herd of 6.5
LU, and a typical herd consisted of cattle, horses, and a small number of sheep (very rarely goats).
Average dairy milk productivity was 500 kg for a cows’ lactation cycle and =150 kg carcass weight
per cow. Local experts assessed these values as mediocre given that the farm production system
was characterised as low input and low output. Animals were raised mainly for sale (26% of herd)
as the proportion of animals annually slaughtered for family consumption was negligible (about
2% of herd). Sheep and goats were mainly slaughtered for family consumption, while cattle and
horses were only slaughtered on rare occasions, such as weddings and funerals, when many
villagers were invited to such traditional events. Farmers preferred to keep more cattle and horses
rather than sheep and goats, as the latter were considered unsuitable for grazing in the vast
forested areas due to the frequent loss of sheep. Farmers also preferred to keep sheep rather
than goats because goats harm young fruit trees and the market price of goats was much lower
than sheep with the same upkeep cost per animal. Unlike sheep and goats, cattle and horses are

self-sufficient and do not require constant supervision.

6.1.1.3 Crop cultivation and other farm income sources

Farm households in Kara-Alma and Arkyt villages did not have arable lands and even when such
land was available (e.g., in Kashka-Suu village), these were not cultivated due to the lack of
irrigation systems. As such, cultivation occurred mainly on small plots of land (kitchen gardens)
ranging from 0.05 to 0.3 ha in size. While mainly vegetables were grown largely for subsistence
consumption, there were also some fruit trees (e.g., plums, apples) in these kitchen gardens. Most
farmers have forest meadows that are informally allocated to households in the 1990’s or earlier,
where a small part of winter fodder (mainly hay) was collected. In Kara-Alma village, hay yields
were low because the meadows were not hedged and animals grazed in these meadows.
Revenues from sale of cultivated products, such as plums and vegetables from kitchen gardens,
were negligible, while the sale of meadow hay was not observed in any farm-household (fed
entirely to owner’s herds). In contrast, the sale of processed dairy products was a significant part

of farm income, with more than 90% produced for sale, indicating the importance of keeping dairy
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cows. In all villages, honey production has developed in recent years, and the number of

beekeepers was increasing. Of the surveyed households, about 10% had apiaries.

6.1.1.4 Income sources from non-agricultural activities

The income derived from off-farm activities substantially contributed on average to total family
income. However, opportunities for non-agricultural employment and off-farm business
opportunities were generally low in all three villages. External migration and remittances (mostly
from Russia) played a huge role in the household economy and accounted for almost half of all
off-farm income. According to farmers and local experts, migration has become an integral part
of village life and has intensified over the last decade, mainly to compensate for the erratic walnut
yields in Kara-Alma and Arkyt, while in Kashka-Suu mostly due to low opportunities for non-
agricultural employment. Pensions and salaries from public institutions represented the second
most important source of total non-agricultural income, while the income from self-
employment/private business (e.g., shops, taxi drivers, tourism) and employment in the private
sector was third in importance in total off-farm income. Tourism was booming, particularly in two
villages, Arkyt and Kashka-Suu, because of the natural attractions. Villagers tried to capitalize on

increasing tourism by selling farm produce or providing services to tourists.

6.1.1.5 Agricultural markets

The markets (in fact souks or ‘bazaars’ in Kyrg.) where mainly livestock and crops are sold are
found at distances of 12 to 50 km away from farms and are relatively easily accessible by transport
facilities. Farmers mainly sold livestock in these bazaars; these are open daily, but the selling and
buying of livestock was done only on weekends depending on the village and region. Farmers also
sometimes bought winter fodder such as grain and hay at these markets. Direct sales of NTFPs at
these markets were almost non-existent. As in the villages, local resellers bought not only forest
products, but also dairy products and crop produce from the yard. In recent years, the number of
private hay sellers bringing fodder directly to the villages has increased. Some farmers bartered
with such sellers, i.e. hay in exchange for NTFPs. In each village there were stores where food and

other household goods could be purchased.

6.1.1.6 Reasons of forest pasture degradation.

More than 90% of winter fodder for livestock was purchased because farm households usually did

not have substantial arable land to cultivate fodder crops. According to most farmers, total stored

39



winter feedstuff (both collected from meadows and purchased) was not sufficient for their herds.
Due to the lack of pastures, local silvopastoral households grazed their herds in designated forest
lands, although grazing often occurred where it was forbidden. The pasturing period could extend
up to 12 months, depending on environmental conditions, primarily to reduce the amount of
fodder required during winter. In general, there was a shortage of fodder during winter, animals
became emaciated, and farmers were forced to graze animals in forests to browse on plant
remains such as branches and the bark of trees (e.g., wild apple). Grazing impacts are exacerbated
by the growing number of livestock. Livestock numbers have doubled in the last decade, according
to local nature reserve and forestry unit experts. According to the farmers interviewed, there is
no illegal logging anymore; illegal logging occurred in the 1990s to early 2000s, when the country
was in transition and the economy as a whole was in decline. The perception of degradation was
discussed controversially, for example, more than half of the surveyed farmers do not see much
degradation in the forests, comparing the condition of the forests in the 1990s, while at the same
time reporting that the forests have become thinner and old, and there is increasingly less in the

forests.

6.1.2 Selection of classifiaction variables for farm populations in south-western Tien-Shan

As already described in the literature review and the methodological section of this study,
classification of farming systems can be carried out with different purposes, and it is obvious that
results of clustering procedures were heavily influenced by the selection of input variables. The
classification results can therefore only be valuable with respect to their purposes and uses. The
purpose of classification in this study is to find farm classes that are homogenous in their resource
availability and use, production systems, socio-economic performance, needs, as well as
development constraints, which are related to pasture and other resource degradation and
management. Therefore, classification parameters that reflect the agro-ecological conditions,
farm-households’ resource base and its use, agricultural production systems, as well as off-farm
activities were selected. Eighteen classification variables were selected that show mostly high
variations, which in turn are one of the preconditions for satisfactory classification of farm

populations (Table 2).
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Table 2 Quantitative variables from questionnaires used in PCA (n = 220)

#  Variables Minimum Maximum Mean Std. Dev.
1 Village/farm elevation, m above sea level 1255 1505 1414 92.8
2 Distance to market (km) 11 55 33.6 16.0
3 Annual walnut revenues (USD?) 0 10,628.2 2104.8 2328.9
4 Annual wild apple revenues (USD?) 0 531.4 78.9 116.9
5 Annual other NTFPs revenues (USD?) 0 1003.8 183.7 216.3
6 Days for walnut collection (day/year) 0 120 44.9 36.1
7  Days for NTFP collection (day/year) 0 59 15.6 16.6
8 Transportation costs of all NTFP (USD?) 0 200 101.3 46.8
9 Total herd size (LU?) 0 20.1 6.5 4.3
10 Number of cattle (LU?) 0 13 4.1 2.5
11 Number of horses (LU?) 0 12.3 1.8 2.3
12 Average winter fodder expenses (USD?) 0 3309.9 818.4 674.6
13  Other farm income? (USD?/year) 0 3678.6 617.3 1255.7
14 Revenues from dairy products (USD?) 0 2952.3 355.4 547.5
15 Total off-farm income (USD?) 0 6140.8 2087.2 1536.0
16 Total number of migrants (person) 0 3 0.6 0.6
17 Size of arable land (ha) 0 0.22 0.03 0.06
18 Size of leased forest (ha) 0 20 3.3 4.2

1In USD: average exchange rate in July 2021, $1.00 = 84.68 Kyrgyz som (adapted from www.oanda.com).
2Livestock unit, one LU corresponds to one cattle, 0.8 horses, or 5 sheep/goats.
30ther farm income includes income from the sale of dairy products, crop products and apiaries.

NTFP — non-timber forest product.

6.1.3 Principal component analysis

As already mentioned, the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and the
Bartlett test of sphericity were conducted to check the suitability of the selected variables for PCA
assessment (KMO value 0.6 absolute minimum). A ‘middling’ KMO value (0.719) (Kaiser & Rice
1974; Shrestha 2021) and a significant Bartlett’s test of sphericity (level of 0.00) suggest that 18

classification variables are suitable for further analysis using PCA (Table 3).

Table 3 Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy and the Bartlett test of sphericity

Statistical Tests

Kaiser-Meyer-Olkin value 0.719

Bartlett's Test of Sphericity =~ Approx. Chi-Square 3090.0
df 153
Sig. 0.000

Kaiser-Meyer-Olkin value must be greater than 0.6.
Bartlett's Test (df: Degree of freedom, Sig: Statistical significance, p<0.00).
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Kaiser’s criterion is a powerful factor retention method because it is based on distribution
theory of eigenvalues, shows good performance, is easily visualized, and computed, and is useful
for exploratory factor analysis or PCA. Table 4 shows the rotated factor matrix of independent
variables with factor loadings. A common rule is to extract all the factors with Eigenvalues of 1.0
or more and the results show that five PCs had eigenvalues satisfying this criterion. The first
component explains 26.0% of the variability, the components 2, 3, 4 and 5 explain 17.3%, 14.4%,
10.4% and 8.1% of the variability, respectively. Together the components explained 76.3% of the

total variability.

Table 4 Principal components with eigenvalues above Kaiser’s criterion of >1

Total Variance Explained?

Initial Eigenvalues Rotation Sums of Squared Loadings

Factor Total % of Variance Cumulative % Total % of Variance Cumulative %
1 5.031 27.952 27.952 4.688 26.046 26.046
2 3.301 18.337 46.289 3.112 17.290 43.337
3 2.675 14.860 61.149 2.603 14.459 57.796
4 1.371 7.616 68.765 1.871 10.394 68.190
5 1.352 7.513 76.278 1.456 8.089 76.278
6 0.869 4.828 81.106

7 0.648 3.602 84.708

8 0.600 3.334 88.042

9 0.389 2.160 90.202

10 0.376 2.086 92.288

11 0.350 1.943 94.232

12 0.287 1.592 95.823

13 0.239 1.326 97.150

14 0.199 1.105 98.254

15 0.146 0.809 99.064

16 0.068 0.377 99.441

17 0.058 0.323 99.764

18 0.043 0.236 100.000

1Extraction Method: Principal Component Analysis.

Rotated factor (Varimax) matrix of independent variables with differential factor loadings
is also given in Table 5. Within each PC, variables with factor loadings >0.5 were retained, while
those with loading factors <0.5 were discarded. A closer look at each column helps to define each
component according to the strongly associated variables. PC1 contained seemingly different
variables, including geographic characteristics (distance to market) and agricultural resources
(significant size of arable land). The correlated variables of PC1 are related to farmers from Arkyt

and Kara-Alma villages, as they had the highest income from harvesting walnuts and wild apples,
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thus the highest time expenditure for collection and transportation costs of these forest products,
and farmers in these villages had leased forests and at the same time no arable lands. Also, these
villages are further away from markets. PC2 explicitly includes livestock production variables: herd
size, number of horses and cattle, and total value of winter fodder. PC3 consists of variables that
are related to farmers from Kashka-Suu village, where the elevation was the lowest among the
other villages and the collection of NTFPs other than walnuts was the highest due to the lack of
walnut forests. . PC4 covers all other income of the farm from the sale of dairy products, crop
products, honey (excluding income from the sale of animals). PC5 covers variables related to off-
farm income, such as total off-farm income, number of migrants who contributed to family

income through remittances.

Table 5 Rotated component matrix of classification variables with factor loadings grouped in five
principal components (PCs)

Principal Component!
Variables 1 2 3 4 5
Distance to market 0.922
Annual walnut revenues 0.859
Days for walnut collection 0.848
Size of leased forest 0.848
Size of arable land -0.793
Transportation costs of all NTFP 0.713
Annual wild apple revenues 0.624 0.537
Total herd size 0.910
Average winter fodder expenses 0.860
Number of horses 0.794
Number of cattle 0.730
Annual other NTFPs revenues 0.908
Days for NTFP collection (day/year) 0.906
Village/farm elevation 0.557
Total other farm income 0.781
Revenues from dairy products 0.767
Total off-farm income 0.828
Total number of migrants 0.814
five components extracted using orthogonal Varimax rotation method with Kaiser Normalization.
Associated variables with factor loadings >0.5 are allocated to the respective principal component.
NTFP — non-timber forest product.

6.1.4 Cluster Profiles of silvopatoral farming systems

High correlations disturb the classification and can lead to unwanted distortion and incorrect

clustering. A high correlation between two variables means that one of the variables accounts for
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most of the variability of the other variable. Using both variables is equivalent to giving a double
weight to one variable. Therefore, before conducting a cluster analysis using the K-means method,
we tested the classification variables derived from the PCA for correlation. The variables within a
PC with the highest loading coefficients and greatest standard deviations, namely ‘annual walnut
revenues’, 'total herd size’, ‘annual other NTFPs revenues’, ‘other farm income’ and ‘total off-farm
income’ were tested for correlations again. Within PC1 the variable ‘distance to market” which
has a highest loading factor was not taken because it had low standard deviation (cf. Table 2).
Because the selected variable 'total herd size’ of PC2 was correlated with the selected
classification variables of PC4 ‘total other farm income’ and ‘revenues from dairy products’ due
to larger dairy herd size in the farm-household and the greater marketing of dairy products. Since
the variable ‘total other farm income already includes the variable ‘revenues from dairy products’,
and its share in ‘total farm income’ was highest, this variable was correlated with ‘total herd size
as well. Therefore, both PC4 variables were removed (i.e., ‘other farm income’ and ‘revenues from
dairy products’). Table 6 shows four remaining variables that were not correlated with each other

and used further in the cluster analysis.

Table 6 Non-collinear variables used in K-means cluster analysis

Walnut Off-farm Herd size Other NTFP
Variables revenues income revenues
Walnut revenues ~ Pearson 1 -0.131 0.111 0.081
Correlation
Sig. (2-tailed)* 0.053 0.1 0.229
N 220 220 220 220
. i Pearson
Off-farmincome  Pearsor -0.131 1 0.13 -0.091
Sig. (2-tailed) 0.053 0.055 0.18
N 220 220 220 220
i Pearson
Herd size A 0.111 0.13 1 0.072
Sig. (2-tailed) 0.1 0.055 0.285
N 220 220 220 220
Pearson
it:eenru'gw Correlation 0.081 -0.091 0.072 1
Sig. (2-tailed) 0.229 0.18 0.285
N 220 220 220 220

The Sig. (2-Tailed) values are >0.05 indicating no statistically significant correlations among variables.
NTFP — non-timber forest product
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Three clusters were generated by the K-means method corresponding to three different
types of silvopastoral farming systems. Three clusters of farming systems were generated based

on a multivariate analysis as the prevalent systems in the south-western Tien-Shan study site:

—Cluster |: high forest product dependent silvopastoral farming system (HFD) with higher

NTFP income, medium-sized livestock herds, and low off-farm income;

—Cluster Il: middle forest product dependent silvopastoral farming system (MFD) with

moderate NTFP income, large livestock herds, and high off-farm income;

—Cluster lll: low forest product dependent silvopastoral farming systems (LFD) with low NTFP

income, small livestock herds, and moderate off-farm income.

These systems show distinctive differences in regard to their classification parameters
(Table 7). All variables were subjected to one-way analysis of variance (one-way ANOVA) to
identify significant differences among variables and subsequently farm types. All the selected

classification variables showed significant differences among classes (Appendix 5).

High forest product dependent farms (HFD)

These farm-households are the second largest cluster and represent 35% of the surveyed farms.
Farms with a large annual income from collecting and selling forest products ($4602), practicing
silvopastoralism with an average herd of 5.48 LU and a total value of 3826 USD were grouped into
this cluster. Farm-households in this group have leased forests because farmers in this group were
entirely from the village of Kara-Alma, where leasing forests, primarily for walnut collection, was
allowed. This cluster is also characterized by the lowest income from off-farm activities (51429)

and the greatest share from remittances (61%) compared to other clusters.

Middle forest product dependent farms (MFD)

These farm-households is the smallest cluster representing 19% of all surveyed farm-households.
The cluster is classified as farms with moderate annual NTFP income of 1911 USD and the largest
livestock herds (12.8 LU), with an average total value of 8010 USD. Farmers in this cluster were

mainly from Arkyt, with a smaller amount from Kara-Alma village, who did not have leased forest
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land. Compared to first type, the smaller revenues from walnut collection in Arkyt village were
attributed to collection limitations for Arkyt farmers and the lack of leased forests for Kara-Alma
farmers. Farmers had the highest income from off-farm activities among all clusters (on average,
$3231 per year). The share of remittances was also dominant compared to other off-farm income

sources—51% of total off-farm income.

Low forest product dependent farms (LFD)

These farms-households represent 46% of all surveyed farms and is the largest of the three
clusters. This cluster included farmers mainly from Kashka-Suu and fewer from Arkyt and Kara-
Alma villages. Farmers are characterized by low NTFP income ($604 per annum), small herd size
(4.63 LU) and moderate off-farm income ($2114 per annum on average). Although remittances

dominated total off-farm income (37%), this share was the smallest among the three clusters.

Table 7 Characteristics of the silvopastoral farming systems in south-western Tien-Shan
according to their classification parameters

Clusters/Types of farms

HFD MFD LFD
Variables (n=77) (n=42) (n=101)
Average annual walnut revenues* (USD") 4352 1911 472
Average annual NTFPs revenues* (USD") 250 186 132
Herd size* (livestock units) 5.48 12.83 4.63
Off-farm income* (USD") 1429 3231 2114

*Statistical significance, p < 0.05.

*In USD: average exchange rate in July 2021, $1.00 = 84.68 Kyrgyz som (adapted from www.oanda.com).

HFD - high forest product dependent farms; MFD — middle forest product dependent farms; LFD - low forest product
dependent farms; NTFPs — non-timber forest products.

In following subchapters, detailed analyses of available resources, their use, farm
management features and performance, as well as the role of non-agricultural activities of each
type of farming systems are presented. Of particular interest are the resource use patterns of
both NTFP collection and grazing practices in forest pastures and the issues associated with these

activities.
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6.1.5 Resource management and socio-economic performance of farming systems in

south-western Tien-Shan mountains

This section is answering research questions 3 about the characteristics of the farming systems
and how can they be differentiated based on resource allocation, socio-economic performance,

agricultural production methods and off-farm income sources.

Family labour resources are analyzed here in the context of the family member’s characteristics
and available labour capacities, seasonality, and economy. Special attention is paid to human
resources, i.e. family labour in terms of their inputs in agricultural production, in NTFP harvesting,
and off-farm activities and their contributions to family income.

The ages of the family heads varied within and among farming systems and ranged on
average from 54 (HFD) and 58 years (MFD) (Table 8). The share of the interviews with female
family heads was in HFD 11%, while in MFD and LFD, 5% and 9%, respectively. The average family
size in LFD was smallest (between 5.5 and 6.6) and statistically significantly different from the
other two clusters. Most of the families in each farming system (especially in HFD and MFD) were
extended families living in the same household (most often parents and their children including
spouses and grandchildren). This would explain the fact that the number of adult family members
prevailed.

The available labour resources were engaged in different ways by different farming
systems. Most intensively, the available labour force in HFD and MFD was engaged primarily in
the harvesting of NTFPs (mainly walnuts), which required all available labour in the family during
the harvest season (late summer to late autumn). For instance, the duration of the walnut harvest
in HFD and MFD was the longest, 70 and 54 days respectively, with almost all family members
involved in the harvesting. In contrast, LFD farmers spent much less time (21 days) harvesting
walnuts and the harvesting was conducted by male family members hired in a neighbouring
village where walnut forests were available. Much less time was spent on collecting other NTFPs
compared to walnuts in all groups, although LFD farmers collected wild raspberries by all family

members, while in most cases male family members in HFD and MFD collected other NTFPs.

47



Table 8 Labour resources and labour input in various family activities in south-western Tien-
Shan mountains

Clusters/Types of farms

HFD MFD LFD
(n=77) (n=42) (n=101)

Family size, persons 6.62 6.64 5.48
(Std. dev.) (1.95) (1.44) (2.00)
Male child (0-10) 0.83 0.86 0.85
Male child (11-17)]0,5|LF 0.65 0.69 0.45
Men >18/|1,0|LF 1.83 1.98 1.43
Female child (0-10 0.90 0.81 0.72
Female child (11-17)/]0,5|LF 0.61 0.55 0.52
Women >18 |1,0|LF 1.79 1.75 1.54
Total available labour force (LF) 4.25 4.35 3.46
Walnut collection, day/year 70.3 54.3 21.4
(Std. dev.) (22.7) (35.5) (28.8)
Collection of other NTFPs, day/year 21.6 15.1 11.3
(Std. dev.) (15.8) (13.6) (1.5)
Family members with off-farm income 0.78 1.36 1.53
(Std. dev) (0.86) (1.13) (1.01)
Number of migrants 0.50 0.69 0.67
(Std. dev.) (0.67) (0.46) (0.57)

HFD - high forest product dependent farms; MFD — middle forest product dependent farms; LFD - low forest product
dependent farms; LF — labour force; NTFP — non-timber forest product.

Off-farm employment was also another important activity where inputs of human
resources were required, particularly in LFD and MFD, but unlike NTFP collection it was not
seasonal, but more continuous requiring the constant engagement of more than one adult family
member in these farming systems. In HFD, involvement in off-farm activities was the lowest
among the clusters. In the agricultural sector, the involvement of family labour in livestock
production was dominant as crop production only took place in home gardens and meadows (hay
collection) and the input of labour increased in summer. The duration of work in gardens was
short, not more than an hour a day, and was mainly done by female members of the family, while
hay harvesting from meadows was the work of men. As a rule, hay was cut by hand for a few days
and brought in by truck, less often by horse-drawn cart. Here it should be noted that meadow
mowing was done in MFDs and LFDs, while in HFD the number of farmers mowing hay from forest
meadows was negligible because meadows were not fenced, and animals grazed in these
meadows. In a year, farmers mowed grass only once. In animal husbandry, feeding, milking dairy
cows, and grazing engaged family labour for generally a couple of hours a day regardless of the

season and herd size in all clusters.
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All interviewed farmers had kitchen gardens, the largest sizes were in HFD (0.14 ha) and LFD (0.23
ha), while in MFD the average size of kitchen gardens was the smallest (0.09 ha) (Table 9). These
gardens were mainly used to grow vegetables and fruit trees, mostly for their own consumption.
Only LFD farmers had arable land as such, but it was fallow due to lack of irrigation systems.
Leased forests were available only to HFD farmers, with an average size of 7.2 ha. Forest meadows
were available for all, but their average size was highest for MFD and LFD farmers; moreover,
almost 90% of the farmers in both groups harvested hay. In contrast, HFD farmers had on average
the smallest meadows and more than 90% of the farmers in this group did not harvest hay.

The calculation of pasture area per farm was not possible, according to workers of the local
administrations, specially allocated land for grazing in recent years is under severe pressure as
the number of livestock increases every year in all villages. No clear measures to determine the
carrying capacity of the allocated forest pastures were available in any village. The situation is

further complicated because farmers conceal the actual number of livestock.

Table 9 Forest and land resources of farm-households in south-western Tien-Shan mountains

Clusters/Types of farms

HFD MFD LFD

(n=77) (n=42) (n=101)
Leased forest (ha) 7.20 0.00 0.00
Arable land (ha) 0.00 0.00 0.12
Kitchen garden (ha 0.14 0.09 0.23
Meadow (ha) 0.10 0.50 0.60

HFD - high forest product dependent farms; MFD — middle forest product dependent farms; LFD - low forest product
dependent farms.

The main costs in the collection of walnuts and wild apples were the transport costs from the
forest to the farmyard for HFD and MFD farmers. In HFD, in addition to these costs there were
the costs of hiring collectors (from the village or neighbouring villages) who were paid 10-12 USD
per day or gave them half of the walnut crop they harvested. The collection of other NTFPs did

not incur any external costs. Family labour was not included as expenditure because of the overall
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low employment rate in all villages. Thus, the share of all expenditures from NTFP collection was
9%, 4% and 2% of all revenues, for HFD, MFD and LFD farmers, respectively.

