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Abstract

Eastern Europe and Central Asia is a major foodlywer and exporter. Almost a quarter of
world wheat exports come from the region, and dapgcfrom Kazakhstan, Russia and

Ukraine (RUK). The potential of these countrieb&ézome a “bread basket” for the world has
been emphasized because of already large produatibexports and their “immense land and
yield reserves”, referring to the abandonment ofartban 50 million hectares of cropland and
the large drop in crop productivity in the 1990owéver, there is considerable uncertainty
about the potential of this land for food produntidn this paper we review interdisciplinary

literature and empirical evidence, predictions ofduction potential and impacts of climate
change; and discuss the potential of the regidmetmme a reliable breadbasket of the world.
From a biophysical (crop growth) perspective, undiéierent scenarios of increased yields,
land use and climate change effects, RUK couldycedn additional 40 to 110 million tons of

wheat compared to current production, which wouddasubstantial additional production.

However economic incentives, in particular the atioh of food prices and competition from

other crops, are likely to significantly constrahese potentials. In addition, the introduction
of export restrictions during recent times of higtices raised concerns on the reliability of
RUK as exporters.



1 Introduction

The “transition countries” of Eastern Europe anat@e Asia (ECA) are major food producers,
in particular for products like cereals and dasgd Appendix Al for country details). Itis in
particular their role as producer and exporter beat that has attracted much attention in the
global food security debate. The region accoumtsapproximately 18% of the worlds’ wheat
production and 22% of global wheat exports. Th@gomaheat producing countries are Russia,
Ukraine and Kazakhstan (RUK). They account for aimall exports. Wheat exports from
RUK already increased dramatically compared tokbginning of the 1990s: from