HFD farms had largest annual net income from collecting and selling forest products
(54188). Farm-households in this group leased forests with an average area of 7.2 ha. It is not
surprising that the farmers in this group were entirely from the village of Kara-Alma, where leasing
forests, primarily for walnut collection, was allowed. Walnut harvesting income dominated in this
farming system. There were no official restrictions for farmers in this group to collect them.
Farmers tried to harvest walnuts cleanly from their rented plots, as other residents could also
harvest walnuts secretly. The level of income from the collection of other NTFPs (i.e., excluding
walnuts) depended on the availability of labour and transport capacity (including horses) on the
farm. About 15% of farmers in this cluster lacked labour and did not collect other NTFPs, while
64% of farmers who collected other NTFPs joined with other farms to collect and sell NTFPs (e.g.,
wild apples). The average annual income from other NTFPs was 227 USD (Figure 13), with the
collection and sale of wild apples accounting for 69% of other NTFPs. Mushrooms (12%), wild
onions (9%), rosehips (7%), and red and yellow hawthorns (4%) accounted for the remainder of
the collection and sales from other NTFPs. Hiring additional labour for walnut collection occurred
only in HFD; on average, 45% of surveyed farmers hired people during the last three years.

However, during a good walnut harvest, this increased to more than 70%.
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Figure 13 Income contibutions from collecting NTFPs of high, middle and low forest dependent
farms (HFD, MFD, LFD) in south-western Tien-Shan, USD

MFD had moderate annual NTFP net income of 1908 USD. Farmers in this cluster were
mainly from Arkyt, with a smaller amount from Kara-Alma village who did not have leased forest
land. Compared to , HFD, the smaller revenues from walnut collection in Arkyt village are
attributed to official restrictions NTFP collection and the lack of leased forests in Kara-Alma.
Income from walnut harvesting also dominated in this farming system. As there were no leased
forests in this farming system, farmers were only allowed to harvest walnuts in precisely defined
areas (mostly near the villages) which were defined by the nature reserve. In fact, farmers would
go into the forest and harvest walnuts wherever they found it and even in forbidden forest areas.
There was not an informal division of forest plots within the MFD, and the collection of walnuts
was done in an opportunistic manner, i.e. those who saw it first would take it. The annual share
of revenues from other NTFP collection (excluding walnuts) was 169 USD on average. Similar to
the HFD farm system, wild apple revenues dominated and accounted for 55% of total other NTFP
revenues, while mushroom and wild onion revenues ac-counted for 27% and 8%, respectively.
NTFPs such as hawthorn and rosehips accounted for the remaining 10% of other NTFP revenues.
Most of the NTFPs were collected by farmers from Kara-Alma village, while Arkyt farmers

collected only mushrooms.LFD included farmers mainly from Kashka-Suu and fewer from Arkyt
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village characterized by low NTFP income ($604 per annum). Annual income from other NTFPs
was the least among all clusters ($120), likely due to limitations and restrictions on the collection
and because no walnut forests existed in Kashka-Suu village. Furthermore, only a few farm-
households were hired to collect walnuts in a neighboring forest preserve where it was allowed.
In Arkyt village, the small walnut revenues were attributed to the lack of labour resources. Other
NTFP income was dominated by wild raspberries (89%), while the contribution from selling wild
apples and mushrooms constituted only 1% and 10% of other NTFP income, respectively. It is
worth noting that walnuts, wild apples and wild raspberries, which had the highest contribution
to NTFP income, were collected exclusively for sale in all types of farming systems because more
than 95% of these forest products were sold. Other forest products such as mushrooms,
hawthorn, wild onions had the smallest and insignificant contribution to the total NTFP income,
most of which was destined for family consumption. NTFPs were sold in the vast majority of cases
to resellers who came to the villages. Sales of processed NTFPs were not observed in any group
of farming systems. In general, it should be said that farmers harvested those NTFPs that were in
demand by resellers, otherwise they harvested NTFPs in small quantities for family consumption
(barberry, rosehip, hawthorn). For example, in MFD and LFD, farmers tried to collect barberry,
hawthorn and rosehip for sale, but there was no demand for such products from resellers.
Moreover, there was a total or partial ban on the collection of most NTFPs except for some, for
example LFD farmers were only allowed to collect wild raspberries, while MFD farmers were only
allowed to collect walnuts in certain parts of the forest (mostly close to the village), but farmers

in this group collected walnuts anywhere they were found.

Non-agricultural activities were an integral part of the livelihoods of all farming systems and
contributed a significant portion of the family income. Figure 14 shows the total income from off-
farm activities and the contributions from each type of off-farm source of income. HFD is
characterized by the lowest income from off-farm activities of 1429 USD while MFD farmers had
the highest income from off-farm activities among all clusters on average, 3231 USD per year as
well as the greatest share from remittances (61%) compared to other clusters. Farmers in the LFD
farming system obtained moderate income from non-agricultural employment — an average of
2114 USD per year. Notably, remittances were predominant in all farming systems. In HFD and

MFD farms, remittances decreased in years when there were good walnut harvests with family
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members typically returning to their villages and helping with walnut harvesting and staying home
for extended periods. According to the farmers of these groups, in bad harvest years migration
both internally and externally increased to compensate for lost income from NTFPs. In contrast
to these two farming systems, for LFD farmers, remittances were constant and have been
increasing in recent years due to generally low employment opportunities in villages. The main
remittances came from Russia (80%), the remainder (20%) from countries like Turkey, South
Korea, Eastern European countries, and, less frequently, from USA. Remittances were mainly (75-

84%) transferred by male family members.
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Figure 14 Income contributions from different off-farm activities of high, middle and low forest
dependent farms (HFD, MFD, LFD) in south-western Tien-Shan mountains, USD

Pensions and the public sector were also important, together accounting for 26%, 28% and
31% of total off-farm income in HFD, MFD and LFD, respectively. Income from the public sector
and pensions of female and male family members were almost equally engendered in all farming
systems. In the public sector, family members were employees of local administration, forestry

units, schools, and nature reserves. Income from employment/private business was high in MFD
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and LFD and lowest in HFD. A larger share of this activity was seasonal employment as
construction labour in the residential villages (34%-48%) and taxi drivers (15-37%), in which male
family members were engaged. Small village shopkeeping was observed in all villages, with 2-4%
of the family members engaged. Family engagement in tourism was high in MFD and LFD (10-25%
) because of the natural attractions, while the percentage of HFD farmers engaged in tourism was
negligible. MFD and LFD farmers tried to capitalise on the growing tourism by selling farm produce

or providing services to tourists.

Livestock was, as noted, a significant source of income in silvopastoral households and most
important cash savings account in all three types of farms. Cattle and horses dominated the total
herd composition; sheep herds were small and averaged no more than 6 sheep per farm. Raising
chickens supplemented the production of chicken meat and eggs, mainly for home consumption.
According to farmers from all groups, the number of livestock in their farms increased by 1-3 LU
over a recent decade, MFD farmers increased their herd sizes the most. The increase in livestock
was marked by the fact that farmers invested more remittance money in livestock production, i.e.
for the purchase of additional livestock.

Figure 15 illustrates herd size and composition of silvopastoral farming systems. HFD
farmers had a moderate herd size (5.48 LU) and it consisted of local steppe cattle (67% of total
animals), horses suitable for milk and meat production (27%), and sheep suitable for meat
production (6%). Farmers raised livestock mainly for sale, with an average of 28% of their herd
sold annually, with the remainder kept for herd reproduction. The share of slaughtered animals
for household consumption was negligible in this cluster. The average MFD herds were largest
among the clusters and amounted almost 13 LU per farm. These were composed of cattle (53%),
followed by horses (35%) and sheep (12%). Because the herds were quite large, the share of sold
livestock was greatest in this cluster (36%), and the slaughter of livestock for family consumption,
although small (5% of the herd on average), was the greatest among all clusters. LFDs had the
smallest herds, with the share of cattle highest among the clusters (73%), while horses accounted
for only 20% of the total herd. The share of sheep/goats was 7%, which was similar to HFD. The
share of livestock sold from LFDs was the least of the three clusters — 14% of the total herd, which

is not surprising considering the small size of the herds.
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Figure 15 Average herd sizes of farm-households of high, middle and low forest dependent
farms (HFD,MFD and LFD) in south-western Tien-Shan mountains

The gross margin (GM) per livestock unit and economic outputs of animal production are
based on the arithmetic average of the sample population (Table 10). The table shows the gross
margin for each type of animal in terms of one livestock units (LU), i.e. a cow makes one LU, and
a horse is 0.8 while 5 sheep/goats equates to one LU. The structure of benefits and costs revealed
that generally the major cost factors that influenced gross margins per livestock unit were winter
fodder and the replacement of animals. Other variable costs included medicine, veterinarian
services, and feeding of offspring, which were much less than winter fodder costs. The upkeep
cost of sheep in HFD and LFD was unknown as farmers bought ewes or young rams and fattened
them for a month in barns, then sold them and reportedly made a profit of 15-26 USD per fattened
ewe/ram. The GM for raising animals varied and was positive, with values ranging between 76
USD/LU for sheep and 446 USD for horses. Mares had the highest GM per LU in all groups of farms
and among animal types within groups due to high market prices and low feed costs as horses
were grazed year-round. Cows were the second most profitable animal in all groups due to the
high price of offspring, milk, and culling, while sheep had the lowest margin per LU in all farms.

Overall, the comparison of the GM among clusters show that the highest GM per LU and animal
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types were in the LFD farm group due to higher milk productivity of dairy cows and the sale of
animals at high market prices compared to the other clusters. The gross margins of dairy cows,
mares, and sheep were about the same in HFD and MFD. It is noticeable that gross margins of
mares were the highest in all clusters, as horses, including mares and foals, usually graze in
pastures for up to 12 months, resulting in low feeding costs (half as much as dairy cows). The gross
margins of the entire herd owned by MFD farmers were the highest ($2733), more than double
those of other types of farming systems. Gross profit of the entire herd of LFD farmers ($1373)
was higher than that of HFD farmers ($1066), although LFD had the smallest herds among clusters.
Most farmers sold cattle in autumn when the animals returned fat from remote pastures, but it
is noteworthy that 40% of LFD farmers sold cattle in winter and spring when livestock prices were
generally high. Overall, results show that LFD farmers were more productive in livestock

production compared to the other farming systems.

Table 10 Gross margins in livestock production

HFD MFD LFD
Dairy Dairy Dairy
cow Mare  Ewe* cow Mare Ewe cow Mare  Ewe*
Gross output:
Milk yield, USD 77 - 118 - - 154 -
Wool/hair, USD - - - - - -
Offspring?, USD 353 433 351 454 434 511 178
Culling?, USD 111 108 121 110 0 120 101
Gross benefit, USD/LU 540 541 591 565 588 631 279
Variable costs:
Herd replacement3, USD 96 124 110 120 - 110 93
Milk for offspring, USD 45 - 65 - - 35 -
Fodder (Hay/cereals), USD 133 66 111 106 139 63 69
Service of herder, USD 0 0 0
Medicine, vet service, USD 24 12 20 25 16 12 11
Total variable costs, USD 350 202 307 251 155 185 173
Gross margin, USD/LU 190 339 89 284 314 76 433 446 106
(Std. dev.) (56.6) (119) (24.3) (553) (423) (16.3) (379) (212) (59.5)
LU* 2.3 1.8 0.3 4.5 4.4 1.1 1.8 1.3 0.3

Subtotal gross margins, USD/LU 435 602 29 1286 1366 82 769 570 34

Total gross margin for whole
herd, USD/herd
1price of offspring up to two years of age; loss of calves and foals deducted from offspring; 2cows and mares are used
for 7 years; loss of cows and mares deducted from culling; 3heifer, ewe etc.; *Livestock unit, one LU corresponds to
one cattle, 0.8 horses, or 5 sheep/goats; HFD - high forest product dependent farms; MFD — middle forest product
dependent farms; LFD - low forest product dependent farms.

1066 2733 1373
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The total forage resources available for livestock production were obtained mainly from
designated forest pastures located 12-15 km from villages, as well as designated pastures near
the settlements (usually for milking cows), limited and less frequently arable land, and kitchen
gardens of crop residues (grazing on arable land and meadows after harvesting). When pasture
vegetation senesced, animals were fed roughage, i.e. hay and small amounts of concentrated
fodder (barley, maize grain). Natural pastures, meadows, and purchased legume hay were the
dominant fodder resources in all villages, as livestock grazed in forests all year round and prepared
fodder was fed supplementarily, mainly in winter. Products such as grass silage were not used at
all. According to most farmers, the quality of purchased legume hay was perceived by farmers as
good, and considerably better than hay harvested from meadows which quality was rated by
farmers as mediocre.

The total quantity of available winter feedstuff produced and purchased by farmers is
shown in Table 11. More than 95% of MFD and 98% of HFD farmers purchased mainly meadow
and legume hay, maize stalks, and barley grains in addition to what was produced in their
meadows. LFD farmers harvested on average twice as much meadow hay compared to HFD and
MFD; nonetheless, the share of purchased hay was predominant in LFD (84%). About 30% of all is
farming systems purchased additional fodder in late winter or early spring, reflecting the shortage
of fodder during this period. On average, the total amount of winter fodder available for whole
herd was 6495 kg DM in HFD, 10580 kg DM in MFD, and 6004 kg DM in LFD farms. The winter
ration of cattle was undiversified and sparse, as it consisted entirely of roughage in the form of

hay and stalks. The proportion of concentrated feed in the form of barley was just over 2%.

Table 11 Total winter feedstuffs for herds in preparation for winter

HFD MFD LFD
Meadow hay (own), kg DM 87 498 952
Meadow hay (purchased), kg DM 3857 1306 75
Legume hay, kg DM 2011 7860 4224
Maize stalks, kg DM 224 250 544
Barley (grain), kg DM 316 612 208
Total feedstuff, kg DM 6495 10580 6004
(Std. dev.) (4671) (10414) (3941)

HFD - high forest product dependent farms; MFD — middle forest product dependent farms; LFD - low forest product
dependent farms; DM- -dry matter.
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The energy demand of an animal was determined by the maintenance requirement, which
is linked to live (body) weight, the energy needed for live weight gain and output (e.g., milk
production in dairy cows). Furthermore, the requirements for gravidity and motion were also
considered. However, practically, the amount of feedstuffs required for herd maintenance and
production depends on the feed energy content, its digestibility, and content of digestible protein
and other essential nutrients (Appendix 4). On average, the daily amount of DM needed per LU
or dairy cattle (300 kg live weight) ranged from 8.1 to 10.9 kg in winter (Table 12). The different
amounts of feed in the three farming systems can be explained by the fact that the proportion of
low-quality feed (meadow hay) was higher in HFD and MFD, while the proportion of higher quality
feed (legume hay) was significantly higher in LFD (cf. Table 11). On average, the total monthly
amount of DM needed per farm herd in HFD was 1559 kg DM, 3772 kg DM in MFD, and 1155 kg
DM in LFD. These monthly feed quantities were applied to the summer months and remained
constant over the entire year because during warmer months animals walked longer distances
and needed more energy for motion, while during cold months animals expended less energy in
motion but needed more energy to maintain optimal body temperature. Table 12 shows that the
approximate equal distribution of available feed for the different animals was not sufficient during
winter in the HFD and highly insufficient in the MFD, while the LFD had an adequate amount of

winter fodder.

Table 12 Required and actual feed intake for different types of livestock and the whole herd in
winter based on energy value calculations of available feedstuff

Necessary daily and monthly amount Actual daily and monthly amount
Dairy Total Dairy Total
cow/LU* Sheep Horse herd, kg  cow/LU* Sheep Horse herd, kg
(300 kg), (60 kg), (360 kg), DM/mon (300 kg), (60 kg), (360 kg), DM/mon
kgDM/da kg kg th kgDM/da kg kg th
y DM/day  DM/day y DM/day  DM/day
HFD 10.9 2.3 13.1 1559 8.5 1.7 10.2 1112
MFD 9.3 2.0 11.2 3772 6.1 1.2 7.3 2351
LFD 8.1 1.9 8.3 1155 8.1 1.6 9.7 1133

HFD - high forest product dependent farms; MFD — middle forest product dependent farms; LFD - low forest product
dependent farms; *Livestock unit, one LU corresponds to one cattle, 0.8 horses, or 5 sheep/goats; DM- -dry matter.

The ‘feeding calendar’ (Figure 16) illustrates the annual feeding opportunities and gaps in
the silvopastoral farming systems. Animals (except dairy cows) usually returned fat from the
remote pastures to the villages by late September/early October depending on weather

conditions and joined the dairy cows, which grazed year-round in the pastures near the villages.
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Until the onset of winter, all the animals were left grazing in the forest pastures and meadows
near the villages where they remained fat due to available fodder throughout the month of
October. From November onwards, following the arrival of snow cover, winter fodder stocks
usually prevailed as the major fodder source. However, depending on weather conditions, these
were supplemented by grazing in pastures and meadows near settlements.

From December onwards, animals of HFD and MFD farms typically suffered significantly
from the lack of fodder and started to lose body weight due to insufficient feeding. The lack of
winter fodder prevailed until April, as farmers tried to save their feed as long as possible from late
autumn until late spring. Animals of LFD farms, in contrast, did not suffer from lack of forage and
did not lose body weight throughout winter due to sufficient winter feed stocks. In all farming
systems, at the onset of spring animals were left to graze on shrubs and grass in forests before
the new cropping season, regardless of the fodder availability. However, according to most HFD
and MFD farmers, during this grazing period the fodder intake of animals was negligible, and they
remained emaciated. From March to late April, with the beginning of the vegetation growth
period, farmers fed the remaining winter feed stocks to their animals and increasingly kept them
in the same pastures near villages so that these once again became the main feed source.
However, animals typically did not gain weight during these weeks as there was not yet enough
feed on these pastures. From mid-May to June, animals, except dairy cows, that had been
pastured near the villages all year, migrated to the remote pastures again. During this time,
animals had enough feed on the pastures and started to gain weight, and in July, all animals were
fat and in good condition.

The results of the analysis of the annual feeding cycle show that the forage base depended
on forest pastures (including meadows) near the settlements as well as on remote pastures.
Forest pastures near villages were intensively used in spring and autumn due to the lack of winter
fodder, which caused considerable land degradation (Appendix 10). Winter fodder from HFD and
MPFD farms was not sufficient to meet animal needs for about 5.5 months from November to May
and during this period the animals suffered from lack of fodder and most farmers were not able
to sell their livestock as the animals were emaciated. As a rule, the price of livestock increases
during the winter until the early summer. In contrast, the LFD animals of farmers had sufficient

feed and remained in good condition all year round.
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Figure 16 Estimated monthly feed availability in dry matter (DM) according to main feed sources and total needs of the herd of high, middle and

low forest dependent farms (HFD,MFD and LFD) in south-western Tien-Shan mountains
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6.2 Results of Objective 1: to classify farm populations into distinct groups,
homogenous in their farm organization, actual economic performance, and

development constraints

6.2.1 Socio-economic characteristics of farm-households in the central Tien-Shan

mountains

This section is answering research question 1 about the prevalent farming systems in central Tien-

Shan mountains, research question 2 about methods suited to classify these farming systems.

6.2.1.1 Animal husbandry

According to discussions with local community workers and the survey data, livestock production
was the most important economic activity and basic source of income. Fat-tailed sheep and local
steppe cattle, and horse breeds suited to meat production also dominated in this area. Average
herd size was 16.3 livestock units. A typical herd consisted of an almost equal number of sheep
(34.5%), horses (32.5%), and cattle (30.5%). The productivity of animals for milk and meat outputs
was 1080 kilograms of milk for each cow’s lactation cycle and =150 kilograms carcass weight per
cow, respectively. Local experts assessed these values as mediocre given that the farm production
system was characterised as low input and low output. Furthermore, experts stated that animal
productivity has slightly increased in recent years due to improved feed supply. All livestock,
except dairy cows, were kept in high mountain pastures during the summer months. Most farmers
used the services of professional herders whose grazing practices can be attributed to the
transhumance system. As a rule, each village has several dozen family herders who, after
collecting all livestock from villagers, move to remote mountain summer pastures (‘Jailoo’ in
Kyrgyz language) and stay there during the entire summer (3-5 months). However, the word
‘Jailoo’ can also be applied to the process of animal grazing during summer. The meaning of the
word is quite wide and may imply both place and the process of grazing itself. Villagers pay about
ten USD per LU and month. About 12% of the farmers interviewed were professional herders.
Animals were kept in pastures, if possible, to reduce the amount of fodder required during winter.

The grazing period can last up to 11 months depending on environmental conditions.
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6.2.1.2 Crop cultivation

As already described in the literature review, the land redistribution in the 1990s resulted in larger
average farm size at higher elevations given the lesser land quality and lack of irrigation
opportunities, which impeded agricultural production in these areas. The largest portion of
cultivated land was used to grow grass, fodder legumes for hay making, and fodder cereals, mostly
barley (Hordeum vulgare L.) and very rarely oats (Avena sativa L.). Potatoes (Solanum tuberosum
L.), wheat (Triticum aestivum L.), and vegetables were grown on smaller plots of land, mostly in
kitchen gardens for domestic consumption and income generation. Local community workers
remarked that farmers achieve mediocre crop yields. Experts attributed this continuing mediocre
rise to the increased legume production and improved crop rotation. Farmers commonly used
services of contractors for ploughing and harvesting, as only few farmers (4%) owned such
machinery. Most of this agricultural equipment, such as Soviet tractors and combines, is old,

privatized back in the 1990s during the distribution of the property of collective and state farms.

6.2.1.3 Income sources from non-agricultural activities

While the opportunities for off-farm employment and the business opportunities are generally
low, some farmers obtain a large part of their income from off-farm sources. Pensions and salaries
from public institutions make up more than half of the total off-farm incomes on average. There
was also seasonal internal migration (mostly in the summer) to nearby larger towns and cities.
Family members went to the capital, for example, and were employed as construction workers
and in other services. It is notable that remittances from Russia, Kazakhstan, and other countries
contributed a relatively small amount (12%) to the total income, but their importance in recent

years has increased.

6.2.1.4 Agricultural markets

Markets were available in district capitals including the two largest livestock markets in Central
Asia where mainly livestock and crop products were sold by farmers. The average distance to the
markets was from 40 to 115 km, easily accessible by transport due to good road infrastructure.
But the sale and purchase of livestock was done only on weekends (Saturday or Sunday)
depending on the village and region. In some areas there was an increase in the number of private
slaughterhouses where farmers could sell cattle. Every village had stores where food and other

household goods could be purchased.
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6.2.1.5 Reasons of forest pasture degradation

In this research region there were more than 40 community pasture management committees
consisting of both pastoralists and local administration officials, including agronomists and
veterinary technicians. According to local pasture committee workers, highland pastures and
pastures near settlements cover nearly 90% of the agricultural land in this study area and fodder
supply depends on these resources. They also reported that meadows and pastures near the
villages were used intensively during spring and autumn due to insufficient winter feed, which
induced significant pasture degradation due to trampling and subsequent soil compaction,
especially when the soil was wet. Livestock numbers were increasing and therefore the pressure
on pastures was increasing. Almost all pastures in the region are used, even the most remote
ones, although there were some remote and barely accessible summer pastures where the
committees planned to improve the road infrastructure at the time of the survey to stimulate the
use of these pastures by herders. More than half of the interviewed farmers admit that the
number of livestock has increased in recent years and that this trend has a negative impact on
pastures. On the other hand, most farmers note that when cattle return from remote summer
pastures in autumn, they were well-fed and gained weight, which showed that the livestock had

enough fodder in the pastures.

6.2.2 Selection of classifiaction variables for farm populations in the central Tien-Shan

The procedure for selecting classification variables was the same as described in section 6.1.2 and
was aimed to find farm classes that are homogenous in their resource availability and use,
production systems, socio-economic performance, and needs, as well as development constraints
related to pasture and other resource degradation and management. Land holdings and livestock
ownership data were highly variable with large standard deviations. Further exploration of these
data using box plots indicates positive skewness due to outliers in the 90th percentile from land
holdings greater than 30 ha and from livestock ownership larger than 40 LU. These outliers were
discarded to improve the multivariate analysis and its generalisation to the overall population.
Out of the 235 households interviewed, two households had extremely large herds and cultivated
areas, hence these were excluded from further data analysis. Although in some cases such outliers
may represent better practices, however, a closer look revealed that these farm households had

one of the following: (1) predominantly large yak herds and hired labour to graze yaks; (2) much

63



farm machinery and provided services with this machinery; or (3) extensive arable land and
grassland. Hence, the decision was taken to remove them from further analysis. Descriptive

statistics for the remaining 233 farms are given in Table 13.

Table 13 Quantitative variables used in the principal component analysis (n=233)

Variable Minimum  Maximum Mean Std. Dev.
1 Herd size, LU* 1.10 42.20 16.3 8.94
2 Horses 0.00 31.00 5.34 4.83
3 Farmsales, USD' 0.00 26,008 3,797 4,154
4 Sheep 0.00 36.00 5.43 4.04
5 Cattle 0.00 16.60 4.98 2.93
6 Fattened up amimals 0.00 14.45 1.05 1.89
7 Cultivated area, ha 0.00 30.00 5.32 5.08
8 Fodder (Grain), metric tons 0.00 30 2.34 4.22
9 Fodder (Hay), kg 0.00 8695.7 690.6 751.2
10 Fallow, ha 0.00 27.00 141 4.15
11 Usage of fertiliser, kg/ha 0.00 500.0 20.451 73.25
12 Altitude of village, m above sea level 1,600 2,300.0 1,910 211
13 Irrigated area, ha 0.00 16.50 2.45 2.66
14 Barley yield, metric tons/ha 0.00 6.00 1.26 1.35
15 Pasturing period, month 4.00 11.00 7.83 1.38
16 Length of pasturing (hired herder), month 3.50 7.70 5.87 0.88
17 Remittances, USD' 0.00 6,276.1 260.78 810.81
18 Off-farm income, USD" 0.00 14,811 2,249 2,060

*In USD: average exchange rate in December 2013, $1.00 = 47.8 Kyrgyz som (adapted from www.oanda.com).
*Livestock unit, one LU corresponds to one cattle, 0.8 horses, or 5 sheep/goats.

6.2.3 Principal component analysis

The PCA assessment had a modest but ‘passable/acceptable’ KMO value of 0.668 (Kaiser & Rice,
1974) and Bartlett’s test of sphericity showed a significance level of 0.00 which indicated that the
variables were related and therefore could be analysed using PCA. Out of the 18 PCs generated,
five PCs with eigenvalues > 1, accounting for 64.4% of the variability, were selected (Tables 14, 15

and 16).
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Table 14 Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy and the Bartlett test of sphericity

Statistical Tests

Kaiser-Meyer-Olkin Test 0.644

Bartlett's Test of Sphericity =~ Approx. Chi-Square 1951
df 143
Sig. 0.00

Kaiser-Meyer-Olkin value must be greater than 0.6;
Bartlett's Test (df: Degree of freedom, Sig: Statistical significance, p<0.00)

The first PC explains 20.0% of the variability in the data set, while the second and third PCs explain
14.4% and 11.3%, respectively. PCA components four and five explain 10.7 and 7.9% of the

variance, respectively. PCs were characterised according to the loading factors within each PC.

Table 15 Principal components with eigenvalues above Kaiser’s criterion of >1

Total Variance Explained

Initial Eigenvalues Rotation Sums of Squared Loadings

Factor Total % of Variance Cumulative % Total % of Variance Cumulative %
1 4.576 25.421 25.421 3.604 20.022 20.022
2 2.678 14.879 40.299 2.601 14.450 34.472
3 1.839 10.215 50.515 2.035 11.308 45,780
4 1.371 7.619 58.134 1.926 10.698 56.478
5 1.137 6.316 64.450 1.435 7.972 64.450
6 0.947 5.260 69.710

7 0.757 4.203 73.913

8 0.745 4.138 78.051

9 0.689 3.829 81.880

10 0.623 3.463 85.343

11 0.565 3.136 88.479

12 0.554 3.077 91.556

13 0.486 2.702 94.258

14 0.343 1.904 96.162

15 0.283 1.573 97.735

16 0.221 1.230 98.965

17 0.139 0.774 99.739

18 0.047 0.261 100.000

1Extraction Method: Principal Component Analysis

PC 1 includes variables connected to livestock production, i.e. herd size, number of horses,
cattle, and sheep. The second PC involves variables of crop production (cultivated area, fodder,

and fallow). The third PC includes a combination of variables, like geographic elevation that
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influences the yield of crops, size of irrigated area, and use of fertiliser. The fourth PC covers
livestock production; however, it relates to methods of animal raising, including the pasturing
period. The fifth PC shows non-agricultural income sources, including total off-farm income and

remittances (Table 16).

Table 16 Rotated component matrix of classification variables with factor loadings grouped in
five principal components (PCs)

Principal Component?
Variable 1 2 3 4 5
Herd size 0.932
Horses 0.795
Farm income 0.699
Sheep 0.672
Cattle 0.659
Fattened up animals 0.545
Cultivated area 0.883
Fodder (Grain) 0.824
Fodder (Hay) 0.623
Fallow 0.548
Usage of fertiliser 0.693
Elevation of village -0.647
Irrigated area 0.624
Barley yield 0.521 0.584
Pasturing period 0.904
Length of pasturing (hired herder) 0.901
Remittances 0.843
Off-farm income 0.806
five components extracted using orthogonal Varimax rotation method with Kaiser Normalization;.
Associated variables with factor loadings >0.5 are allocated to the respective principal component.

6.2.4 Cluster profiles of agropastoral farming systems

In contrast to the clustering method applied to silvopastoral farms described in the previous
sections, the hierarchical clustering based on Ward's method was applied to agropastoral
households. Before conducting a cluster analysis, the selected classification variables derived
from the PCA were tested for relationships among the variables to avoid double weighting. For
“cultivated area” and ‘herd size’, a positive relationship (r = 0.7) was obtained. We selected the
variable with greatest standard deviation, as proposed by Hardiman et al. (1990). Therefore, the
variable ‘cultivated area’ was selected. Table 17 shows four remaining variables that were not

correlated with each other and subjected to the cluster analysis.
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Table 17 Non-collinear variables used in hierarchical agglomerative cluster analysis

Elevation of Cultivated Pasturing Off-farm

Variables village area period income
Elevation of Pearson Correlation 1 0.096 0.011 -0.047
village Sig. (2-tailed)* 0.144 0.867 0.477

N 233 233 233 233
Cultivated Pearson Correlation 0.096 1 -0.017 -0.024
area Sig. (2-tailed) 0.144 0.799 0.721

N 233 233 233 233
Pasturing Pearson Correlation 0.011 -0.017 1 0.051
period Sig. (2-tailed) 0.867 0.799 0.435

N 233 233 233 233
Off-farm Pearson Correlation -0.047 -0.024 0.051 1
income Sig. (2-tailed) 0.477 0.721 0.435

N 233 233 233 233

1The Sig. (2-Tailed) values are >0.05 indicating no statistically significant correlations among variables.

As noted, the hierarchical clustering based on Ward’s method was used for grouping similar
farms. The resultant dendrogram indicates (Figure 17) that two main clusters of farming systems
can be delineated based on four variables derived from PCA and correlation analyses. Elevation
was the most important factor in characterising major farming systems. The dotted line shows
the selected cut-off point, which gave a two-cluster solution (Types 1-2). The vertical axis
represents the agglomeration coefficient (the ‘height’ or distance between clusters merged at

each stage).

Two distinct mixed crop-livestock farming systems were identified, which significantly
differed in terms of their agro-ecological and socio-economic conditions. These clusters were

classified as:

Cluster I: Jailoo® high agropastoral farming system (JH) located in high-elevation mountain
ranges between 2000 and 2400 m a.s.l, mainly based on fodder and livestock production and

characterised by a reduced pasturing period and a low off-farm income (Figure 18).

6 ‘Jailoo’” means primarily highland summer pastures in Kyrgyz language. However, it could also imply the
process of grazing itself.
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Cluster Il: Jailoo mid-level agropastoral farming system located in medium-elevation
mountain ranges between 1500-2000 m a.s.l., mainly based on fodder and livestock production

and characterised by a reduced pasturing period and a low off-farm income.
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Figure 17 Dendrogram showing the range of cluster solutions resulting from Ward’s method.The
dotted line shows the cut-off point, indicating a two-cluster solution. ‘Height’ displays the
agglomeration coefficient or distance between clusters merged at each stage.
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Figure 18 shows the locations and distribution of farms of the Jailoo high farming system
located between 1500 and 2000 m a.s.l. in Kochkor and Kemin districts (red dots) and farms of

the Jailoo mid-level farming system located between 1500 and 2000 m a.s.l. in Kochkor and Kemin

districts (green dots).

- % ':"'Y OTE
3 “ Jaiyl district Pty )
/ A Issyk-Kul Lake
' 1 L AR\ T) 3
j b ; ;
; T il it e s
. / v R — ;
’—\‘:. Somghinl Lake T e— s . &
|- /(v (s im0
e Vorm [ e e
e A g s ~ ;
* KYRGYZSTAN 5 / ‘..: Y #r * AtBashy district ( -.__..
v :‘ '
; - s o7 ‘,‘__. A »®
o /_,’-/ \__.:,\~ foei P —
Chityr- Wl Lake A./‘}’ s L:""f c
\<:’~w1!\‘w‘“‘ UL, -~ { :‘ . Vg s
— ' \ . o i
FLak ol 5 ) K
P Nl e O N B {0 CHINA | ;
© conlnbylors'_,'"}' A s " i
UE o o LJ’{’”
KAZAKHSTAN .*—
e 7 &t WO 2 s,
KYRGYZSTAN DR % Kemin district
('\ N . /ﬁ,z
,,-‘ (J/
L T ™ g
5.
\1‘7/"—,\{\‘ -~
T2 e e T %%
< 57 . Issyk-Kul Lake
. —~Y
e / N
MR ‘//\’ﬁliiw' ;‘r;i*"‘r‘; ... » ‘\
% 2 >~
¢ L’i\/\\,_‘
e e dh
Kochkor district o)
At /r“ '\,“/7/‘\ LA ‘—\,\ !
3 ; 74
Song-Kul Lake
Y T w O © StreetMap contributors|

e

Figure 18 Distribution of the classified farming systems across central Tien Shan mountains

These systems show distinctive differences in their classification parameters (Table 18). All
variables were subjected to one-sample t-tests to identify significant differences among variables

and subsequently farm types. All the selected classification variables showed significant

differences among classes (Appendix 5).
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Table 18 Characteristics of the agropastoral farming systems in central Tien-Shan mountains
according to their classification parameters

Cluster/Types of farms
Variable Unit Jailoo high Jailoo mid-level
(n=125) (n=108)
Elevation of village location* m above sea level. 2,200 1,700
Pasturing period* month 7.2 8.5
Cultivated area* ha 5.9 4.7
Off-farm income* usD? 1,933 2,616

tIn USD: average exchange rate in December 2013, $1.00 = 47.8 Kyrgyz som (adapted from www.oanda.com).

6.2.5 Resource management and socio-economic performance of farming systems in

central Tien-Shan mountains

This section is answering research questions 3 about the characteristics of the farming systems
and how can they be differentiated based on resource allocation, socio-economic performance,

agricultural production methods and off-farm income sources.

Family labour resources are analyzed similar to procedures used in section 6.1.5.1. The age of
family heads varied within and between farming systems and averaged between 57 (JM) and 61
(JH). The proportion of interviews with female family heads was 8% in JM and 13% in JH. Average
family size was smallest in JM and consisted of 5.07 family members, while in JH it was slightly
more than 5.5 (Table 19). Most families in each farming system were extended families living in
the same household (most often parents and their children, including spouses and grandchildren).
This explains the high number of adult family members.

The most intensive labour force available in both farming systems was engaged in
agricultural production. While livestock production required the labour of one member of the
family for about 2-3 hours daily and regardless of the season, crop production required the labour
of all family members during the growing season (e.g., weeding, watering) and most intensively
during the springtime sowing (vegetables) and the harvest season. Weeding was done only a few
times during the summer. Collection of hay and herding were the responsibility mostly of male
family members, while milking cows and processing of milk was the work of female family
members. As a rule, hay was cut with machinery, but the press cylinders were collected manually

and brought by truck to the farm (less frequently by horse-drawn cart) and unloaded by hand.
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The duration of work in home gardens was short, not more than an hour a day in summer, and
was mainly done by female members or children (11-17 years old). In general, the whole family
was engaged in the harvesting of crops. Among the crops grown by farmers in both clusters,
fodder legumes and meadow grass harvesting required the least labour inputs, as most of the
work was done by contractors' machinery (mowers, balers). In contrast the cultivation of potatoes
in both clusters, and sugar beets and haricot beans in JM required more labour and usually all
family members were engaged in their cultivation. However, such cash crops were rarely grown

by JM farmers.

Table 19 Family size and labour capacities in farm-households in central Tien-Shan mountains

Clusters/Types of farms

Jailoo high Jailoo mid-level
(n=125) (n = 105)
Family size, persons 5.50 5.07
(Std. dev.) (1.71) (1.74)
Male child (0-10) 0.76 0.72
Male child (11-17)|0,5]|LF 0.87 0.42
Men >18/|1,0|LF 1.12 1.58
Female child (0-10 0.65 0.65
Female child (11-17)/]0,5|LF 0.33 0.18
Women >18 |1,0|LF 1.74 1.50
Total available labour force (LF) 3.47 3.39
Family members with off-farm income 2.10 2.56
(Std. dev) (1.58) (1.49)
Number of migrants 0.24 0.29
(Std. dev.) (1.88) (1.85)

LF —labour force

JM farms had more family members (2.56) with sources of income from off-farm activities
compared to the JH (2.1). Although off-farm employment was an important activity where inputs
of human resources were required, in both farming systems the share of income from pensions
prevailed, indicating the high age of family heads and low employment rate in the villages. If there
was extra time away from agricultural production, adult male family members were engaged in

seasonal work as casual labourers during summertime (1-2 months).
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As alluded to in the literature review, based on land redistribution as well as other assets owned
by collective and state farms 20 years ago, the analysis of land resources shows a difference in
land allocation between the two farming systems. This is reflected in the size and quality of land
and irrigation capacities, i.e. JH farmers on average had almost twice as much land as JM farmers,
as population density in remote areas (higher elevations) was generally low and therefore they
received more land per capita. But at the same time during the Soviet period there were no
irrigation systems on these lands; thus, JH farmers had the least irrigated land. The situation for
JM farmers was opposite because the population density was higher in the lower elevations farm-
households which received less land per capita, but with a good irrigation infrastructure built
during the Soviet period. There was a high demand for irrigated arable lands in both farming
systems and farmers rarely sell or rent land to farmers outside their own family. The quantity and
the timing of irrigation was a major factor for crop productivity.

Table 20 shows the main features of land resources of farming systems in the central Tien-
Shan study site. On average, the JH farmers hold 8.4 hectares of arable land. The share of non-
irrigated land was 75% contributing to the low productivity of agricultural land at higher
elevations. About 2.5 hectares of fallow land was recorded per farm-household, mostly
attributable to low fertility or remote locations and limited access to agricultural machinery. The
guantity and the timing of irrigation water was a major factor for crop productivity in each village.
Farmers in a few villages complained about the need to renovate irrigation channels and the
unreliable water supply from the mountains. Farmers in this cluster hold an average of 4.9
hectares of arable land and 0.2 hectares of fallow land, significantly lower in comparison to JH
farmers. On average, 80% of cultivated land was irrigated and rainfed land was mostly in
meadows.

As in the case of silvopastoral systems it was not possible to calculate the exact pasture
area per farm, but according to the local administration officials there is about 5-10 ha of pasture
per farm, but this figure varies quite a lot from village to village. In almost all villages there were
tendency of overgrazing on certain pastures and under grazing on other pastures (this refers to

all pastures, both remote summer pastures and pastures near the settlements).
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Clear measures to determine the carrying capacity of the allocated pastures were present
in half of the surveyed villages. Local experts acknowledge that the most overgrazed pastures

were near the settlements.

Table 20 Land resources of Jailoo-high (JH) and Jailoo mid-level (JM) farming systems in central
Tien-Shan mountains

Jailoo high Jailoo mid-level
Total farmland, ha 8.4 4.9
(Std.dev) (9.07) (2.84)
Shares of fallow and cultivated land:
Uncultivated area, % 30 4
Cultivated area, % 70 96
Cultivated area, ha 5.9 4.7
(Std. dev) (5.37) (2.82)
Shares of irrigated and non-irrigated land:
Irrigated land, % 22 81
Non-irrigated land, % 78 19

The results show that the village elevations and climate cause different agro-climatic conditions
for crop production in farming systems. The variety of cultivated crops by JH farmers was low due
to climatic conditions (Figure 19). Cultivation of livestock fodder comprises the largest share of
the cultivated cropland; almost 97% of the actual cultivated (irrigated and rainfed) land was used
to grow meadow grass (47%), sainfoin (Onobrychis viciifolia Scop.) for hay making (27%), and
fodder cereals (mostly barley) (23%). Potatoes, wheat, and vegetables were grown on the
remaining 3% of the land. Vegetables were grown mostly in kitchen gardens for domestic
consumption. Most of the non-irrigated land was utilized for hay production. In the irrigated plots,
legume crops were typically grown, mostly sainfoin and small amounts of alfalfa (Medicago sativa
L.). Sainfoin was one of the main crops in almost half of the farms; its cropping area has grown
due to a proportionate reduction in areas of wheat, barley, and other crops in recent years. This
increase was driven by the high profitability of sainfoin cultivation due to low labour demands
(including minimum soil tillage) and the availability of contractor services (e.g., combine
harvesters for wheat/barley were less available than mowers). Additionally, the marketing of
legume hay was easier compared to other crops, including vegetables. Cereal yields were

generally low and hence there was limited cultivation of wheat and oats. Wheat was not used for
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feeding, but for home consumption, while wheat straw was fed to animals. Barley was the most
important crop and mainly used in concentrated livestock feed. In addition, the cultivation of
barley was also important because it was an important component in crop rotations.

JM farmers produced somewhat more variety of crops, while the largest part of the
cultivated land was also used for fodder crops to make hay (56%) and fodder cereals, such as
barley (22%). Wheat (10%), potatoes (8%), and cash crops, such as sugar beets (Beta vulgaris var.
altissima Do6ll) and haricot beans (Phaseolus vulgaris L.), were also important (Figure 19). Crop
yields were higher in comparison to JH because of more favourable climatic conditions and better
irrigation infrastructure accompanied by increased use of chemical fertilisers and pesticides. IM
farms achieved higher yields of legume crops; cultivation of alfalfa was more productive (average
hay yield of 6.4 metric tons/hectares) compared to sainfoin in JH (average yield of 3.3
tons/hectares). This was mainly because farmers in JM had two (very rarely three) harvests per
year, benefiting from better irrigation facilities and more favourable climate. Home gardening

(horticulture) also contributed to market sales in JM.
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Figure 19 Proportion of cultivated crops in Jailoo high and Jailoo mid-level farms in central Tien-
Shan mountains

The main costs in crop harvesting were contractor services in both types of farming
systems. Although it is worth noting that the level of mechanisation and, in general, the
availability of farm machinery was higher in JM compared to farms in JH. There was also a

difference in expenditures for contractors' services, e.g. JH farmers paid about 10-12% more to
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contractors than JM farmers. Machinery ownership and availability within the groups was slightly
higher in JM i.e., 7% of JM farmers had machinery, while 6% of JM farmers had machinery. In
general, this machinery was old equipment belonging to former collective and state farms. All
farmers with farm land ownership provided services to other farmers. It is worth noting that there
was a shortage of combines for barley harvesting in JH farms. Seed costs were relatively low
(compared to costs for contractor’s services), as most farmers did not buy certified varieties of
seeds. Family labour was not included in the expenditure because of the general low employment
rates in all villages.

Calculation of gross margins per ha of cultivated crops showed that the most profitable crop
was potato ($3160 for JH and $2470 for JM), but the size of arable land with potatoes was larger
in JM 0.38 ha than in JH 0.12 ha (Figure 20). JM's potatoes were mainly grown for sale, while JH's
share of potato sales did not exceed 30% of the total potato yield. This crop required the highest
input of both labour and financial resources in both farming systems. The other most profitable
crop was legume fodder crops, i.e., alfalfa in JM and sainfoin in JH), which was provided 870
USD/ha and 300 USD/ha, respectively. The income of JM farmers was more than twice that of JM
farmers due to harvesting legumes twice per year on JM farms. Legume fodder crops are
perennial and required reseeding every three to four years. In addition, these crops were the least
labour-intensive as the harvesting was done by machinery. The least profitable crops were cereals
such as wheat, barley, and oats, as well as meadow grass (rain-fed fields), the economic output
of which ranged from 120-230 USD/ha. Overall, JM farmers were the most productive in all types
of crops per ha compared to JH farmers. This was due to what has already been described as the
result of more favourable climatic conditions, better irrigation systems, and productive inputs,

such as fertilisers. Morevover, JM farms
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Figure 20 Total net incomes from crop production in Jailoo high and Jaloo mid-level farms in
central Tien-Shan mountains, USD.

JM farms had the highest annual net income from crop production at 3201 USD, while JH
farmers had almost half as much (51783 per year). Potatoes and legume fodder crops (alfalfa and
sainfoin) contributed most to total crop production income in JM, followed by barley, wheat and
meadow hay, since these crops occupied the largest area arable farmlands. The contribution of
other crops to the total income was smaller but in total accounted for 7% of the overall income
from crop production and the standard deviations of these incomes were quite high. JH farms had
the highest income from sainfoin (less alfalfa), meadow hay, and barley followed by other crops
which in total generated 4% of total crop income. The proportion of sold re-growth products in
JM was significantly higher and accounted for 37.2% of production, while in JH it accounted for
only 17.3% of production. Poor irrigation facilities were the main problem of JH farmers, which

limited the productivity of more profitable crops.

A substantial part of family income was generated by off-farm activities in both farming systems.
There was a significantly higher annual off-farm income of 2616 USD in JM compared to JH ($1933)
reflecting better non-agricultural employment opportunities in JM. Pensions and salaries from

public institutions made up 1411 USD or more than 70% of the total off-farm incomes while
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remittances and private business made up the remaining 27%, reflecting poor access to non-
agricultural employment and business opportunities (Figure 21). Similar to JH, pensions from
government and salaries from public sector were also major income sources for JM farmers.
Notably, remittances did not dominate in both farming systems, in JH these were only 11% and in
JM 16% of all off-farm income. Remittances were mainly from Russia and less frequently from
other far-abroad countries. According to farmers in both groups, migration, both internal and
external, has increased in recent years. The share of income from employment/private business
was about the same in both farming systems - 16% in JH and 17% in JM of all off-farm income. A
large portion of this was seasonal work as construction workers in residential villages and taxi
drivers (freight inclusive) in which male family members were employed. The maintenance of
small village shops was observed in all villages and the involvement of families in tourism was low
in both clusters. The tourism business mainly consisted of renting yurts and horses to tourists, as
well as selling fermented mare milk (‘kymyz’ in Kyrgyz language) and other processed dairy

products and handicrafts, such as wool carpets.
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Figure 21 Income contributions from different off-farm activities of Jailoo high and Jailoo mid-
level farms in central Tien-Shan mountains, USD
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Livestock production was the most common economic activity and the basic source of income in
JH and JM. Farmers in both clusters depended on highland summer pastures (‘jailoo’) because
their animals grazed there. However, they could participate in the process directly or indirectly
through taking the animals to pastures themselves or hiring professional. As a rule, each village
has several dozen family herders who after collecting all the livestock from the villagers, move to
remote mountain summer pastures and stay there during the entire summer period. Villagers
paid to professional herder about five USD per livestock units per month. According to farmers
from both groups, the number of livestock in their farms increased over 30-34% in the recent
decade. The increase in livestock was marked by the fact that farmers had no other more
advantageous sources of income.

Figure 22 illustrates herd size and composition of JH and JM farming systems. No significant
differences in terms of herd sizes were observed; farmers had an average herd of 16.4 livestock
units in JH and 16.2 in JM. A typical herds consisted of an almost equal number of sheep/goats
(35% in JH and 34% in JM), horses (30% in JH and 35% in JM), and cattle (31% in JH and 30% in
JM). Farmers also owned a small number of other animals, such as yak (3% in JH and 1% in JM)
and poultry (0.05%). Raising poultry supplemented the production of chicken meat and eggs
mainly for family consumption. Farmers raised animals both for sale and for family consumption,
on average 35.7% and 33.2% of the herd was destined for sale in JH and JM farms, respectively.
Horses were mainly sold when the family needed large amounts of cash, and sheep when less
cash was needed. Most farmers sold livestock in autumn when the animals returned fat from
highland pastures, but it is noteworthy that almost all farmers kept a few animals, most often
sheep and young cattle, fat during winter to sell them if the farmers needed cash. Livestock prices
in winter and spring were usually high. The share of animals slaughtered for family consumption
(mainly sheep, goats and cattle) was quite significant in both farming systems (particularly in
comparison to silvopastoral farming system) and amounted to an average of 17% in JH and 15%
of the total herd in JM farms and remainder kept for herd reproduction. Approximately half of the

herd in both farming systems was kept for herd reproduction.
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Figure 22 Average herd sizes of Jailoo high and Jailoo mid-level farms in central Tien-Shan
mountains

Gross margin and economic outputs of animal production were calculated as described in
section 6.1.5.5; in addition, the detailed gross margin calculations of each animal are given in the
(Appendix 6). Figure 23 shows the total gross margins from livestock production, i.e. total herds
of both farming systems. In general, the JM farmers compared to JH farmers were more
productive in terms of livestock production (in particular per horse and cattle). JM farmers had in
general low feed costs, on the one hand the produced and purchased feed costs was lower, on
the other hand JH farmers grazed animals longer than JH farmers, which enabled them to keep
animals in good condition longer period in winter. In addition, JM farmers were selling animals at
higher prices as they generally had easy access to large markets not only for marketing but also
for agricultural inputs. Income from horses compared to other animal types was highest in both
groups of farms, as horses grazed for long periods (up to 12 months especially in JM), resulting in
low feed costs (half as much as for dairy cows). JM farmers sold horses at a higher price and the
share of horses in the total herd was higher than in JH, which explains greater total GM from
horses. While the GM of cattle was almost the same in both farm groups (with a slight difference

in both GM per head and total herd), the total GM of sheep/goats was higher in JH, because sheep

79



numbers and selling prices of these animals were higher in JH farm group. Overall, the analysis of
total herd GM was highest in the JM ($2352) and slightly less in JH ($2145) even though JH’s herds
were slightly larger. In JM farms, profits from horses (51195) followed by cattle ($534) contributed
the highest margins to the total gross margin, while in JH farms, cattle ($828) followed by horses
(5684) contributed the highest margins to the total gross margin. Gross margins for sheep and
goats combined were about the same (more than $530) in farming systems. The gross margin
contribution from yaks was small because the number of farmers with yaks was negligible in both
farming systems (Figure 23). As a rule, yaks were located year-round in the highlands in the open
pastures and did not need to be controlled all the time. Farmers with yaks in both farming systems
had a few yaks within a large herd shared with their relatives. These large herds of yaks were
under the complete control of JH and JM farmer relatives; yaks were checked once a month and,
if necessary, driven to the highland pastures closer to the villages if they wandered away into the
mountains. Yaks are semi-wild and were not milked and were only destined for meat production.
Yaks did not need supplementary feeding and were self-sufficient in pastures. The main expense
of yak raising was the loss of animals through the killing of wolves, which was quite high and

amounted 25% loss of yak herds.
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Figure 23 Total gross margins of the entire herds in Jailoo high and Jailoo mid-level farms in
central Tien-Shan mountains, USD
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The energy demand of animals was calculated similar to silvopastoral farming systems and
described in section 6.1.5.5. The total quantity of feedstuffs produced and purchased by farmers
is shown in Table 21. The total forage resources available for livestock production came from
pastures, arable land, meadows near the cropping areas, and crop residues (grazing on cropland
and meadows after harvest). Generally, natural pastures, meadows, legumes, and meadow hay
were the dominant feed resources in the study area. The share of concentrated feed in the form
of barley and oats was small; products such as grass silage were not used at all. According to most
farmers, the quality of grass on the pastures as well as the feed that was produced was mediocre.
However, the quality of legume (sainfoin) hay was indicated as good, significantly better than the
hay collected from grass meadows. About 10-12% of farmers sold a part of their fodder, and about
50% farmers of both groups purchased different types of fodder in addition to what they
produced on their farms. These amounts were subtracted and added, respectively, to compute

the total livestock feed balance.

Table 21 Total winter feedstuff for herds in preparation for the winter

Jailoo high Jailoo mid-level
Barley/wheat straw, kg DM* 2426 1968
Alfalfa/Sainfoin hay, kg DM 4960 8914
Meadow hay, kg DM 3403 1730
Barley (grain), kg DM 3391 2051
Oat (grain), kg DM 296 249
Alfalfa/Sainfoin hay purchased, kg DM 2146 1125
Alfalfa/Sainfoin hay sold, kg DM 807 749
Barley (grain) purchased, kg DM 224 266
Barley (grain) sold, kg DM 408 1378
Total available, kg DM 15,630 14,175
(St. dev.) (22,195) (15,451)

*DM - dry matter

According to farmers, hay and other crops, including cereals, were sold to contractors
immediately after harvesting due to cash limitations. By contrast, 50% of farmers purchased
additional fodder, both hay and cereals. Most of these farmers purchased additional fodder in

winter or in early spring, reflecting the fodder scarcity during this period. On average, the total
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amount of available winter livestock feed was 15,630 kg DM per JH farm and 14,175 kg DM per
JH farm; the standard deviations of these figures within the groups were quite high (cf. Table 21).
The energy demand of an animal was calculated similarly as described in section 6.1.5.5. The
predominant part of the winter ration consists only of roughage in the form of hay and straw,
whereby the proportion of legume hay was more than 50% in both farm clusters. However, the
proportion of concentrated feed (barley and oats) was more in JH farming systems. On average,
the daily amount of DM needed per LU or dairy cattle (300 kg live weight) was 7.5 kg DM in JH
farms and 8.8 kg DM in JM in winter (Table 22). The different amounts of feed in two farming
systems can be explained by the fact that the proportion of concentrated feed (barley and oat
grains) was higher in JH (cf. Table 21). On average, the total monthly amount of DM needed per
farm herd in JH was 3751 kg DM and 4200 kg DM in JM. These monthly feed quantities were
applied to the summer months and remained constant over the entire year because during
warmer months animals walked longer distances and needed more energy for motion, while
during cold months animals expended less energy in motion but needed more energy to maintain
optimal body temperature. Table 22 shows that the approximate equal distribution of available

feed for the different animals was not sufficient during winter in both farming systems.

Table 22 Required and actual feed intake for different types of livestock and the whole herd in
winter based on energy value calculations of available feedstuff

Necessary daily and monthly amount Actual daily and monthly amount
Dairy Total Dairy Total
cow/LU* Sheep Horse herd, kg  cow/LU* Sheep Horse herd, kg
(300 kg), (60 kg), (360 kg), DM/mon (300 kg), (60 kg), (360 kg), DM/mon
kg kg kg th kg kg kg th
DM/day = DM/day = DM/day DM/day @ DM/day = DM/day
JH 7.5 1.6 9.3 3751 6.5 1.3 7.8 3200
IM 8.8 1.8 10.5 4200 8.1 1.6 9.7 3850

JH —Jailoo high farms and JM — Jailoo mid-level farms; *Livestock unit, one LU corresponds to one cattle, 0.8 horses, or
5 sheep/goats; DM- -dry matter.

The ‘feeding calendar’ (Figure 24) illustrates the annual feeding opportunities and gaps in
the two agropastoral farming systems. Most farmers in both clusters (90%) used the services of
seasonal professional herders. Herders remain in high pastures an average of 4.3 months. The
average grazing period in JH was 7.2 months due to environmental constraints during the cold
season. In JM, the average grazing period differed significantly and lasted on average 8.5 months,

reflecting the longer growing season. Farmers of both groups generally attempted to keep their
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animals in pastures or on arable lands as long as possible to minimise the amount of feed stocks
required for animals kept on farms during winter.Animals typically returned from the highland
pastures to the villages in October after the crop harvest, when this was permitted by the local
government. Until the onset of winter, animals were left grazing on the pastures and meadows
near the villages where they remained fat due to the sufficient availability of feed throughout
October. From November, after the arrival of snow cover, the winter feed stocks typically
dominated as the major feed source. However, depending on the weather conditions these were
supplemented by grazing pastures, meadows, and arable plots near the settlements. From
December on, animals typically suffered significantly from the lack of fodder and started to lose
body weight due to insufficient feed. This lack of winter fodder prevailed until April, as farmers
tried to save their feed as long as possible from late autumn until late spring. During the onset of
spring, animals were left grazing shrubs and grass on arable land and meadows before the
beginning of the new cropping season. However, according to most farmers, during this grazing
period the fodder intake of animals was negligible, and they remained emaciated. From March to
late April with the beginning of the vegetation period, farmers fed the remaining winter feed
stocks to their animals and kept them increasingly on meadows and pastures near villages so that
these became the main feed source again; animals typically did not gain weight during these
weeks as there was not enough feed on these pastures. From mid-May to June, animals, except
dairy cows, which were kept on pastures near villages year-round, migrated to the higher pastures
(jailoo) again. During this time the animals had enough feed on the pastures and started to gain
weight again and in July all animals were fat and in good condition.

Summarizing the annual feeding cycle, fodder supply depended on the pasture (including
arable land, meadows) near the settlements as well as highland pastures. The meadows and
pastures near the villages were used intensively during spring and autumn due to the insufficient
amount of winter feed available, which induced significant pasture degradation. It was also
revealed that the supply of fodder was sufficient to cover the animal needs for approximately five
months from June to October in JH and for seven months from April to December in JM. JH herds

suffered from a lack of fodder longer period than JM herds.
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Figure 24 Estimated monthly feed availability in dry matter (DM) according to main feed sources
and total needs of herds of the herd of Jailo high and Jailoo mid-level farms in central Tien-Shan

mountains

6.3 Family income, satisfaction of households needs and objectives of farming systems

in the south-western and central Tien-Shan mountains

This section integrates the results of a socio-economic analysis of farming systems in south-

western and central Tien Shan mountains. The economic success in terms of farm income and

family income is highlighted, followed by the analysis of economic security (research question 4).
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This includes annual cash availability and financial security. This section discusses usage of income
and coverage of family members needs. The family decision-makers and farmers’ objectives,

followed by the farmers’ potential investments priorities analysed in the final part of this section.

6.3.1 Family income and socio-economic succes of farm-households

Family income is composed of income from farming activities and income from off-farm activities
(Table 23). Farm income included both income from the sale of animals, from NTFP collection and
additional farm income, such as from beekeeping, processing and sale of dairy products, and crop
production (mostly meadow hay, followed by plums and surplus vegetables and fruits from home
gardens). In agropastoral farming systems, some family income was derived through service
provision using farm machinery (e.g., tractors) and herding services. The calculation of additional
farm income was estimated by asking farmers how much net income they received from these
types of farming activities per year. As can be seen, high deviations can be observed regarding
these figures (Table 23). Some farmers within groups do not rely on any of these income sources
while others were highly dependent and obtained a significant part of their farm income from
beekeeping, herding and contracting services, and dairy product processing.

In silvopastoral farming systems, average rates of sales of crop products (e.g. plum apples,
NTFPs) and animal products (e.g. milk and other dairy products exceeded 95%; meadow hay was
generally not sold and remained exclusively for feeding livestock on farms. The income generated
by HFD farmers from other agricultural activities was the lowest among the clusters. In HFD, dairy
products and apiary accounted for 183 USD and 47 USD, while crop production 41 USD. In LFD,
the average annual income from dairy products was 756 USD, followed by crop production (5456)
and beekeeping (5182); for all these indicators, farmers in this group had the highest income
among the clusters. Dairy products accounted for most of the income as MFD had the largest
herds dairy cows and hence more milk products for sale. Additional farm incomes of LFD farmers
were moderate (higher than HFD but less than MFD) due to the fact that they were more
productive, e.g., dairy products and grassland hay (see previous sections). The share of production
and sale of dairy products also dominated as in other groups ($319), followed by income from
crop production ($130) and beekeeping ($92).

Although the ‘additional farm income’ as a percentage of total family income in JH (12%)
and JM (15%) were quite decent, the largest proportion of these incomes (> 90%) were from

contractors and herding services. The standard deviations of these income sources were quite
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high due to the small proportion of farmers owning agricultural machinery (9% in JH, 11% in JM)
and as well as professional herders (16% in JH and 13% in JM) providing services to other farmers
in both clusters; however, seasonal incomes from these activities were quite high (Table 23). JH
farms obtained income from processed dairy 41 USD from providing services with private
machinery 201 USD, while herding services delivered 243 USD per annum. The income from
livestock in JH was largest consisting of 34% of total farm income, while crop production income
represented 28%. Market sales were low, and the share of livestock sales was two times higher in
comparison to crop production (cf. 6.2.5.3 and 6.2.5.5). In general, in JH, income derived from
crop production varied more than income from livestock production. This illustrates that most
farmers depended on livestock sales, while the number of agricultural products sold to markets
varied considerably among farm households. The proportion of income from off-farm activities
was slightly higher than income from crop production, 30% of JH total family income. JM farms.
JH farms obtained income from processed dairy 30 USD and from providing services with own
machinery 201 USD, while herding services delivered 249 USD annually. JM farms obtained higher
revenues from livestock production than JH farms due to easier market access and higher prices
for animals. While sale of livestock was of comparable importance despite the low overall
productivity of animal husbandry, crop production contributed more than 37% of family income
in JM, while income from animal husbandry contributed 27%. In JM, the proportion of income
from off-farm activities was slightly higher than income from livestock production and amounted
to 30% of total family income.

Adding up all sources of income in silvopastoral farming systems shows that MFD farms had
the highest annual family income ($9272), while HFD had intermediate income ($6974), and LFD
the lowest ($4578). In terms of the average family income of farming systems, HFD farms have
the highest share of NTFP income in total family income, showing the high importance of this
activity in the livelihoods of these farms. Income from general farming (except NTFP income) as
well as off-farming activities delivered about same amount of cash 1357 USD and 1429 USD,
respectively, although in years when walnut harvesting was not possible, both activities came to
the forefront. MFD farms had the highest income from off-farm activities (mostly remittances),
followed by livestock farming due to the large size of the herd and income from NTFP collection.
The small collections of NTFPs by MFD farmers were due, as described earlier, to a partial or total
ban on NTFP collection. In general, MFD farmers are more secure in terms of family income

through income from livestock production and more income from off-farm activities in case of no
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walnut harvesting. On the other hand, the lack of winter fodder limits livestock production and,
as a consequence, income from this source. As in HFD, MFD farmers during the walnut crop failure
focused more on increasing off-farm income by migrating seasonally within or outside the
country. LFD farmers had the smallest income from NTFPs, because they did not have walnut
forests, and the contribution of income from other NTFPs to family income was quite small. As
such, income from off-farm activities and livestock were most important for farmers in LFD farms.
It should be noted that with smaller herds, LFD farmers generated more income compared to HFD
and animal productivity was the highest among the clusters. Moreover, the human resources in
LFD farm were also used productively as they had the smallest number of family members; despite

this LFD farm-households earned more off-farm income than family members in other clusters.
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Table 23 Comparison of the annual family income among farming systems in south-western and central Tien Shan mountains

South-western Tien-Shan

Central Tien-Shan

HFD MFD LFD JH M
NTFP collection!/Crop production?, USD3 4188 1908 550 1783 3201
(Std. Dev) 945.0 2186 183.9 330.5 784.8
Animal husbandry, USD 1066 2733 1373 2145 2352
(Std. Dev) 176.8 381.7 347.8 398.0 389.6
Processing of milk, USD 183 756 319 41 30
(Std. Dev) 41.0 285.5 159.6 12.5 8.1
Meadow hay?, fruits and vegetables from gardens, USD 41 462 130 10 33
(Std. Dev) 24.0 163.3 48.0 20.7 36
Beekeeping, USD 67 182 92 0 20
(Std. Dev) 172.0 3276 321.9 - 79.0
Herding services, USD n/a n/a n/a 243 249
(Std. Dev) 651.2 761.9
Service of contractors (farmers’ machinery) , USD n/a n/a n/a 208 226
(Std. Dev) 361.9 413.6
Farm income, USD 5545 6041 2464 4430 6111
(Std. Dev) (1670.9) 1488.1 990.2 1260.1 2288.8
Off-farm income, USD 1429 3231 2114 1933 2616
(Std. Dev) 1048.6 2544.5 920.2 1340.9 2400.3
Family income, USD 6974 9272 4578 6353 8707

lapplicable only for farm-households in south-western Tien Shan (HFD - high forest product dependent farms; MFD — middle forest product dependent farms; LFD - low forest
product dependent farms); 2applicable only for farm-households in central Tien Shan (JH — Jailoo high farms and JM- Jailoo mid-level farms); 3USD: average exchange rate in July
2021, $1.00 = 84.68 Kyrgyz som for HFD, MFD and LFD farms, average exchange rate in Dec 2014, $1.00 = 47.8 Kyrgyz som for JH and JM farms (adapted from www.oanda.com).

NTFP — non-timber forest product
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The comparison of total family incomes in agropastoral farming systems shows that JM
farmers had the highest annual family income ($8726), while JH had the lowest (56363). JH
farmers have the highest share of income from animal husbandry showing the importance of this
activity in their livelihoods. This is also confirmed by the highest share of sales from livestock in
JH, while the crop production focused on producing fodder for the herd; small sales of crops
covered the costs of contractor services during harvesting due to the shortage of cash. Income
from off-farm activities was important and contributed the main constant cash flow to the JH
farmers. In contrast to JH farmers, JM had high shares of family income from both livestock and
crop production; although crop production was also used to produce fodder for the herd, a good
share of plant products was sold to generate cash. As in JH, off-farm income by JM farms was the

main source of income providing a significant permanent cash flow.
6.3.2 Household expenditures and cash afflunce

In this section, based on the analysis of family incomes of farming systems described in sections
6.1.5.7 for silvopastoral farms and 6.2.5.7 for agropastoral farms, as well as the further data
analysis, cash flow and cash outflows and their share, as well as basic annual household
expenditures are analysed. This analysis reveals the financial stability of households and the
shortage or surplus of cash at certain times of the year. It also shows which sources of income are
increasing or decreasing in households during the year.

The cash affluence or shortfall of the farming systems during the year and the main
expenditures of the family show that the main family expenditure is on food (Figure 25). LFD spent
more than 67% on food, HFD 64%, and MFD less compared to the other two but still more than
half (54%) of all cash. In contrast to silvopastoral systems, agropastoral farms spent less on food
- 40% of annual family expenditures in JH and 36% in JM. Other important expenditures were for
celebrations and education, which together accounted for 24%-35% of the family budget in
silvopastoral farms, and 37%-39% of budgets in agropastoral farming systems. In silvopastoral
farms, utility costs (electricity, petrol, coal, mobile telephone) ranged from 7%-22% of the total
family expenses. The share of total utility costs in agropastoral farms was higher (especially the
costs for electricity and hard coal due to the long winters) compared to silvopastoral groups and
amounted to 16% and 22% of annual family costs in JH and JM, respectively. Farmers from JH (9%)
and HFD (4%) had small but nonetheless definite cash surpluses, while farmers in LFD, MFD, and

JH had barely any surplus savings. It should be noted that expenses for agricultural productions,

89



e.g., for fodder purchases or hiring labour during NTFP collection (mainly in HFD) and costs for
hiring professional herders (JH and JM) were not considered here because they were already
included in the gross margin calculations from each source of farming activities in previous
sections.

The stacked columns by month (Figure 25) show the diversity of income sources, which
adds up to the total monthly income (brown trend line). The red trend line is the monthly
expenses of the family; if it is below the brown line, it indicates that the farming system had a
cash surplus ("savings") and if it was above this line there was a cash deficit. As can be seen from
the graph, financesy have been fairly stable with few fluctuations from January to August, mostly
showing cash savings and less frequently showing deficits which were covered by savings from
previous months. The low monthly cash flow (both income and expenditure) was in LFD and in
both agropastoral JH and JM farming systems. The largest spikes in family expenditures were
observed in the autumn in all farming systems due to the preparation of children for school, the
start of the festive seasons “and purchasing coal for home heating.

In silvopastoral farming systems, largest cash deficits were observed in HFD and MFD from
mid-August to October, in LFD from September to February. The highest cash inflows into family
income were inextricably linked to receipts from NTFP sales in all farming systems, although there
was a difference in seasonality among clusters. For example, HFD farmers and MFD farmers had
the maximum income from NTFP sales (mainly walnuts) from October to December, whereas LFD
farmers from July to October had wild raspberry sales in summer and walnuts in autumn, which
were harvested by other hired farmers who received part of the harvest as labour payment. It is
also interesting that walnuts served as a savings account for HFD and MFD farmers (like animals)
as seen from sales from winter to spring (especially for HFD). This was also based on farmer
strategies (both in HFD and MFD) to wait for higher prices for walnuts, which tend to be higher in
winter. In agropastoral farming systems, the most severe cash gaps were observed in JH from
August to December (similar to LFD) and in JM from February to May. The highest cash inflows to
household income were inseparably linked to earnings from sales of crop products as well as sales
of animals (including dairy products) in both farming systems, although there was little variation

in seasonality of crop and animal sales. For example, JM farmers started to receive income from

7 Weddings, including circumcisions and childbirths are accompanied by large celebrations and usually the
invited relatives give a gift of $20 to $100, depending on the closeness of the relatives. For such celebrations
100-200 people are invited, and on average families have to attend several dozen, often in autumn.
However, this depends on the family and their strength of ties and the number of relatives and friends.
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crop production from mid-summer, whereas JM farmers received income from October to
November. In addition, JM farmers sold animals from winter to spring more often than JH farmers
when animal prices were highest. This also explains why on average JM farmers had higher gross
margins in animal husbandry compared to JH farmers who sold most of their herd in autumn when
prices were generally low.

In general, income diversity increases from July to October for all farming systems due to
increases in seasonal employment, other off-farm activities, and sales of other farm products.
Overall, the monthly income from off-farm activities was insufficient to cover the monthly family
expenditures in silvopastoral farming systems, while in agropastoral systems, off-farm income
was sufficiently balanced and mostly sufficient to cover basic monthly cash needs. The low
monthly expenditure was because production on JH and JM farms was more subsistence-oriented
- e.g., no purchases of meat and vegetables were made as these were supplied from their own
farms. Farmers of MFD and HFD covered the cash shortfall by selling stored walnuts and livestock,
while LFD, JH, and JM mainly covered cash shortfalls by selling livestock or by using savings from

previous months.
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Figure 25 Cash affluence in the farming systems of south-western and central Tien-Shan mountains
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6.3.3 Living conditions and future objectives in the view of farmers

Family members who were interviewed were mostly heads of families responsible for family
decision-making; their perceptions regarding living conditions and objectives on the farm will be
discussed in this section. This section will not examine family objectives related to their children,
their education, or their future; it will examine family objectives for increasing income through
farming activities, including plans farmers have in the near future related to agricultural
production (collection of NTFPs only for silvopastoral farms). In the view of all family heads, their
living situation has changed considerably in a positive direction during the past few decades.
Fathers and mothers of households said this when referring to and comparing the times after the
collapse of the USSR and the transition economy from the 1990s to 2010s. After 2010 all farms
have seen a clear alleviation of hardship and poverty in their lives compared to the transition
period. The main successes in improving life were that farmers reported an increase in their herds,
a more systematic sale of farm produce including NTFPs (in newly emerged markets/traders for
silvopastoral farms), and an increase in labour markets both domestically and abroad. Farmers
interviewed did not classify their families as poor, but rather as middle-income families, rarely
higher.

To increase farm incomes, all farming systems have pursued a prudent strategy in the
recent decade, i.e. no radical change in production methods has been observed (except migration
abroad/farm abandonment), most will continue to operate their farms as before with minor
changes, and tiny investments in certain activities. Figures 26 shows the proportion of changes
planned by farming systems in the near future.

The largest group of farmers in HFD and MFD (both 35%) and the second largest group of
LFD farmers do not plan to introduce new innovations in agricultural production, as they are quite
satisfied with the current state of farming. The most popular response from these farmers was
that their youngest son (who usually inherits his father's house and farm) will decide on future
changes on the farm. The other most frequent response among farmers in all clusters (29-30%)
was plans to increase livestock numbers, some with a focus on increasing the number of horses
and others intensive fattening of cattle for resale. Plans to process NTFPs and then sell them with
added value were noted in 10% of HFD farmers, 17% in MFD, and 6% in LFD. Plans to produce
honey were noted in LFD (14%), followed by HFD and MFD farmers (both 5%). Development of

tourism business was most mentioned most by LFD farmers (11%); these plans were noted by 5%
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of farmers in HFD and MFD. Other plans (e.g., poultry farming, fisheries, migration) were not
significant. Forest fencing was relevant for HFD farmers, as only they have leased forests, and this
was planned to prevent grazing of other farmers’ animals on their leased forest land and for
improved collection of hay. Few plans were articulated for running private businesses and related
off-farm activities, such as freight taxis, buying machinery (e.g., excavators), and providing
services (e.g., service stations for cars). In contrast to silvopastoral farming systems, most farmers
in JH (66%) and JM (55%) explicitly plan to increase livestock numbers, some with an emphasis on
increasing the number of horses, sheep, and less frequently yaks, others opening sheds for
intensive fattening of animals for subsequent resale (Figure 26). Farmers without any plans to
improve farming activities were fewer compared to silvopastoral farming systems and accounted
for 4% in JM and more in JH 14%. Plans to start private businesses were similar to silvopastoral
farms and were aimed at increasing income from off-farm activities. The proportion of farmers
with plans to start a private business (service station, taxi service, handicraft) was higher in JM
(14%), while in JH, private business operations were planned by 6% of farmers. Plans to develop
tourism were made by 7% of JM farmers, the same proportion of farmers were planning to
increase fruit trees in orchards and then process fruit. Only 2% of the JM farmers had plans to
produce honey. Plans to develop tourism were made by 8% of JM farmers. Plans to open fisheries
were only observed in JH farms (2%). Farm abandonment (migration) was significant for JM
farmers (9%) and lower for JH farmers (4%).

These results show that most farmers are planning small changes in their farms that require
little investment, implying no radical changes in their usual agricultural production. Changes such
as increasing livestock, orchards (in JM), or trying honey production are not too risky, which
demonstrates a commitment to conservative farming practices. On the other hand, in
silvopastoral farming systems, increasing the number of livestock needs additional winter fodder
and hence additional costs in animal production, but given the high costs of fodder and the lack
of arable land for farmers to produce their own fodder, most farmers realise that this is difficult
to achieve. Developing tourism requires large investments and, according to most farmers, plans

to do this in the near future are unlikely.
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Figure 26 Objectives of farming systems with regard to improving farm operation in order to increase income from agricultural production



6.4 Results of objective 2: To simulate farm income effects by farm types relating to
expert estimated changes of prices and factor costs resulting from Kyrgyzstan’s

accession to the EAEU

The results of objective 2 described in the following sections are based on a published research
article by the author. Monte-Carlo modelling was performed to simulate the impact expected
changes in the product prices and production or factor costs had on the net farm profit from
animal and crop production for JH and JM farming systems resulting from Kyrgyzstan’s accession
to the EAEU. Net farm income was selected as the target output because it is the critical
parameter to assess the impact of any changes in the production system on the farming families,
and as it also embodies the combined effect of changes in uncertain independent variables. Table
24 shows the annual revenues and expenses in the main types of farmers' production systems.
Income and expenses are based on the gross margin calculations described in the previous

sections (cf. 6.2.5.3; 6.2.5.5; and 6.3.1.1).

Table 24 Basic mean socio-economic farm parameters for both farming systems

Jailoo high Jailoo mid-level

(n=109) (n=126)
Annual revenues from livestock production, USD 7130 8468
Annual revenues from crop production, USD 2782 4702
Additional farm income, USD 493 543
Annual subtotal revenues from farming, USD 10,405 13,713
Annual expenses of livestock production, USD 4976 6101
Annual expenses of crop production, USD 999 1,501
Annual subtotal farm expenses 5975 7602
Farm income, USD 4430 6111

6.4.1 Expected changes in prices, factor cost and respective adaptation strategies of JH

and JM farm groups

Changes in the uncertain independent variables expected from Kyrgyzstan's accession to the
EAEU along with current and future adaptation strategies of farmers are shown in Table 25. All
interviewed experts noted changes for most variables, although there were some notable

differences in their assessment of the magnitude of changes for most variables.
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Live animal prices were expected to increase gradually after the country's accession to the
customs union to match the price levels in neighbouring EAEU countries, such as Kazakhstan and
Russia. Prices of animal and livestock products were 'most likely' to increase in the range of +7%
to +15%. The price of hay was expected to increase by +14% due to the expected increase in
number of livestock, leading to higher demand for hay. Potato price was expected to increase by
+15% and sugar beet price by +10% due to increased local demand and exports to Kazakhstan.
Since exact calculations of the revenues from fruit and vegetables in kitchen gardens was not
available because we asked for an average annual income from these activities and it ranged from
85 to 150 USD per JM farm, we left this range without the value ‘most likely’(the numbers
between these values had an equal chance of occurrence). It isimportant to note that these range
refers only to JM farmers reflecting better export opportunities only in JM farming system. Barley
price was expected to fall slightly by -3% (range -19% to +6%) due to increased imports from
Russia.

Prices of agricultural inputs were expected to increase slightly (diesel), moderately (cost of
herding services), or substantially (cost of contractors, interest rates). It was expected that legume
and cereal yields will slightly increase during the next years due to improved crop rotation.
Simultaneously, it was expected that vegetable and sugar beet yields will increase slightly from
current low levels due to more widespread use of productivity-enhancing inputs, such as fertilizer

or pesticides.
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Table 25 Estimated product and factor changes expected from Kyrgyzstan's accession to the
EAEU along with current and future adaptation strategies of farmers that collectively may affect
farm income

Affecting Unit Change
Minimum  Most likely  Maximum

First-order change only)

Price of cattle/ calf Revenue % -1 +7 +16
Price of milk (cow) Revenue % +4 +10 +33
Price of sheep/ lamb Revenue % +4 +10 +21
Price of horse/ foal Revenue % -9 +4 +7
Price of hay Revenue % -18 +14 +38
Price of potato Revenue % 0 +15 +27
Barley price Revenue % -19 -3 +6
Sugar beet price Revenue % +3 +10 +41
Income from kitchen garden* Revenue usD 85 - 150
Fuel price Cost % -8 +4 +18
Interest rate (net of inflation) Cost % +29 +33.5 +34
Service of herders Cost usD/LU +5.8 +6.8 9.4
Service of contractors Cost % 0 +20 +50
Yield of cereals Revenue % 2.3 2.4 2.5
Yield of alfalfa Revenue ton/ha* 6.46 6.9 7.5
Yield of sainfoin Revenue ton/ha’ 3.0 33 3.7

Second-order change (farmers’ adaptation strategies)

Jailoo mid-level

Increase in number of dairy cows - LU** 1 1 2
Increase in number of sheep - LU 0.2 0.6 1
Increase in size of legume fodder - % 0.39 0.42 0.46

Income from kitchen garden*

Jailoo high - LU** 04 1 1.5
Increase in number of sheep - LU** 1 0.5 2
Increase in number of horses - % 0.27 0.31 0.32

Increase in size of legume fodder

tdry matter, metric tons; Ttone livestock unit (LU) corresponds to 1 cattle, 0.8 horses or 5 sheep/goat; ‘0’
means no change in price. *refers only to JM farmers; Adapted from Azarov et al. (2019).

With regard to second-order changes, results of the farmer survey from the original sample
showed that since 2013 about half of the farmers interviewed have adjusted their production
systems, i.e. increased their herd size (by 0.7 LU) and plan to do so in the future. No significant
differences were found between JH and JM farming systems in terms of future improved

production practices. Ninety percent of farmers planned a further increase in total livestock by
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1.7-3.8 LU due to expected further increases in animal prices (mainly cattle and sheep in JM, but
also horses and sheep in JH). On average, anincrease in herd size as was most likely to be observed
in JM farms at 0.68 LU and at 0.60 LU in JH. Because of the increase in herds, these farmers also
planned to expand the area under legume fodder cultivation - alfalfa in JM and sainfoin in JH - at
the expense of reducing the area under less profitable barley and wheat. Several resource-rich
farmers also mentioned that they plan to invest in farm machinery and contracting services in

response to likely changes in farming systems.

6.4.2 Impact of expected changes in prices and factor cost on net farm income (first-

order change only)

From the Monte-Carlo analysis a statistical probability distribution for the annual inputted net
farm incomes for 2018 in both farming systems were derived, assuming the expected changes of
prices and factor costs (Figure 27). Based on 1000 iterations the simulated 2018 net farm incomes
ranged between 3670 and 4550 USD with a mean of 4163 USD for farms in JH, and 5500 and 7080
USD with a mean of 6302 USD for farms in JM. Compared to the 2013 net farm incomes of 4430
USD and 6111 USD in JH and JM, respectively, this represents a decrease of 5.9% in JH and an
increase of 3.1% in JM. Only 3.8% of the Monte-Carlo iterations for JH resulted in a net farm
income larger than in 2013, whereas 75.4% of the iterations exceeded the 2013 value in JM. The
S-shaped cumulated distribution functions indicate a generally lower variation in the modelled

net farm income in JH, while the output for J]M showed a higher level of variation.
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Expected annual net farm income for JH and JM in 2018, USD
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Figure 27 Probability distribution and distribution function of annual net farm income in 2018
for Jailoo high and Jailoo mid-level (first-order change only scenario). Adapted from Azarov et al.
(2019)

As several independent variables were expected to influence the net income from livestock
and farming in opposite directions, separate sensitivity analyses were conducted for JH and JM
farm-households (Figure 28). Expected changes in sainfoin and meadow hay and barley prices had
the strongest impact in JH. These variables had a strong to moderately strong positive impact on
income from crop production and, at the same time, a moderately strong negative impact on
income from livestock production. The expected increase in the price of hay (14%, Table 25)
increased the income from crop production but simultaneously reduced the profitability of
livestock production. The expected reduction in barley price of 3% (Table 25) had the opposite,
but comparatively smaller impact. The expected increase in sheep/lamb prices had a moderately
strong positive impact on livestock income. Other variables were weakly or very weakly correlated
with expected profits in JH. Overall, these factors combined reduced both the expected incomes
from crop (-16%) and livestock production (-1.4%), resulting in a net decrease in total farm income

of 5.9%.
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Price of sainfoin hay
Price of meadow hay
Price of barley
Services of contractors
Price of potato

Price of straw

Yield of sainfoin hay
Price of diesel

Yield of meadow hay
Price of wage labour
Profit from kitchen garden
Yield of potato

Price of sainfoin seed
Yield of barley

Price of land rent

Yield of straw

Variables correlated with net income from crop production JH, 2018

Price of alfalfa hay

Price of A-potato
Services of contractors
Price of barley

Yield of alfalfa hay

Price of potato seed

Yield of madow hay

Price of wage labour
Profit from kitchen garden
Price of diesel

Price of meadow hay
Price of herbicide

Price of herbicide (potato)
Yield of sugarbeet

Yield of B-potato

Price of insecticide

Variables correlated with net farm income from livestock production JH, 2018

Correlation Coefficients (Speaman Rank) Correl. Coefficients (! Rank)
0,72] Price of sainfoin hay [-054
0,35] Price of meadow hay- [-0.46
0,39] Priceof barley: [0.28
-0.23 Price of lamb- 0,37]
Price of foal{ 0,18
o) Price of kid E—r
0,09 Service of shepherd- -0,09
-0,09 Price of cattle <2 0,09
[ o.08] Initial price of fattened horse [o0s ]
Price of ewe 0,07
Rate of credit [0.05]
Price of young ewe 005 |
0,05 Price of cattle >2 [0.05]
[ Joss Initial price of fattened cattle >2 0,05 ]
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Variables correlated with net farm income from crop production JM, 2018 Variables correlated with net farm income from livestock production JM, 2018
Correlation Coefficients (Speaman Rank) Correlation Coefficients (Spearman Rank)
0,71 Price of alfalfa hay [ose
0,54 Price of barley [o37
T Price of lamb I |
o Price of meadow hay 2 ]
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Figure 28 Factors affecting 2018 net farm income for Jailoo high and Jailoo mid-level (first-order changes only scenario). Adapted from Azarov et

al. (2019)
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As in JH, the expected price increases for alfalfa and potatoes had a strong to moderately
strong positive impact on crop income, but at the same time a negative impact on livestock
income in JM. In addition, similar to JH, expected increases in animal prices had a weak positive
impact on livestock income. The influence of other variables on crop and livestock income in JM
was weak or very weak. Overall, these combined factors increased the expected income from
crop production by 7.1% while decreasing the income from livestock production by 1.6%, resulting
in a net increase in total farm income of 3.1% in JM farming system.

The results illustrated the constraints under which farmers in the central Tien-Shan study
site were operating. Due to very limited feed availability and low overall livestock productivity in
the JH area, the increases in prices and market opportunities for livestock did not lead to an
increase in farmer incomes. On the contrary, the expected increase in the price of all types of
forage was in fact much higher than the expected increase in livestock prices and hence
significantly increased the cost of livestock production in this farming system. At the same time,
farmers were unable to take advantage of improved prices and market opportunities for sainfoin
and meadow hay, as these crops were mainly used on their own farms and were not sold in
markets to alleviate the acute shortage of fodder during the winter. The decline in the price of
barley, which was one of the few crops whose surplus production was regularly sold by JH farmers,
further reduced their cash income. In addition, rising contractor costs and fuel prices contributed
to a decline in the overall income of farmers in JH. This was mainly because farmers in JM had two
(very rarely three) harvests per year, benefiting from better irrigation facilities and more
favourable climate. JM farmers also faced similar problems as in JH. The increase in feed costs
reduced the profitability of livestock production despite the increase in animal prices because of
rising production costs and that feed was largely used on individual farms reducing the benefits
that JM farmers could gain from higher hay prices. Overall, however, farm income increased
slightly because JM farmers produced a greater variety of crops (e.g., potatoes, sugar beets). In
addition, cultivated crops were generally more productive (e.g., alfalfa compared to sainfoin), and
farmers sold a targeted and larger share of alfalfa hay and other crops to generate income
compared with JH farmers.

Summarising the results of the static scenario modelling (first-order changes only),
expected changes in factor costs and prices lead to only marginal changes in livestock income in
the JH and JM farming systems. At the same time, changes in factor costs and prices significantly

reduce crop income for JH, while increasing crop income for JM. These modelling results point to
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the need for farmers, especially in JH, to respond to these expected changes by adapting and

modifying their land use and production methods.

6.4.3 Impact of expected changes in prices and factor cost and the respective adaptation

strategies on net farm income (second-order change)

In the dynamic scenario (second-order change), JH and JM farmers are assumed to respond to
expected changes in prices and input costs by adjusting their farm operations and management
decisions. The simulated net farm income in 2018 was between 4036 USD and 5521 USD with an
average of 4704 USD for farms in JH, and between 575 USD and 7956 USD with an average of
6781 USD for farms in JM (Figure 29). Compared to net farm income in 2013, this represents an
increase of 6.2% for farmers in JH and an increase of 10.9% for JM. The probability of getting
simulation results above the 2013 net farm income was 88.2% for JH and 99.3% for JM. The results
show a slightly lower variation in simulated net farm income in JH compared to JM. Sensitivity
analysis (Figure 30) showed that hay prices had the strongest impact on crop and livestock income
in JH. These variables had a strong to moderately strong positive effect on crop income and, at
the same time, a moderately strong negative effect on livestock income. The expected change in
barley prices had a weak positive correlation with crop income and a moderately strong negative
correlation with livestock income. The expected increase in livestock prices had a moderately
strong positive impact on livestock income. The most important farmer response to the expected
price change was the anticipated expansion of sainfoin crops, which had a weak positive impact
on crop income. Further adaptation strategies, such as increasing livestock numbers, had only a
weak but positive effect on livestock income. Other variables showed only a weak or very weak
correlation with expected income in JH. Overall, these factors together reduced expected income
from crop production by 3.6% while increasing income from livestock production by 13.4%,

resulting in a net increase in total farm income of 6.2%.
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Expected annual net farm income for JH and JM in 2018, USD
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Figure 29 Probability distribution and distribution function of annual net farm income in 2018
for Jailoo high and Jailoo mid-level (second-order change scenario). Adapted from Azarov et al.

(2019)

The expected price increases for alfalfa, potatoes, and sugar beets had strong to

moderately strong positive effects on crop income in JH. At the same time, alfalfa and barley

prices had strong negative and weak negative correlations, respectively, with income from

livestock production. In addition, the expansion of alfalfa in response to expected price and factor

cost changes, as well as the expected change in sugar beet prices, had a weak positive effect on

crop income. Moreover, the expected increase in meadow hay prices had a weak negative effect,

while the expected increase in animal prices and the planned increase in livestock numbers had a

weak positive effect on livestock income. The impact of other variables on income from crop and

animal production in JM was weak. Overall, together these factors increased the expected income

from crop production by 23% while decreasing the income from livestock production by 3.2%,

resulting in a net increase in total farm income of 10.9% in JM.
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Variables correlated with net farm income from crop production JH, 2018
Correlation Coefficients (Spearman Rank)

Variables correlated with net farm income from livestock production JH, 2018
Correlation Coefficients (Spearman Rank)

Price of sainfoin hay 0,61] Price of sainfoin hay [052 ]
Price of meadow hay 0,50] Price of meadow hay [0.43 ]
Price of barley 0,31 Priceof barley [-041
Expansion of sainfoin area 0,27 Price of lamb 0,30]
Price of potato 0,23 Increasing number of mares 0,30
Services of contarctors 0,22 Price of foal 0,22
Yield of sainfoin hay 0,17 Service of kid
Yield of meadow hay Increasing number of sheep
Price of diesel Price of fattened cattle >2
Price of straw 0,09 Price of horse >2
Price of wage labour -0,08 Price of cattle >2
Price of potato seed [0.05] Price of young ewe 006 ]
Yield of barley [Joos Price of milk [Joos
Price of land rent [Joos Service of shepherd 0,05 ]
Rate of credit [ Jooa Price of fattened cattle <2 [Joos
Yield of potato [Joos Price of fattened sheep >1 [oos
L § N 1S R 5 N L} % 0 ’ a ’ L § % o N b ] .3 e 3 N “ x
9 Q 9 (=} o (=) o o o o (=} ? Q (|3 (lD o CP (=) o o o (=)

Variables correlated with net farm income from crop production JM, 2018

Price of alfalfa hay

Price of A-potato

Price of sugar beet
Expansion of alfalfa area
Profit from other crops
Services of contractors
Yield of meadow hay
Yield of alfalfa hay

Price of barley

Price of meadow hay
Price of land rent

Profit from kitchen garden
Price of A-potato

Price of wage labour
Price of manure

Price of fungicide

Coefficient Value

Correlation Coefficients (Spearman Rank)

t 062 Price of alfalfa hay
1 0,50 Price of barley
038 Price of lamb
028 Price of meadow hay
0,24] Increasing number of dairy cows
022 Price of horse >2
0,16 Service of milk
Price of horse <2
Price of cattle >2
Price of young mare
Price of fattened sheep >1
Price of foal
[007] Price of fattened horse >2
0,07 ) Price of kid
0,06 ] Price of fattened lamb
006 Price of fattened cattle >2
S O S - S S S U S’ SR SR

Figure 30 Factors affecting 2018 net farm income for Jailoo high and Jailoo mid-level (second-order change scenario). Adapted from Azarov et al.
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Overall, simulation results of the second-order change scenario indicate increases in net
farm incomes in both farming systems as a result of increases in crop and animal prices and
adjustments in farm management and production methods. The effect of these changes was
different in the two farming systems. In JH, the increase in total net farm income was mainly due
to changes affecting the profitability of livestock production, while the increase in net farm
income in JM was mainly due to higher profitability of crop production. Processed products (e.g.,
cheese, mare's milk) did not contribute significantly to farm income in either farming system
despite growing markets and higher prices for these products.

Finally, these results indicate that adjustments in the smallholder land use and production
methods are required to increase farm income. The change of prices and factor costs expected
from Kyrgyzstan’s accession to the EAEU alone did not substantially increase farm incomes. The
adjustments farmers proposed to their current farm management in response to these changes
of prices and factor costs will essentially contribute to a transformation of their largely
subsistence-oriented farms to a more market-oriented production system, already observed in
selected areas of Jailoo mid-level where farmers switched from fodder production for their
animals to cultivation of potatoes, sugar beets, haricot beans, or green peas in response to
demands by foreign traders. For farmers in JH, a moderate increase in livestock numbers and
livestock marketing along with an expansion of fodder cultivation is suggested to increase the
profitability of livestock production. A detailed farm income simulation is given in the following

sub-sections in the Discussion.

7. Discussion

This section discusses the methodological aspects applied in the differentiation of farming
systems and subsequently answers research question 5 (including specific objective 1.4) on
possible future pathways for identified farming systems in the south-western and central Tien-
Shan based on the results of analysis of their characteristics i.e., agricultural production, non-

agricultural activities, overall livelihoods, and farmers’ objectives.

7.1 Methodological aspects of farm-household typology

Although the classification approach we propose using multivariate statistical methods to identify
farm types is theoretical and not new, it is, however, a fundamental step for portraying socio-

economic conditions of farmers and decision-making. The approach proposed here can be

106



particularly useful in research, especially in developing countries where farm typologies must be
created from scratch (Kobrich et al. 2003). So far, no such classification has been performed
throughout Central Asia. The official delineation of peasant farms based on farm size and the
omission of further socio-economic and agro-ecological parameters dilute the diversity of
smallholder farms and do not reflect the characteristics of cropping and livestock rearing systems
and other income- generating activities (Liechti 2002; de la Martiniere 2012). Firstly, our
descriptive statistics differ significantly from the official data on peasant farms even on the key
variables for the division of peasant farms, i.e., size of the arable land. According to NSC (2021)
the size of peasant farms averages 2-3 ha, in our system it averages 5.3 ha in agropastoral areas
and 0-0.12 in the silvopastoral farming system. The same applies to the number of livestock, which
averages 3 LU per peasant farm according to NSC (2021), but in our system the values ranged
from 4.5 to 16.3 LU. Furthermore, the shares of cultivated crops differ strikingly from the
conventional data (FAO 2020; NSC 2021); in agropastoral farms fodder crops dominated, while
cereals (wheat) dominate in the official statistics. In silvopastoral farm-households, cultivation of
crops occurred only in kitchen gardens due to unavailable arable lands. Moreover, we give an
analysis of the cropping systems (type of crops, yields, incl. NTFPs) and livestock systems (animal
types, grazing management), which implies a detailed description of labour inputs for all of these
operations, as well as a calculation of the economic performance of each production system,
which is important to identify different categories of farms endowed with different means of
production (Diepart & Allaverdian, 2018). The inclusion of agro-ecological parameters, defined by
climate, topography, and land cover that influence the land use of farmers (FAO 1996) gave a
division of farming systems - e.g., in ‘village elevation’ two different agropastoral farming systems
where the cropping and livestock systems were different due to climate conditions; and in
silvopastoral farming systems, income from NTFPs which highly related to forest land (land cover)
led to delineation of distinct farm-households that were dependent on forest NTFPs differently.
Finally, in the official delineation of smallholder peasant farms, off-farm activities are not taken
into account, although our results show that this source of family income was substantial. We
integrated off-farm and non-farm activities to understand the role they play in their interaction
with farming activities, how they complement the farming income as proposed in similar farm
typology studies (e.g., Garcia-Martinez et al. 2011; Kuivanen et al. 2016; Diepart & Sem 2018).
The two slightly different methods presented here, i.e. the K-means and the hierarchical

agglomerative method, have dealt with the question of establishing typical farming systems using
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empirical information on farm characteristics, and there is no reason to favour one or the other
in farm delineation. Both methods are equivalent and applicable in clustering, and it is more
important to consider the selection of classification variables that are relevant to the purpose of
the study and the low correlation among the selected classification variables (Madry et al. 2013).

Lastly, as the typology of farming systems and all subsequent analysis help to identify
different categories of farm families endowed with different means of production and differently
involved in achieving livelihood goals, this also provides insights into the social, technical, and
economic situation of different categories of farmers, enabling recommendations to be made to
address their specific problems and development trajectories (Diepart & Allaverdian 2018). We
believe our study substantially advances the classification of smallholder peasant farms in
Kyrgyzstan. Although many researchers note the general challenges facing smallholder
production systems and resource degradation (Kasymov, Undeland, Dorre, & MacKinnon, 2016;
Sabyrbekov, 2019), the identification of distinct farm types presented in this doctoral study can
be used as a basis for subsequent discussions on constraints and opportunities for agricultural
development in each farming system. In the following sections, the major constraints, and

opportunities for silvopastoral and agropastoral farming systems are discussed.

7.2 Constraints and opportunities for silvopastoral farming systems in the south-

western Tien Shan mountains

This section answers The lack of opportunities to harvest NTFPs was identified as a major problem
affecting livelihood strategies in local silvopastoral farming systems. The degree of exposure to
NTFP failure (especially walnuts) for a particular group of farmers can be determined by their
revenues from harvesting forest products. For instance, HFD and MFD farmers were more
dependent on income from NTFP harvesting because the share of NTFP in total family income was
significant (45.3% and 14.2%, respectively). We are not advocating that poor households collect
mainly other NTFPs and fewer walnuts, as indicated in other studies (Schmidt 2005, 2007). All
households collected NTFPs if they had available labour and permission to collect NTFPs
(Dzhakypbekova et al. 2018). HFD farmers had access to more NTFPs (especially walnuts) with the
highest yields because they had leased forests and had unrestricted rights to harvest walnuts and
wild apples (Agrolead 2016). MFD farmers had less access to harvesting and less income from
walnuts compared to HFD because of the lack of leased forests, which also applies to farmers

from Kara-Alma and Arkyt villages due to harvesting restrictions and the conservation status of
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forests. LFD farmers had the least access to collect NTFPs and the smallest income from NTFPs
compared to the other farm types, mainly due to the prohibition or restrictions on the collection
and lack of walnut forests. Nevertheless, collection of prohibited NTFPs (e.g., mushrooms,
hawthorn) often occurs in all farm types despite the restrictions. Thus, there appears to be an
increase in the collection of protected NTFPs during stressful times (Schmidt 2013). The collection
of banned NTFPs was recognized by nature reserves and forestry officials, and it is obvious that
prohibitive measures are not sufficient to stop the collection of such NTFPs (Shigaeva & Darr
2020). Notably, none of the surveyed farms that collected NTFPs processed these products for
sale (e.g., by drying and making jam), which implies the sale of NTFPs without added value
(Agrolead 2016).

According to HFD and MFD farmers, good walnut harvests occur every 2—3 years, as noted
in other studies (Schmidt 2005, 2013; Dorre & Schiitte 2014; Shigaeva & Darr 2020).
Consequently, all silvopastoral families have seen increases in the number of livestock to
compensate for the fluctuating NTFP revenues, particularly in MFD farms. Livestock has become
a savings account on farms in our study area, which is typical of mountain farmers throughout
Kyrgyzstan (Steimann 2011; Kerven et al. 2012, 2016; Anarbaev 2021). The main constraint in
animal husbandry was the lack of winter fodder, which was in short supply in all farm types
observed. This is not surprising as most silvopastoral farmers have no arable land (unlike other
parts of the country) where fodder crops can be grown, and the available forest meadows did not
provide sufficient fodder (Borchardt et al. 2010, 2011; Cantarello et al. 2014). Therefore, more
than 90% of all fodder was purchased by farmers (often at a high price) and this was the only
factor limiting farmers from further increasing their herds. To save fodder, farmers tried to keep
cattle on forest pastures for as long as possible, including during winter. In all farming systems,
livestock became emaciated livestock became emaciated from winter to mid-spring due to a lack
of roughage in their diet (Azarov et al. 2019, 2020; Yang et al. 2022). Grazing in autumn and spring
has a negative impact on the forest soil, particularly in wet areas (Kulikov & Schickhoff 2017).
More than half of the interviewed farmers in all types admitted that the increase in livestock has
a negative impact on the forest. This was confirmed in a study that found traces of animal damage
on almost every wild apple tree and other fruit trees (Orozumbekov et al. 2015). Although the
grazing system has generally remained the same, with remote and village pastures allocated for
grazing during specific periods (Schmidt 2007), there is still no clear grazing management in these

forest pastures that are developed by a nature reserve and forestry staff. There is either a ban on
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grazing in the forest areas or forest pastures are specifically designated. Local experts (nature
reserve and forestry staff) note that there are no specific norms and regulations which can be
used to introduce quotas on livestock numbers and pasture rotation practices to reduce grazing
pressure like, e.g. ‘pasture committees’ in other regions of the country (Shikhotov et al. 1981;
Mestre 2019; Umuhoza et al. 2021). It is obvious that bans on livestock grazing in unauthorized
areas of nature reserves are the only current measures preventing pressure on forest pastures;
however, these do not consider the importance of livestock for silvopastoral family livelihoods,
especially during times of low NTFP harvest (Cantarello et al. 2014; Wilson et al. 2019). Therefore,
improving forest pasture management and controlled grazing in the study villages are necessary
to ensure sustainable use of forest pastures, biodiversity conservation, and soil protection. Some
studies from other silvopastoral communities have shown the positive effects of proper grazing
on forest biodiversity (Wilson et al. 2019). Other studies report that for silvopastoral households,
fodder cultivation (including fodder trees) and stall feeding can be a way of combining livestock
production and forest conservation (Hardy et al. 2018).

According to farmers, remittances from abroad have become a more profitable source of
income in comparison to incomes from animal husbandry and NTFP collection. During times when
NTFPs could not be harvested (particularly in MFD and HFD), migration of family members, mostly
to Russia, increased. In LFD and MFD farms, the share of income from the private business was
quite high due to the recent increased involvement of local silvopastoral families in tourism (e.g.,
hotel services, cafés, horse rentals). Due to natural tourist attractions (e.g., Sary-Chelek Lake,
Padysh-Ata pilgrimage site) as well as the improvement of roads to these destinations, the
number of tourists visiting such places has increased (NSC 2018; Jenish 2018). Analysis of GMs
showed that MFD farmers with the largest herds, in fact twice as large compared to the other two
farming systems were less productive per LU and had the greatest negative impact on forest
pasture conditions. Farmers could not sell skinny animals and the mortality rate went up, making
animal husbandry riskier. This indicates that for silvopastoral farming systems, especially for
MFDs, advisory services are needed to introduce efficient livestock production (Borchardt et al.
2011; Azarov et al. 2020).

Although most farm types note that their livelihoods will remain static, there is strong
evidence to strengthen their farming and non-farming activities. In reference to off-farm income,
we are not referring to migration, although migrant remittances are currently an important

livelihood strategy. In the long run, this can lead to a high dependency on remittances, non-return
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of migrants, and breakdown of the family unit and, subsequently, labour shortages, as confirmed
in other studies in agropastoral communities (Schmidt & Sagynbekova 2008; Schoch et al. 2010;
Zhunusova 2017; Sagynbekova 2017; Zhunusova & Herrmann 2018). These studies also note that
in most cases, migrant remittances are mainly invested in livestock production (i.e., increasing the
number of livestock), which may further increase pressure on already degraded pastures. These
findings are applicable to silvopastoral families because migration has become a more profitable
source of income, given that many farms have increased and are planning to increase livestock
holdings.

For farmers of all systems, the importance of income from livestock is indisputable, and it
is necessary to introduce sensible pasture stewardship as well as adequate supplies of available
forage, thus reducing pressure on forest pastures. There is a tendency in all systems to generate
income from off-farm activities. Current efforts to develop sustainable rural tourism, therefore,
are promising strategies and should be continued in the future. Such efforts should primarily be
directed to farms of MFD and LFD, which possess good prospects for tourism development. This
coincides with recommendations for agropastoral families in other regions of the country
(Sabyrbekov 2019). In addition, given the importance of income from NTFP collection, particularly
for HFD and MFD households, efforts to increase local value added through NTFP processing,
direct marketing, and other approaches should be primarily targeted at these farmers. Training
and the introduction of processing technology, along with the establishment of markets, is an
obvious need (Jalilova & Vacik 2012; Jalilova et al. 2012). Although there have been numerous
projects in the past to support the development of local small and medium-sized food enterprises
(SMEs), most of these have ceased due to discontinuation of funding, indicating the importance
of longer-term support. Finally, as MFD farmers were the most involved in livestock production
and their profitability was much higher compared to the other two types, efforts to improve
pasture management as well as improving the supply of available forage should be focal points.
In addition, beekeeping has good potential for development for all types of farms; the analysis
shows that income from honey production is very high and most importantly this activity does

not negatively affect forest pastures as does livestock production.
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7.3 Constraints and opportunities for agropastoral farming system in the central Tien-

Shan mountains

The JH farms were distinguished from JM households by their larger arable land areas on which
fodder crops were planted. Due to insufficient irrigation facilities, as well as more severe climatic
conditions, farmers in JH obtained lower overall crop yields. Moreover, there was little use of
potentially productive inputs, such as fertiliser (only 2% of farms) accompanied with low levels of
mechanised soil cultivation that would augment crop production (Kerven et al. 2011; van Berkum
2015; FAO 2016).

Given the importance of livestock production in JH, livestock can be considered as saving
mechanisms, representing not only subsistence but also financial security (Martiniere 2012;
Steimann 2011), thus an important consideration is sufficient fodder supply. To obtain higher
fodder yields, support is needed to establish and upgrade irrigation facilities, road infrastructure
into remote areas (fallow), and services of agricultural contractors. At the production level,
farmers need to modify their farm management, e.g., increasing use of productive inputs, such as
ferilisers (both mineral and manure), increasing legume fodder cultivation, higher quality seed
sources, more efficient cultivation techniques, and better irrigation systems. Some new practices
and technologies for sainfoin cultivation in the highlands of Kyrgyzstan have been introduced by
WOCAT (Akramkhanov 2016; Asanaliev & Usubaliev 2011) within the project ‘Prevention and
Mitigation of Land Degradation’ through demonstration studies, distributing agricultural
equipment, and supporting individual smallholders via training and information. Results revealed
that farmers in focal areas at elevations of 2200-2300 m a.s.l. obtained higher yields of sainfoin
due to introducing improved cultivation practices. These sustainable practices are of particularly
important because of continuing growth in livestock herds, not only in the study area but
throughout the country (Mogilevskii et al. 2017; Sabyrbekov 2019) and increasing pressure on
pastures due to overgrazing (e.g., Robinson 2016; Kulikov & Schickhoff 2017). Sufficient fodder
supplies during and after winter allow farmers to keep animals in good condition and sell them
during this time when prices are significantly higher as farmers usually market animals from mid-
summer until late autumn at lower prices when animals have gained weight in pastures (Tilekeyev
et al. 2016). In addition, increased fodder stock allows farmers to keep animals indoors longer and
prevents pasture degradation, especially during the wet early spring (Isakov & Thorsson 2015;

Kulikov et al. 2016; Tagaev 2018).
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JM farms are characterised by livestock and crop production together with income-oriented
fodder and other crops (e.g., potatoes, sugar beets, haricot beans). These farms exhibit a
comparatively higher level of mechanisation relative to JH farms, mostly relying on machinery for
farm operations supplied by agricultural contractors in the region. Land utilisation was
significantly more productive on JM farms compared to JH farms, even though JM farms are
smaller. Farms in JM can further increase cash crop areas to benefit more from crop production
given the existing advantages of their irrigation facilities, warmer climate, higher soil fertility, and
better road infrastructure and market access. This indicates that JM farmers can grow more crop
species due to better natural conditions, which support food security and nutrition (e.g., diverse
diets). Moreover, an analysis of GM from crop and livestock production showed that on the JM
farms crop production was more profitable than livestock production, suggesting a move towards
selling more crops rather than feeding the produced feed to the herd. This also demonstrates the
need for advisory services for JM farmers to learn how to calculate the benefits and costs of both
livestock and crop production.

Though the average number of livestock in JM was almost equal to average herd size in JH,
the animals in JM were typically in better condition because of the longer pasturing period and
comparatively better fodder supply. However, similar to JH, but to a lesser degree, animals in JM
suffered from a lack of fodder during cold months due to inadequate production of winter
feedstuffs (Borchardt et al. 2011). In addition, JM had higher average fodder costs per livestock
unit despite a longer pasturing period caused by using higher-quality fodder (legume hay and
concentrates). Given that livestock production was also substantial for JM and the insufficient
supply of feed forced farmers to use pastures intensively during spring and autumn contributing
to pasture degradation (Robinson, 2016), the simple expansion of legume crops (alfalfa) cannot
ensure sufficient fodder supply in JM as well as in JH. Moreover, JM farmers in this cluster already
maximised the cropping area of alfalfa due to a proportionate reduction in areas of wheat, barley,
and other crops in recent years. Silage making is now almost entirely neglected by smallholder
farms (Fitzherbert, 2006). However, the cultivation of the crops for silage production could be a
solution and community silage production may be an option (Ahado 2021). Increasing demands
for animal fodder and cash crops can act as an incentive for some farmers to further diversify their
operations and/or to specialize rather than to increase their own herds, thereby decreasing their

dependence on subsistence production. This indicates the need to conduct agricultural extension
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outreach to advise and guide farmers in their attempt to specialize agricultural production. Other
studies have reported similar findings in the region (Lerman & Sedik 2018, Sabyrbekov 2019).

Resource limitation can induce a shift in livelihood strategies, e.g., towards a higher
dependence on off-farm income (Sabyrbekov, 2019; Schoch et al. 2010). This may affect decision-
making, farming practices, and certainly household priorities for investing cash and labour
resources (Schoch et al. 2010). The income from the non-agricultural activities was observed in
many farms (>90%) and constituted a substantial part of their income (52% in JH and 42% in JM)
derived from pensions (the older household members retired from non-farm jobs), reflecting the
lack of private sector and business employment opportunities in both farming systems,
particularly in JH. Although the income generated from farms often flows partly into farm
production investments, these may change the production methods/farming practices in a farm-
household, e.g., less labour demanding crops and livestock production (Shigaeva et al. 2007)
rather than the structure of farm typology in the study area. According to farmers, the
dependence on non-agricultural income increased in recent years, particularly remittances
(Chandonnet et al. 2016; Sagynbekova 2017). This is not surprising as off-farm income contributed
one-third of the total family income, reflecting an important livelihood strategy in both
agropastoral farming system types.

Results of Monte Carlo simulations illustrate the uncertain factors that most affect farm
incomes, which in turn help to improve farm revenues. For example, to benefit from increasing
prices for livestock and agricultural products, farmers need to further adjust and modify their farm
management, which can include the expansion of cash crop cultivation in JM or an increase of
herd sizes along with an expansion of fodder cultivation in JH. Schoch et al. (2010) and Sabyrbekov
(2019) found that increasing incomes led to production diversification, e.g. increase in livestock
numbers. Given the substantial importance of livestock production in both farming systems and
increasing pasture degradation in Kyrgyzstan (e.g., Robinson, 2016), an important consideration
is to what extent herd size increases can be supported by pasture conditions without degrading
pastures. Simultaneously, increasing demand for animal fodder and cash crops can act as an
incentive for some farmers to further diversify their operations and/or to specialize rather than
to increase their own herds, thereby decreasing their dependence on subsistence production.
Other studies have reported similar findings in the region (Lerman & Sedik 2018, Sabyrbekov
2019). Furthermore, results clearly indicate that JM farmers benefit more from the expected

changes of prices and factor costs than farmers in JH. This is not surprising given the existing
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differences between both areas regarding their remoteness, climatic conditions, and soil fertility.
Farmers in high elevations are additionally disadvantaged by the general lack of road
infrastructure and market access; poor irrigation facilities and livestock watering points; and the
limited availability of extension and veterinary services. Therefore, farmers in JH can only make
slight adjustments to their production methods due to their limited resources in terms of
productive land, capital, or knowledge and information. Our findings can, thus, also be
understood as a plea to policymakers and development practitioners to intensify their efforts to
promote rural development of mountain regions to alleviate the socio-economic disparities
between various parts of Kyrgyzstan. This finding also agrees with the widening gap reported
between policymakers and smallholder pastoralists (Kasymov et al. 2016).

The lessons derived regarding the required adjustments of farm management and
production methods and the dissimilar benefits derived by farmers in high versus middle-
elevation systems, considering uncertainties that affect rural areas, may prove beneficial for other
countries in the region. As a practical contribution, our analyses can provide the following useful
insights and guide policy making in Kyrgyzstan and beyond: the relatively small scale of farm
operations and related inefficiencies suggest that significant improvement potential lies in
consolidating the farming structure by helping smallholder farmers to cooperate in agricultural
and livestock production, marketing, investments in infrastructure and technology, and/or farm
expansion to achieve more competitive scales. While the establishment of cooperatives and
larger-scale private farms is difficult in the short term due to various historical, economic, and
socio-political reasons, it remains an important strategy of future agricultural policymaking.
Equally important are investments to ensure the quality and safety of agricultural products,
particular livestock and meat products, to export these to third-world countries. Kyrgyz producers
have difficulties to export agricultural products to EAEU markets due to numerous impediments
and barriers. In 2015, for instance, Russia and Kazakhstan imposed a ban on Kyrgyz meat imports
because of the occurrence of epizootic diseases, and the temporary import ban for potatoes to
Kazakhstan due to detection of nematodes (Globodera rostochiensis) in 2016. Towards this
objective, several structural improvements need to be implemented in the Kyrgyz livestock sector
from farm to fork, which includes the provision of improved extension and veterinary services to
farmers, more stringent veterinary and sanitary controls, upgrading of laboratory equipment and
staff training, and improving the hygienic conditions in slaughtering and meat processing. Such

improvements could foster the export potential of the sector to international markets, thereby
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increasing income for Kyrgyz farmers as noted by other researchers (Mogilevskii et al. 2014,

Tilekeyev et al. 2016) .

8. Conclusion

8.1 On the objectives of the doctoral study

Addressing the stated objectives of this doctoral study, the following conclusions can be

drawn:

From the classification methodology employed, smallholder farm classes emerged that can
be interpreted and used as intended. The multivariate classification used offers clear
advantages over typologies based only on farm size and legal status, which do not consider
the diversity among size classes and do not include the agroecological conditions, as well as
the socioeconomic situation of the farms. Furthermore, methods employed in this study can
be modified as needed using different variables based on classification objectives for
different mountain regions.

The multivariate analysis facilitated the delineation of farms into five clusters that provide a
more comprehensive understanding of the characteristics and types of strategic livelihoods
for mountain farm groups within each cluster. Results provide relevant information on
farming systems in mountain areas and fill the current gap in typology delineation of farming
systems in Kyrgyzstan, recognizing that such gaps also exist in many other mountain farming
systems worldwide.

Lack of access to income from NTFPs and off-farm activities affects clusters differently and
leads farmers to pursue livelihood strategies oriented to livestock production, which in turn
affects the sustainability of forest resources and potentially degrades the land. To improve
livelihoods in clusters in a sustainable manner, it is necessary to identify challenges and
opportunities within the cluster context and recommend appropriate sustainable
interventions.

The results of the farm income simulation showed that there was little difference between
the static and dynamic scenarios with simulated prices and factor costs. This indicates that
potential adjustments in the farmers' production method were not significant. Continuous
adjustments in land use and production practices of smallholder farmers are required to

improve farm income. National agricultural and economic policies should aim to improve the
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farming conditions by encouraging further professionalisation of the farming sector through
education, infrastructure development, consolidation of agrarian structures and improved

management of food quality and safety.

8.2 Shortcomings of the study

A multivariate analysis led to two types of agropastoral farming systems. Our first attempts
at cluster analysis with a slightly different set of classification variables led to a division of farms
into three categories of resource rich, medium resource, and poor; or into categories: rich crop
producers, crop producers, and livestock producers (and their variations from rich to poor). We
considered that such differentiation into these categories does not really require a multivariate
analysis and over-simplifies agricultural/policy interventions/suggestions in their farm production
system. Despite the fact that only two types were chosen at the conclusion of this study, t-tests
showed a significant difference between the classification variables, and we described the
differences in resource endowments and farm production systems sufficiently to provide
recommendations for each type to improve their agricultural production. This classification gives
a more detailed understanding of smallholder farms than the official categorization, which has
been emphasized in the thesis.

The data on agropastoral farms in central Tien-Shan study site were collected in 2014.
However, we would like to stress that Kyrgyzstan is still considered as a developing country, and
unfortunately, rural and remote areas were not studied in the past. In this sense, our data are
unique, because we considered every production system, we interviewed farmers involved in
livestock and crop production, off-farm income, resource base, and our data provide a full picture
of production systems and economic outcomes of households. Additionally, this data set is unique
because such data have never been collected prior to or after 2014. In this sense, these data,
despite being collected in 2014, are still very relevant. We also believe that this study can provide
a snapshot of important information about the development of smallholder agropastoral farming
during this period.

Shortcomings in Monte Carlo simulations include high dependence on expert estimates in
the absence of ex-post data, as well as the size and composition of the expert panel, which we
tried to address by assembling the best expertise available from leading national institutions in
public administration, academia, and the livestock sector. Our restricted focus on a mid-term

horizon was deemed to be the most acceptable compromise between foresight and accuracy of
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predictions, despite that a long-term perspective would be more desirable. Finally, we used
average values as entry parameters for simulation models in JH and JM farming systems. Overall,

it is hoped that this study will inspire further research to help address some of these aspects.

8.3 Suggestions for further studies

Based on the findings of this study, the following suggestions for further research are proposed

(answers to research question 6):

e Develop research focused on cost-effective methods that are applicable to small farmers to
improve the fodder base, including improving agricultural production technology, storage,
and harvesting that do not require large investments but offer reasonable environmental
protection.

e Implement studies that elucidate circumstances that could promote income diversification
strategies among farming systems focused on off-farm activities such as tourism or other
value-added ventures.

e |Implement studies on the typology of farming systems in other mountain regions such as
Batken province (western Tien-Shan) and Issyk-Kul (northeastern Tien-Shan) would provide
additional insights into the socio-economic situation of farming systems in these regions. In

addition, these regions are least studied so far.
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Appendix 1: Questionnaire for analysis of
farm economic and social performance.

These questionnaire was designed to execute
research for academic work. The main objective is to
analyse the economic and social performance of the
rural farm-households. All information will be used
only and exclusively for academic purposes and all

respondents will remain anonymous to the public”

This questionnaire was integrated into the tablets using an
open-source mobile application ODK (Open Data Kit).
Date: | |

Interwiev Nr.:

—
Village: | |
Interwiever:

Respondent: | |

o U~ W N R

Respondent's status
CODE |___ |
1 Household head; 2. Wife; 4 Son; 8. Other___
7 Respondent's education
CODE |___ |
1. No education; 2. Incomplete secondary education (9-
Kn); 3. Secondary education;4. Agricultural college; 5. Non-
agricultural college;6. Agricultural university; 7. Non-
agricultural university
1. Utilization of walnut - fruit forest
What purposes do you use walnut-fruit forest for?
Mark if used for this purpose.
What is the most important? Please mark
importance from 1to 3
(1 - the most important)
Animal husbandry; Haymaking; Firewood;
Collection of walnuts; Collection  of  wild  apples;
Collection of wild fruits and barriers; Collection of
medicinal herbs; Collection of mushrooms;Tourism;
Other|___ |
Do you lease walnut-fruit forest plot? (Yes, No)
If yes: how many ha of forest plot do you lease? (ha) |___|
Do you pay for the lease by money or by something else?
If you pay with money how much do you pay annually?
(KGS) |_|
If you pay with something else, what and how many do
you give? |___ |
How many years do you lease these forest plot for?
11. Collection and sale of forest products
What forest products do you collect and how much do you

harvest?

Forest product  Mark If you collect this product For
marked forest products only: How often do you collect these
forest products?
(every season, sometimes)

How many kg did you collect in 2020?

Did you sale these forest product?
(Yes, No)

If you sale, how many %? If you use only for HH how

many % ?

1 Walnut; 2 Wild apples; 3Mushrooms; (which species of

mushroom, pls. give the name of mushroom |___ |; 4 Wild
fruits and barriers |___ |; other |___ |; other |___ |[;
Hawthorn (Crataegus turkestanica); Hawthorn
(Crataegus pontica); Blackberry I I;
Raspberries|____|;Barberry|____|; Wild plum |____|;Wild
cherry| |; Wild pear]| |; Rosehip | |; Wild
currant | |; Sea buckthorn| |; Other |__|

5 Medicinal herbs
(what species of medicinal herbs?)
6  Other forest products
If you sale, to whom, where and what is the price of the sale?
Forest product
If sold, whom do you sale?
Where do you sale  Price (som/kg 2020 xbinga
Walnut|____| Wild apple
Hawthorn (Crataegus knorringiana)

Hawthorn (Crataegus pontica)

Wild plum | |; Wild apple]| |; Rosehip | |;
Blackberry| |; Raspberries| |; Barberry | |;
Mushroom | |; Seabackthorn| |; Wild current

Kanaiiun Kaparar|
Other| |

How many persons and how much time is needed for

|;Medicinal ~ herbs [

collection?
Name kg Number of persons hours days
walnut| |;  wild apples|
Medicinal herbs| |; Wild fruits |

Do you hire another persons for collection? (Yes, No)

|; Mushrooms| |;

|; other|___|

If yes: For how many days/hours? How much do you pay ?
Name Number of persons Days/hours Payment, soms

If you pay with something, what do you pay with and how

many?

Walnut|____|; Wild apples|___ |;Mushrooms|___|;
Medicinal herbs|___|; Wild fruits (write the name) | |;
other|___ |.



How do you transported the forest products and how far,
what costs? (what is the distance from forest to the house, in
km)?
Do you have sustainable sale channels? Do you need to
search for whom to sale every year? How do you agree
regarding the Price? ......ooivvieienieieeeene e
Ill. Processing
Do you process collected forest products? (e.g jam, compote,
dry fruits, juice)? (Yes, No)
If yes what forest products and in how do you process (dry
fruits, jams, etc)

Final product:
a)dry fruits
b)jam; c)compote; d)juice; e)other (pls. write) :|___ |
Walnut Wild apples Mushrooms Fruits and barriers (write
which one) Medicinal herbs Other
What home equipment do you have for processing of forest
product??

Mark if you have equipment
Dryer Juicer Meat grinder
Other equipment (pls. write) :|___ |
Do you sale processed forest products ? (Yes, No — used for
HH)
If sold:
How many persons and how much time needed for
processing?

Name hours Number of persons

If sold:

On what price, where and whom do you sale?
Name Whom do you sale? Where do you sale
(city or village name)

Price (som/kg)

When do you sale processed forest products?
Name Jan Feb March Apr Maylune July Aug
Sept Oct Nov Dec

Do you have sustainable sale channels? Do you need to
search for whom to sale every year? How do you agree
regarding the price? .......ccceen. -

IV. Changes in forest products

What is your opinion: how the condition of forest have been
changed for the last 10 years?

a)degraded; 6)getting better ; 8) remained the same r) | don’t

know

If the answer is degraded or getting better: what are the
reasons for such condition in your opinion?

How the amount of walnut have been changed for the last 10
years in your opinion?

a)decreased, 6)increased , B)the same, r) | don’t know

If the response is the decreased, explain why do you think so?
How the amount of wild apples have been changed for the
last 10 years in your opinion?

a)decreased, 6)increased , B)the same, r) | don’t know

If the response is the decreased, explain why do you think so?
How the amount of other wild fruits have been changed for
the last 10 years in your opinion?

a) decreased, 6)increased , B)the same, r) | don’t know

If the response is the decreased, explain why do you think so?
| Family (labour)

8 How many people are in your family?

Number:|___ |

8.1 Number of men in your family (LF)
0-10 |0,3] Number:|___ |
11-16 |0,5] Number:|___ |
17 and more |1,0] Number:|___ |
8.2 Number of women in your family

0-10 |0,3] Number:|___ |
11-16 |0,5] Number:|___ |
17 and more |1,0] Number:|___ |

9 How many family members has non-agricultural income
sources?Amount:|___| (if 0 next question)
Number KGS/year
9.1 Invillage 1. Self employed ||
| |

2. Hired worker | |

4. State employee [ |

10 How many family members works out of village? If yes,

8. Pensioner | | |

what is the amount of annual remittances?
(if 0 next question)
Number KGS/year
| [
11 How many family members works abroad? If yes, what is
the amount of annual remittances?Number:| |
(if 0 next question)
number KGS/year
1. |
| | (momxHo gobasnsaTbes)
12 Could you please indicate the dependence of non-
agricultural income sources? CODE |__ | (ecam 10=0,
cneaytoLLmii Bonpoc)
1. Very (67%-100%)
3. Not much (0%-32%)

2. In the middle (33%-66%)



Il Land (asset)

13 How many ha of arable land did you cultivate last year?

ha |__| (if0, go to question 18)
14 Indicate type agricultural land
CODE |__|
1. Arable land ha|__ | 2. Rainfed ha|__|

8. Fallow ha|__ |
15 How many ha of them are your own?

ha| __|
16 What type of crops did you cultivate? (comment)
17 What is the size of your kitchen garden?

ha|__|
(if 0 next chapter)
18 What did you cultivate on your kitchen garden?
(comment)
19 How much do you earn from your kitchen garden?
KGS/year|___|

Il Mechanisation (assets)
20 Do you have agricultural equipment? 1.Yes 2. No (if
no, go to question 23)
21 If yes: What kind? (comment)
22 Do you provide contractors' services with your
machinery? 1-yes 2-no CODE |__ |
KGS/year|___|
23 Do you have any mechanization challenges with in your

If yes How much do you earn?

villages?
1. Old equipment 2. Deficit of equipment 4,
Services are expensive 8. Spares are expensive
IV Animal husbandry (assets, production system)
What kind of animals do you have?
1 Cattle 2 Horses 3 Sheep 4 Goats 5 Poultry 6
None
Animals
24 How many do you have? .......ccccvevveneneenne
Number |___| (umdpa)
24.1> 1 year ||
24.21 -2 year |
24.3 cow ||
24.4 bull ||
25 How much milk do you receive per cow/day?
Lo |
26 How many months does cow lactate? Month
I
27 Mortality rate of calves? Number |___ |
28 How many months do you feed calf with milk? Month
I

29 How many years do you use a cow? Year

30 Do you have fattened-up animals? 1-yes 2 - no
CODE |___|

If yes

31 How many cattle? Number |___|

31.1How long? Month |___|

32 Did you sell a cow last year? 1.Yes 2. No (if No,go to

question 33)

If yes: How many cattle and for how much? (comment)

Where did you sell animals?

1.0n farm 2. Local market 3. Other

How much did you pay per cow to get to market?
KGS/cow |___|

33 Did you process milk and sell it? 1.Yes 2. No (if no, go to

question 35)

34 If yes: What do you process, how much and the price?

(comment)

35 Do you use services of herders?  1Yes, 2 No (if no,

next q.) CODE|__|

If yes:

How many month/year? Month
|

How much do you pay per animal/month?
KGS/animal |___ |

Other payments (comment)

36 Did you animals suffer from any diseases? 1. Yes 2.No

(if no, g. 40)

37 If yes: Which? (comment)

38 How many cattle do you kill for your own consumtion?
animal|____ | (if 0, next chapter)

Horse, sheep, goats similar to cattle

Poultry

39 Do you have poultry? 1) Yes 2) No (if yes, next g.)

If yes Number|____ |

40 How many month does last grazing period of cattle?

Month | |
On remote pastures? Month | |
On middle pastures? Month | |

Near the settlements (forest)? Month | |

Kept indoor Month |__ |

41 How many month does last grazing perod of horses?
Month |__ |

On remote pastures? Month | |

On middle pastures? Month | |

Near the settlements (forest)? Month |___ |

Kept indoor Month |__ |

42 How much money do you spend for mdical treatment?

KGS/year|___ |
43 Do you purchase additional fodder? 1-Yes 2 - No

CODE|__|



If yes farm-households can be obtained upon request from the
44  How much? author.

Hay Bundle, vehicle| | KGS/ Bundle, vehicle | |;

Concentrates kg | | KGS/kg | |45
What do you produce additionally? (comment)
46 Do you bees? 1-Yes 2-No CODE

(if no, then next chapter)

47 How much honey do you collect month/year?

kg | |
48 How much do you sell? ke | |
49 What is the price? KGS/kg | |
50 Where do you sell it? CODE |__ |
1. Village 2. Intermediate 4. Market

51 List the expenses of beekeeping ~ (comment):
52 What challenges do you face in marketing your products

(comment)?

Open questions:
53 Could you indicate impact of animal husbandry (grazing
of animals) on wild apple trees? Could you tell if condition of

wild apple trees gets worse in last years?

54 What kind of changes did happen in agricultural
production system on your farm and overall- in the villages

during recent decades?

55 How well-developed tourism and processing of forest
fruits (wild apples) and agricultural products on your farm
(village)?

56 What kind of plan/strategy do you have to improve your
production methods (incl. Collecting wild apples and other
NTFP, advanced processing of them, tourism)?

57 Has the Covid-19 affected to your activities (income

sources, tourism, agricultural processes, etc.)?

In addition to this questionnaire, there is a second part of the
questionnaire on livestock and crop production properties
which was administered to more dedicated respondents. This

part as well as questionnaire administered to agropastoral



Appendix 2 Ethical approval for conducting survey

UNIVERSITY
OF CENTRAL ASIA

14 June 2021

Dear Azamat,

I am writing to you on behalf of the University of Central Asia’s Ethics Research Committee
(UCA ERC) in response to your submission of an application for ethical approval for your
study ‘Conservation and Research of Wild Fruit Species in Western Tian Shan, Kyrgyz
Republic’.

Having considered the information that you have provided, UCA ERC concluded that your
proposal meets the requirements placed upon the ethical approval for the project. However, in
light of COVID-19 cnisis, the full ethical approval is granted with the proviso that the safety of
both participants and researchers is of paramount importance and with considerations to limit
the spread of COVID-19 in our communities.

It is also cnitical that you follow all guidelines issued by national health authonities and
governments to ensure the compliance with all local requirements.

The standard conditions of the approval are:

e Approval is given for the entire period of study;
¢ Research should be conducted strictly in accordance with the submitted proposal and
granted ethics approval;
e Approval is given on condition that any alterations proposed to the approved protocol
are to be subnutted to UCA ERC for approval prior to the alterations being made;
. Anyisansimdaﬁontothepmjectdnt%mmnviewofﬂnaﬁwamovﬂof
the project need to be reported to UCA ERC;
* Research can be audited by UCA ERC during the research period to ensure
Please note that failure to comply with the conditions of approval and UCA ERC Guidelines
may result in a withdrawal of approval for the project.

You may now commence your project. We wish you all the best in your endeavour.
Yours Sincerely,

el
e

Salim Sumar
Chair, Ethics Research Commuttee

Fen!nl Administration Office
138 Toktogul Street, Bishkek, 720001, Kyrgyz Republic
Telephone: +996 (312) 910 822, Fax: +996 (312) 910 835

Campuses in: Naryn, Kyrgyz Republic - Khorog Tajikistan - Tekeli, Kazakhstan www.ucentralasia.org




Appendix 3 Expert estimates of market price and factor costs and their accuracies

Table A 1 Comparison of expert estimates of market price and factor costs with their practical
occurrence over time

Average Average Average Average Expert estimates of average Average Average
market market market market market price in December 2018, 2016 8€
. . . . . . . . 2016 within
Product price in price in price in price in KGS as % of -
December December December December most ranifar;:ln
2013,KGS  2014,KGS ~ 2015,KGS  2016,KGS  nin most R likely
likely
Potatoes o
(KGS/kg) 20 29 16.4 23 20 24 25.4 96% TRUE
Barley 0
(KGS/kg) 8 11.6 13 8.1 6.5 7.76 8.5 104% TRUE
sugar  beet 3 n/a 3.3 3.5 3 33 4.23 106% TRUE
(KGS/kg) . . . . 0
Vegetables
from kitchen
18 28 21 19 22 27 27.4 70% FALSE
garden
(KGS/kg)
Beef 299 352 324 297 296 320 347 93% TRUE
(KGS/kg) ’
Mutton
282 27 2 2 2 1 41 19 TRUE
(KGS/kg) 8 3 95 80 93 310 3 91% U
Horsemeat
2 14 292 264 1 11 49 TRUE
(KGS/kg) 90 330 3 9 6 30 3 94% U
Milk (KGS/kg) 35 40.8 36.7 36.7 36.4 38.5 46.5 95% TRUE
Processed
milk (cream) 199 223 213 220 229 248 278 88% FALSE
(KGS/kg)
Diesel (KGS/I) 40 42.5 37.4 32.7 38.8 41.6 47.2 79% FALSE
Saltpeter 0
(KGS/keg) 24 n/a 22 23 18 25 30 92% TRUE
Wage labour, - ) 8,470 8,682 9,863 6,955 7,247 11,178  136% TRUE
(KGS/month)
Interest 0
rate, % 23 n/a n/a 38 33 37.5 38 101% TRUE

Average exchange rate in December 2016, $1.00 = 68.8 Kyrgyz som (KGS) (www.oanda.com).
Source: National Statistical Committee and Ministry of Economy of the Kyrgyz Republic (2014-2016), expert interviews
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Appendix 4 Calculation of fodder energy content

Table A 2 Digestibility and feeding value of available feedstuff

0S!= 949 g 1.18 85% OS*= 923 g 1.18 85%
Sainfoin Meadow
hay hay
Gross energy g Factor GE?(MJ/kg) g Factor GE (MJ/kg)

In 1 kg DM: In 1 kg DM:
Crude protein 165.20 0.0239 = 3.95 Crude protein 129.41176 0.0239 = 3.09
Crude fat 29.50 0.0398 = 1.17 Crude fat 32.941176 0.0398 = 1.31
Crude fiber 265.5 0.0201 = 5.34  Crude fiber 263.52941 0.0201 = 5.30
NfE3 518.02 0.0175 = 9.07 NfE 518.82353 0.0175 = 9.08

MJ/kg (GE) 19.52 MJ/kg (GE) 18.78
In 1 kg DM: g Factor In 1 kg DM: g Factor
Digestible crude fat 16.23 0.0312 = 0.51 Digestible crude fat 16.470588 0.0312 = 0.51
Digestible crude fiber 132.75 0.0136 = 1.81 Digestible crude fiber 150.2 0.0136 = 2.04
Digestible OS** (crude fat & fiber) 562.78 0.0147 = 8.27  Digestible OS** (crude fat & fiber) 507.11 0.0147 = 7.45
Crude protein 165.20 0.00234 = 0.39  Crude protein 129.41176 0.00234 = 0.30

MJ/kg(ME) 10.97 MJ/kg(ME) 10.31
Calculation of the conversion efficiency Calculation of the conversion efficiency

(MJ/kg (GE)/MIMI/kg
q (MJ/kg (GE)/MIMJ/kg (ME))*100 56.19 q (ME))*100 54.92
NEL = 0,6*(1+0,004*(B19-57))*G16 MJ NEL/kg 6.56 NEL = MJ NEL/kg 6.14
Horse (Sainfoin) Horse (meadow hay)
g Factor g Factor
-3.54 -3.54

Crude protein 165.20 0.029 = 4.7908 Crude protein 129.41 0.029 = 3.7529412
Crude fat 29.50 0.042 = 1.239 Crude fat 32.94 0.042 = 1.3835294
Crude fiber 265.50 0.0001 = 0.02655  Crude fiber 263.53 0.0001 = 0.0263529
NfE 518.02 0.0185 = 9.58337 NfE 518.82 0.0185 = 9.5982353

MJ/kg (DE) 12.09972 11.221059  MJ/kg (DE)

!0rganic substance; 2Gross energy; 3N-free extract substances (NfE in German) are only recorded calculatively in feed analysis; *“MJ Megajoule; >NEL net energy content for lactation (for dairy cows); ®ME metabolizable energy

(for ruminant animals); ’DE digestible energy (for horses).

vii



Table A 2 (continued)

OS*= 930 g 1.20 83% DM 0OS*= 972 g 1.204819 0.83
Barley
straw Barley
g Factor g Factor
In 1 kg DM: In 1 kg DM:
Crude protein 51.81 0.02 = 1.24 Crude protein 148.2 0.024 = 3.54
Crude fat 25.30 0.04 = 1.01 Crude fat 20.5 0.040 = 0.82
Crude fiber 422.89 0.02 = 8.50 Crude fiber 69.9 0.020 = 1.40
NfE 400.00 0.02 = 7.00 NfE 802.4 0.018 = 14.04
MJ/kg(GE) 17.75 MIJ/kg (GE) MJ/kg (GE)  19.80
In 1 kg DM: g Factor In 1 kg DM: g Factor
Digestible crude fat 8.86 0.03 = 0.28 Digestible crude fat 12.90 0.031 = 0.40
Digestible crude fiber 228.36 0.01 = 3.11 Digestible crude fiber 4.19 0.014 = 0.06
Digestible OS** (crude fat & fiber) 237.08 0.01 = 3.49 Digestible OS** (crude fat & fiber) 877.14 0.015 = 12.89
Crude protein 51.81 0.00 = 0.12 Crude protein 148.19 0.002 = 0.35
MJ/kg(ME) 6.99  MIJ/kg(ME) MJ/kg(ME)  13.70
Calculation of the conversion efficiency Calculation of the conversion efficiency
q (MJ/kg (GE)/MIMI/kg (ME))*100 39.38 q (MJ/kg (GE)/MIMI/kg (ME))*100 69.18
NEL MINEL/kg 3.90 MINEL/kg NEL MJINEL/kg 8.62
Horses (barley straw) Horses (barley grain)
g Factor g Factor
3.54 -3.54
Crude protein 51.81 0.03 = 1.50 Crude protein 148.19 0.03 = 4.2976
Crude fat 25.30 0.04 = 1.06 Crude fat 20.48 0.04 = 0.8602
Crude fiber 422.89 0.00 = 0.04 Crude fiber 69.88 0.00 = 0.007
NfE 400.00 0.02 = 7.40 NfE 802.41 0.02 = 14.845
6.47 MJ/kg(DE) 16.469 MJ/kg(DE)

!0rganic substance; 2Gross energy; 3N-free extract substances (NfE in German) are only recorded calculatively in feed analysis; *MJ Megajoule; >NEL net energy content for lactation (for dairy cows); ®ME metabolizable energy

(for ruminant animals); ’DE digestible energy (for horses).
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Appendix 5 Test of significant differnces of selected variables by analysis of variance (oneway) and t-test

Table A 3 Tests of homogeneity of variances

One-way
Levene
Statistic dfl df2 Sig.
Herd size Based on Mean 9.045 2 217.00 0.00
Based on Median 8.023 2 217.00 0.00
Based on Median and with adjusted df 8.023 2 204.63 0.00
Based on trimmed mean 8.811 2 217.00 0.00
Off-farm income Based on Mean 6.015 2 217.00 0.00
Based on Median 5.275 2 217.00 0.01
Based on Median and with adjusted df 5.275 2 206.94 0.01
Based on trimmed mean 5.995 2 217.00 0.00
Walnut revenues Based on Mean 38.486 2 217.00 0.00
Based on Median 30.988 2 217.00 0.00
Based on Median and with adjusted df 30.988 2 140.77 0.00
Based on trimmed mean 36.139 2 217.00 0.00
Other NTFP revenues Based on Mean 1.702 2 217.00 0.18
Based on Median 0.644 2 217.00 0.53
Based on Median and with adjusted df 0.644 2 166.24 0.53
Based on trimmed mean 0.977 2 217.00 0.38
Table A 4 One-way ANOVA test results
ANOVA
Sum of Squares df Mean Square F Sig.
Herd size Between Groups 2118 2.0 1059 123.542 0.000
Within Groups 1860 217.0 9
Total 3978 219.0
Off-farm income Between Groups 633606381356 2.0 316803190678 22.385 0.000
Within Groups 3071154265735 217.0 14152784635
Total 3704760647091 219.0
Walnut revenues Between Groups 4728535319481 2.0 2364267659740 135.408 0.000
Within Groups 3788892889610 217.0 17460335897
Total 8517428209091 219.0
Other NTFP revenues Between Groups 4398983937 2.0 2199491969 6.909 0.001
Within Groups 69084542008 217.0 318361945
Total 73483525945 219.0




Table A 5 Post hoc tests

Tukey HSD (honestly significant difference)

Multiple Comparisons

Dependent Variable Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval
Lower Bound  Upper Bound
Herd size 2 -8.2036* 0.54 0.00 -9.47 -6.94
3 -0.85082 0.44 0.14 -1.90 0.19
1 8.2036* 0.54 0.00 6.94 9.47
3 7.3528* 0.56 0.00 6.03 8.68
1 0.850817 0.44 0.14 -0.19 1.90
2 -7.3528* 0.56 0.00 -8.68 -6.03
Off-farm income 2 -94584.300* 21842.56 0.00 -146130.77 -43037.83
3 57993.622* 17998.03 0.00 15519.91 100467.33
1 94584.300* 21842.56 0.00 43037.83 146130.77
3 152577.922* 22820.46 0.00 98723.71 206432.14
1 -57993.622* 17998.03 0.00 -100467.33 -15519.91
2 -152577.922%* 22820.46 0.00 -206432.14 -98723.71
Walnut revenues 2 -121857.143%* 24261.02 0.00 -179110.94 -64603.35
3 -328493.506* 19990.80 0.00 -375669.99 -281317.03
1 121857.143* 24261.02 0.00 64603.35 179110.94
3 -206636.364* 25347.19 0.00 -266453.42 -146819.31
1 328493.506* 19990.80 0.00 281317.03 375669.99
2 206636.364* 25347.19 0.00 146819.31 266453.42
Other NTFP revenues 2 -4612.12 3276.00 0.34 -12343.17 3118.93
3 -10031.2558* 2699.38 0.00 -16401.55 -3660.96
1 4612.122 3276.00 0.34 -3118.93 12343.17
3 -5419.13 3422.66 0.26 -13496.31 2658.04
1 10031.2558* 2699.38 0.00 3660.96 16401.55
2 5419.134 3422.66 0.26 -2658.04 13496.31

*The mean difference is significant at the 0.05 level.



Table A 6 Homogeneous subsets for variable
‘herd size’

Table A 8 Homogeneous subsets for variable
‘Walnut revenues’

Herd size, LU

Total walnut revenues

Tukey HSD*?
Cluster Number

Tukey HSD*?
Cluster Number

of Case N Subset foralpha = 0.05 of Case N Subset for alpha = 0.05
1 2 1 2 3
101 4.630 1 101 40000
77 5.481 42 161857.1
42 12.833 77 368493.5
Sig. 0.228 1.00 Sig. 1.00 1.00 1.00

Means for groups in homogeneous subsets are displayed.

3 Uses Harmonic Mean Sample Size = 64.243.

b The group sizes are unequal.

The harmonic mean of the group sizes is used. Type | error
levels are not guaranteed.

Table A 7 Homogeneous subsets for variable
‘total off-farm income’

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 64.243.

b. The group sizes are unequal. The harmonic mean of the
group sizes is used

Table A 9 Homogeneous subsets for variable
‘other NTFP revenues’

Off-farm income

Other NTFP revenues

Tukey HSD*?
Cluster Number

Tukey HSD*?
Cluster Number

of Case N Subset for alpha = 0.05 of Case N Subset for alpha = 0.05
1 2 3 1 2
3 77 120994 1 101 11169.31
101 178987 42 15781.43 15781.43
2 42 273571 3 77 21200.56
Sig. 1.00 1.00 1.00 Sig. 0.309 0.19

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 64.243.

b. The group sizes are unequal. The harmonic mean of the
group sizes is used.

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 64.243.

b The group sizes are unequal.

The harmonic mean of the group sizes is used. Type | error
levels are not guaranteed
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Table A 10 Group statistics (agropastoral farms-households)

(Z-Scores)
Group Statistics
Std. Std. Error
Ward Method N Mean Deviation Mean
Elevation of village 1 104 -0.859 0.613 0.060
2 129 0.693 0.654 0.058
Cultivated area 1 104 -0.195 0.369 0.036
2 129 0.157 1.283 0.113
Pasturing period 1 104 0.415 0.591 0.058
2 129 -0.335 1.131 0.100
Off-farm income 1 104 0.148 1.213 0.119
2 129 -0.120 0.773 0.068
Table A 11 Independent samples test
Levene's Test t-test for
for Equality of Equality of
Variances Means
F Sig. ¢ df S(;g .Mean St.d. Error  95% Cor‘n‘idence Interval
tailed) Difference  Difference of the Difference
Lower Upper
Elevation of village 6.50 0.01 -18.53 231 0.00 -1.552 0.084 -1.717 -1.387
-18.65 225.7 0.00 -1.552 0.083 -1.716 -1.388
Cultivated area 25.93 0.00 -2.706 231 0.00 -0.352 0.13 -0.608 -0.096
-2.966 153.57 0.00 -0.352 0.119 -0.586 -0.117
Pasturing period 7.71 0.01 6.124 231 0.00 0.75 0.123 0.509 0.992
6.512 200.7 0.00 0.75 0.115 0.523 0.977
Off-farm income 6.94 0.01 2.049 231 0.042 0.268 0.131 0.01 0.526
1.958 167.0 0.052 0.268 0.137 -0.002 0.539
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Appendix 6 Gross margin calculations of the cultivated crops and raised animals

Table A 12 Detailed gross margin calculation of the cultivated crops in JH nd JM farming systems

n= 37 Wheat JaiMi n=4 Wheat JaiHi n=75 Barley JaiMi n= 5_2 Barlgx Jai
Market performance Variable Share |Amount| KGS/Unit| KGS/ha |Variables [Amount| KGS/Unit | KGS/ha Variables /Amount| KGS/Unit | KGS/ha |Variables /Amount| KGS/Unit | KGS/ha
Yield t/ha 2.6 2.2 24 22
[Hauptleistung: KGS/t 10.4} 2527 10.4 26346 8.68| 2025 8.7 17567] 8.78| 2389 8.8 20984 &2 2187 9.2 20049
[Nebenleistung | KGSHt 52| 3% 50 5.2 7 4.3 25% 200 4.3 217
Nebenleistung Il KGS/bundle 46| 74% 85.6] 46 2921 39( 100% 72.8 39 2821 45| 71% 87.6 45 2786 45| T7% 87.4] 45 3058]
Market performance total 29274.8 20604.8 23770.5| 23107.3]
|Proportional variable costs
Seed JAmount| KGS/Unit | KGS/ha Share /Amount| KGS/Unit | KGS/ha /Amount| KGS/Unit | KGS/ha /Amount| KGS/Unit | KGS/ha
Own seed 222 9.9 2196 188 8 1545 196 8.3 1637 139 9 1207]
Bght-seed KGSh 19.8 39 20 774] 22.0 63 22 1375 16.3 58, 16 943| 14.4 106 14 1519
Total costs for seed 2970 2920 2580) 2726
Fertilization Share) |JAmount| KGS/kg | KGS/ha IAmount| KGS/kg | KGS/ha IAmount| KGS/kg | KGS/ha IAmount| KGS/kg | KGS/ha
N (Saltpetre 32%, 42%) KGS/kg 26 5% 50.00 26.00 70 0 0% 0.00 0.00 0 31 4% 108 31.00 134 35 2% 100 35.00 67]
NPK Aquarin, Nutrivant KGs/kg 167 8% 7.33 166.67 99 0 0% 0.00 0.00 0 150 1% 1.67 150.00 3.33 0 0% 0 0 0.00}
Manure KGS/t 563 | 11% 4.00 | 562.50 243 0 0% 0.00 0.00 0 117 4% 9.67 | 116.67 45| 200 2% 6.00 | 200.00 23]
Fertilization total 413 183 90
Plant protection |JAmount| KGS/Unit | KGS/ha [Amount| KGS/Unit | KGS/ha /Amount| KGS/Unit | KGS/ha IAmount| KGS/Unit |KGS/ha
Treatment KGS/kg 1 38% 266 1 101 1 100% 250 1 250 1 23% 256 1 58 1 23% 211 1 49|
Herbicide KGS/Unit 298 | 22% 2.03 298 131 0 0% 0 0 573 | 12% 1.36 573 93| 115 4% 0.62 115 3]
Insecticide (PO China) 0.0 0 0 0 0 500 1% 1.00 500 6.7, 0 0.00 0 0.0]
(PO KARATE ZEON)
Fungicide 338 11% 1.00 338 36 0 0 0 325 3% 1.00 325 9| 513 4% 1.50 513 30|
Pflanzenschutz gesamt 268| 250 167 81
Services Share{Amoun| Unit | KGS/Unit| KGS/ha Amoun| Unit | KGS/Unit| KGS/ha /Amoun| Unit/ha| KGS/Unit | KGS/ha Amoun| Unit | KGS/Unit| KGS/ha
Ploughing
Diesel KGS/I 38.4 1.0 29.0 38.4 1114 39.5 1.0 28.3 39.5 1119 38.5 1.0 311 38.5 1022 40.0 1.0 30.6 40.0 1037
Service of contrackGstha 854 1100%| 1.0 854 854 755 1100%| 1.0 755 755 746 85% | 1.0 746 636 537 85% 1.0 537 455
Harrowing
Diesel 1.00 | 9.89 38.4 287 1.00 | 10.00 39.5 198 1.00 | 9.64 38.5 297 1.00 | 9.56 40.0 287
Service of contrackGsha 402 76% | 1.00 402 304 280 50% | 1.00 280 140 433 80% | 1.00 433 347 353 75% | 1.00 353 265
Distributor (Fertilizer)
Diesel 1.00 | 5.00 38.4 5 39.5 0 1.00 | 5.00 38.5 5.14 0.00 | 0.00 40.0 0.00
Service of contracKGs/ha 315 3% | 1.00 315 8.51 0% 0 0 308 3% | 1.00 308 8.20 0 0% 0 0.00
Seeding
Diesel 1.00 | 10.66 38.4 321 1.00 | 9.67 39.5 286 1.00 | 10.58 38.5 326 1.00 [ 9.72 40.0 292
Service of contrackGs/ha 472 78% | 1.00 472 370 353 75% | 1.00 353 265 497 80% | 1.00 497 398 344 75% | 1.00 344 258
Sprayer
Diesel 1.43 | 6.86 38.4 71 39.5 0 1.18 [ 7.09 38.5 51.65 0.00 | 0.00 40.0 0.00
Service of contrackGs/ha 364 19% | 1.43 364 98 0% 0 0 312 16% | 1.18 312 58.98 0 0 0.00
Harvester (PO/SB Digger)
Diesel 1.00 | 3451 38.4 1325 1.00 | 37.50 39.5 1481 1.00 | 32.65 38.5 1240.86 1.00 [ 32.16 40.0 1262
Service of contracKGS/ha 746 [100% | 1.00 746 746 743 [100% | 1.00 743 743 842 99% 842 0.00 936 98% | 1.00 936 918
Truck
Benzin | Kesn 314 | 12 | 810 600 [ 310 | 185 [“sia | 266 [ 321 620 [ s21 | 215 |
Service of contrackGSha 446 377 564 [100% [ 1.00 564 564 448 0 432 432 0
Mower (Hill up PO)
Diesel 38.4 0 39.5 0 38.5 0 40.0 0
Service of contractor 0 0 0 0
Baler
_Service of contrackGS/ha 133 | 68% 85.6 13.30 769 10.5 |100% 72.8 10.54 767 18.4 | 65% 87.6 18.36 1051 125 | 75% 87.4 12.47 817
Total costs for services 6821 6504 5708 5866
Variable costs of own mechaniz. KGS/ha|Amour| Share |Amount| KGS/Unit| KGS/ha | KGS/ha|Amour| Share |Amount| KGS/Unit | KGS/ha | KGS/ha[Amoun| Share [Amount| KGS/Unit| KGS/ha | KGS/ha|Amour| Share |Amount] KGS/Unit | KGS/ha
VC KGS/hf 707.8 1182.8| 498.63 736.17|
Diesel 90% 640 [ 38% 6.3 38.4 241] 89% [1048 | 40% | 10.5 39.5 417 90% 451 | 38% 4.4 38.5 170[ 89% 653 | 38% 6.1 40.0 246
Benzin 90% 640 | 62% [ 12.7 31.4 399 89% [1048 [ 60% [ 20.4 31.0 632[ 90% 451 [ 62% 8.9 31.4 281 89% 653 [ 62% [ 12.7 32.1 407
Reparatur 10% 68.2 1.00 68.2 68 11% [134.3 1.00 134.3 134] 10% 48.1 1.00 48.1 48] 11% 83.6 1.00 83.6 84
Total 708 1183 499 736
Total proportional variable costs 11180 10857 9135 9500
[Amount of coverage 18094.6| 9747.56] 14635.1 13607.4}
[Short term assets in average 50% [of var. cos{ 5590.1 50% [of var. cos{ 5428.6 50% |of var. cos{ 4567.7 50%|of var. cos{ 4749.9
Costs for capital for short term assets
Share [Amount % KGS/ha Share [Amount % KGS/ha Share [Amount| % KGS/ha Share [Amount| % KGS/ha
Own capital 12% 0.96 [ 5381 12% 646 12% 1.00 | 5429 12% 651 12% 0.92 [ 4194 12% 503 12% 0.95 [ 4490 12% 539
Borrowed capital 19% 0.04 [ 209 19% 40 19% 0.00 0 19% 0 22% 0.08 [ 374 22% 82 22% 0.05 [ 260 22% 57
Total costs for capital 40 0 82 57
Costs for labour
Total n{Share [m.h./ha|KGS/h _ [KGS/ha Total n|Share [m.h./ha]KGS/h _ [KGS/ha Total njShare |m.h./ha|KGS/h KGS/ha Total njShare |m.h./ha|KGS/h KGS/ha
Own labour KGS/m.h. 34 48 | 87% 42 34 1412 34 46 | 81% 38 34 1280 34 48 | 87% 42 34 1412 34 46 | 81% 38 34 1280
Wage labour KGS/m.h. 85 48 13% 6 85 536 85 46 19% 9 85 731 85 48 13% 6 85 536 85 46 19% 9 85 731
536 731 536 731
Costs for land Share | KGS/ha KGS Share | KGS/ha KGS Share | KGS/ha KGS Share | KGS/ha KGS
Own land KGS/ha 3468 73% 3468 2535 1900 63% 1900 1202 3468 73% 3468 2535 1900 63% 1900 1202
Leased land KGS/ha 3468 27% 3468 932 1900 37% 1900 698 3468 27% 3468 932 1900 37% 1900 698
Total costs for land 932] 698] 932] 698
Other production costs 743 735 743 735
Variable costs Il total 2252 2164 2293 2220}
Total production costs KGS/ha(ohne AV, fix. Costs) 13432 13021} 11429 11720
Profit KGS/ha (without fix&inderect costs) [ 15843} 7584 12342 11387
Average Profit total KGS I 0.46 1.3 0.34 7220 0.07 2.3 0.03 546 1.03 L5 0.69 12765 1.78 4.3 0.42 20297

Average exchange rate in 2013, $1.00 = 47.8 Kyrgyz som (KGS) (adapted from www.oanda.com)



Table A 12 (continued).

n= 58 Potatoes JaiMi n= 47 Potatoes JaiHi n= 81 Alfalfa JaiMi n=9 Alfalfa JaiHi
Market performance Variables /Amount| KGS/Unit | KGS/ha |Variables IAmount| KGS/Unit | KGS/ha |Variables I IAmount| KGS/Unit | KGS/ha |Variables I |Amount| KGS/Unit | KGS/ha
Yield tha 185 22.4 [ 6437175 [ 382253
iHauptIeislung: KGSht 11.76] 12256 12 144118 10 13531 10|  137903] 146|bundle (17 kg)| 377.5 146 55128 147|bundle (17 kg)| 225.3 147 33167
[Nebenleistung KGSHt 7 6201 7| 43748 6 8825 6| 53962 0 0|
Nebenleistung Il KGS/bundle 1 368.2 1 433] 1 95.7 1 98| 0] of
Market performance total 188299 191963 55127.7 33167.1
|Proportional variable costs
Seed /Amount| KGS/Unit | KGS/ha /Amount| KGS/Unit | KGS/ha Amount| KGS/Unit | KGS/ha |Amount| KGS/Unit | KGS/ha
Own seed 3323 11 35164 2765 9 25359.37]
Bght-seed KGS/t 210 13 2766 21 107 21 2279| 450 5.00 450 2250 450 5.00 450 2250
Total costs for seed 37931 27639 2250 2250
Fertilization /Amount| KGS/kg | KGS/ha IAmount| KGS/kg | KGS/ha |/Amount| KGS/kg | KGS/ha |JAmount| KGS/kg | KGS/ha
N (Saltpetre 32%, 42%) KGS/kg 36% 219 22.14 1754 28 4% 85 28.00 101 0.00 0.00 0 0.00 0.00 0
NPK Aguarin, Nutrivant KGS/kg 195 2% 3.00 195.00 10 0 0 0.00 0 0.00 0.00 0 0.00 0.00 0.0
Manure KGS/t 141 45% 6.69 141 423 141 94% 7.81 141 1029 0.00 0.00 0 0.00 0.00 0.0
Fertilization total 2,187 1,130 0 0
Plant protection IAmount| KGS/Unit |KGS/ha IAmount| KGS/Unit [KGS/ha |Amount| KGS/Unit [KGS/ha |IAmount| KGS/Unit [KGS/ha
Treatment KGS/kg 0 0 0 0.0 0 0 0 0 0 0 0 0 0
Herbicide KGS/Unit 1015 | 21% 1.37 1015 287 827 | 26% 1.00 827 211 0 0 0 0 0 0
Insecticide (PO China) 5.5 22% 24.54 5.5 30 0.0 0% 0.00 0 0 0 0 0 0 0 0
Ir icide (PO KARATE ZEON) 1577 | 22% 1.62 1577 571 0 0% 0.00 0 0 0 0 0 0 0 0
Fungicide 1060 9% 2.10 1060 192 0 0% 0.00 0 0 0 0 0 0 0 0
Pflanzenschutz gesamt 1080 211 0] [y
Services /Amoun| Unit/ha| KGS/Unit | KGS/ha Amoun| Unit | KGS/Unit| KGS/ha Amoun| Unit/ha| KGS/Unit | KGS/ha Amoun| Unit |KGS/Unit| KGS/ha
Ploughing
Diesel KGS/ 38.4 1.00 | 30.7 38.4 1015 40.4 1.00 | 31.2 40.4 672 38.5 0.00 0.0 38.5 0 40.2 0.00 0.0 40.2 0
Service of contrackGstha 712 86% | 1.00 712 614 917 53% | 1.00 917 488 0 0% | 0.00 0 0 0 0% | 0.00 0 0
Harrowing
Diesel 1.00 9.0 38.4 191 1.00 8.7 40.4 127 1.00 8.0 38.5 15 0.00 0.0 40.2 0
Service of contracKGS/ha 386 | 55% | 1.00 386 213 438 | 36% | 1.00 438 159 344 5% | 1.00 344 17 0 0.00 0 0
Distributor (Fertilizer)
Diesel 1.00 | 5.00 38.4 7 0.00 | 0.00 40.4 0 0.00 | 0.00 38.5 0 0.00 | 0.00 40.2 0.00
Service of contrackGsha 313 3% | 1.00 313 11 0 0% | 0.00 0 0 0 0 0 0 0 0
Seeding
Diesel 1.00 | 29.26 38.4 658 1.00 | 35.00 40.4 60 0.00 | 0.00 38.5 0 0.00 [ 0.00 40.2 0
Service of contracKGSha 984 | 59% | 1.00 984 577 983 | 4% | 1.00 983 42 0 0 0 0 0 0
Sprayer
Diesel 1.50 | 8.80 38.4 87 0.00 | 0.00 40.4 0 0.00 [395.84 38.5 ] 0.00 [ 0.00 40.2 0
Service of contrackGsha 326 17% | 1.50 326 84 0 0% | 0.00 0 0 0 0 0 0 0 0
Harvester (PO/SB Digger)
Diesel 1.00 | 44.02 38.4 1253 1.00 | 37.50 40.4 194 0.00 | 0.00 38.5 0 0.00 | 0.00 40.2 0
Service of contracKGSha 2378 [ 74% [ 1.00 2378 1763 1055 [ 13% [ 1.00 1055 135 0 0 0 0 0 0
Truck
Benzin KGS/I 31 3.23 [ 6.25 314 306 32 2.67 | 5.00 32.0 73 31 2.52 | 576 31.3 298 32 150 [ 6.25 31.8 19
Service of contrackGsiha 310 48% | 3.23 310 484 340 17% | 2.67 340 154 350 66% [ 2.52 [ 1.00 350 578 302 6% [ 1.50 302 29
Mower (Hill up PO)
Diesel 2.53 [11.194 38.4 599 15 16.5 40.4 149 1.961 10 38.5 670 1.22 10 40.2 35
Service of contractor 396 [ 55% | 2.53 396 552 467 | 15% | 1.5 466.86 104 1050 | 89% [ 1.961 1050 1829 920 7% | 1.22 920 81
Baler
Service of contracKGS/ha 115 [ 79% 377.5 11.49 3426 9.8 56% 225.3 9.77 1222
Total costs for services 8416 2357 6835) 1387
Variable costs of own mechaniz. KGS/ha|Amoun| Share [Amount| KGS/Unit | KGS/ha |KGS/ha|Amoun| Share [Amount| KGS/Unit | KGS/ha | KGS/ha[Amoun| Share |Amount| KGS/Unit | KGS/ha | KGS/ha[Amoun| Share |Amount| KGS/Unit | KGS/ha
VC KGS/h{ 1127.8 36 678.31] 686.11]
Diesel 96% [ 1079 [ 43% [ 12.2 38.4 469 96% 35 | 43% [ 0.4 40.4 15[ 96% 649 | 84% [ 14.2 38.5 547 89% 614 | 91% [ 13.8 40.2 556
Benzin 96% [ 1079 [ 57% | 19.4 31.4 610[ 96% 35 [ 57% | 06 32.0 20] 96% 649 | 16% 3.3 313 102 89% 614 [ 9% 1.8 31.8 57|
Reparatur 4% 48.8 1.00 48.8 49 4% 1.6 1.00 1.6 2[ 4% 28.9 1.00 28.9 29[ 11% 72.3 1.00 72.3 72
Total 1128 36 678 686
Total proportional variable costs 50741 31372 9763 4323
[Amount of coverage 137558 160591 45364.9) 28844.2]
Short term assets in average 50% |of var. cos| 25371 50% |of var. cos{ 15686.2 50%|of var. cos{ 4881.4 50% |of var. cos{ 2161.4
Costs for capital for short term assets
Share [Amount| % KGS/ha Share [Amount| % KGS/ha Share [Amount| % KGS/ha Share [Amount % KGS/ha
Own capital 12% 0.92 [ 23220 12% 2786 12% 92% | 14356 12% 1723 12% 0.91 [ 4458 12% 535 12% 92% | 1993 12% 239
Borrowed capital 22% 0.08 [ 2151 22% 469 21% 8% | 1330 21% 275 20% 0.09 [ 423 20% 83 23% 8% 168 23% 39
Total costs for capital 469 275 83 39
Costs for labour
Total n|Share |m.h./ha|KGS/h KGS/ha Total n{Share |m.h./ha|KGS/h KGS/ha Total n{Share |m.h./ha|KGS/h KGS/ha Total njShare [m.h./ha|KGS/h KGS/ha
Own labour KGS/m.h. 34 414 | 62% | 259 34 8798 34 414 [ 90% [ 371 34 12626 35 70 | 85% 60 35 2091 37 62 | 89% 56 37 2056
Wage labour KGS/m.h. 85 414 | 38% [ 155 85 13209 85 414 | 10% 43 85 3639 87 70 [ 15% 10 87 901 92 62 [ 11% 7 92 610
13209 3639 901 610
Costs for land Share | KGS/ha KGS Share | KGS/ha KGS Share | KGS/ha KGS Share | KGS/ha KGS
Own land KGS/ha 4610 76% 4610 3518 2335 86% 2335 2010 3906 75% 3906 2932 3906 84% 3906 3286
Leased land KGS/ha 4610 24% 4610 1092 2335 14% 2335 326 3906 25% 3906 974 3906 16% 3906 621
Total costs for land 1092 326 974 621]
Other production costs 2067 1929 748 440
Variable costs Il total 16836 6170) 2706 1709
Total production costs KGS/ha(ohne AV|fix. Costs) 67577 37542 12469 6031
Profit KGS/ha (without fix&inderect costf) I 120722 154421 42659 27136
|Average Profit total KGS I 0.38 0.7 0.54 46456 0.10 | 0.27 0.38 15627 1.44 L) 0.75 61279 0.12 17 0.07 3321

Average exchange rate in 2013, $1.00 = 47.8 Kyrgyz som (KGS) (adapted from www.oanda.com)
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Table A 12 (continued).

n=17 Sainfoin JaiMi n= 54 Sainfoin JaiHi n= 47 Hay meadow JaiMi n= 70 Hay meadow JaiHi
Market performance Variables | lAmount| KGS/Unit| KGS/ha [Variables | lAmount| KGS/Unit| KGS/ha [Variables | Amount |KGS/Unit| KGS/ha [Variables | /Amount| KGS/Unit | KGS/ha
Yield tha [ a1[2a19 [ 33[196.1 [ 27[ 1562 [ 19113
[Hauptleistung: KGSHt 115|bundle (17 kg)| 241.9! 115 27745 1 (17 kg)| 196.1 125 24499 91|bundle (17 kg)|  156.2 91| 14284  116|bundle (17 kg)| 111.3] 116)  12870]
[Nebenleistung | KGSHt 0 0 0 o
Nebenleistung Il KGS/bundle| of 0f of of
Market performance total 277454 24498.9 14284.4 12869.9]
|Proportional variable costs
Seed |Amount| KGS/Unit | KGS/ha |Amount| KGS/Unit | KGS/ha Amount [ KGS/Unit| KGS/ha lAmount| KGS/Unit | KGS/ha
Own seed 0.0 103 1 0.0 112 0.234401 0.0 82 0| 0.0 104 0f
Bght-seed KGS/t 100 33.00 100 3300[ 100 33.00 100 3300 0 0.00 0 0| 0 0.00 0 0f
Total costs for seed 3301 3300 0| 0f
Fertilization |JAmount| KGS/kg | KGS/ha |JAmount| KGS/kg | KGS/ha Amount | KGS/kg | KGS/ha IAmount| KGS/kg | KGS/ha
N (Saltpetre 32%, 42%) KGS/kg 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0
NPK Aquarin, Nutrivant KGS/kg 0.00 0.00 0 0.00 0.00 0.0 0.00 0.00 0 0.00 0.00 0.0
Manure KGsh 0.00 0.00 0 0.00 0.00 0.0 0.00 0.00 0 0.00 0.00 0.0
Fertilization total 0 0 0 0
Plant protection |JAmount| KGS/Unit [KGS/ha |JAmount| KGS/Unit [KGS/ha Amount [ KGS/Unit [KGS/ha IAmount| KGS/Unit [KGS/ha
Treatment KGS/kg 0 0 0 0.0 0 0 0 0 0 0.0 0 0
Herbicide KGS/Unit 0 o 0 0 o 0 0 0 o 0
(PO China) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0
Insecticide (PO KARATE ZEON) 0 0 0 0 ] 0 0 0 0 0 0 0
Fungicide 0 0 0 0 9] 0 0 0 0 0 0 o
Pflanzenschutz gesamt 0] Y 0| 0f
Services /Amoun| Unit/ha| KGS/Unit | KGS/ha Amoun| Unit | KGS/Unit| KGS/ha Amoun| Unit/ha | KGS/Unit| KGS/ha Amoun| Unit | KGS/Unit| KGS/ha
Ploughing
Diesel KGS/I 39.4 1.00 | 30.0 39.4 208 40.5 1.00 | 30.0 40.5 158 38.0 0.00 0.0 38.0 0 38.4 0.00 0.0 38.4 0
Service of contrackGs/a 780 | 18% | 1.00 780 138 903 | 13% | 1.00 903 117 0 1.00 0 0 0 1.00 0 0
Harrowing
Diesel 1.00 | 10.0 39.4 93 1.00 | 10.0 40.5 53 0.00 0.0 38.0 0 0.00 [ 0.0 38.4 0
Service of contrackGs/ha 300 24% | 1.00 300 71 311 13% | 1.00 311 40 0 1.00 0 0 0 1.00 0 0
Distributor (Fertilizer)
Diesel 0.00 [ 0.00 39.4 0 0.00 [ 0.00 40.5 0 0.00 0.00 38.0 0 0.00 [ 0.00 38.4 0
Service of contrackGs/a 0 0 0 0 0 0 0 1.00 0 0 0 1.00 0 0
Seeding
Diesel 1.00 | 10.00 39.4 69 1.00 | 10.00 40.5 38 0.00 0.00 38.0 0 0.00 | 0.00 38.4 0
Service of contrackGs/ha 403 18% | 1.00 403 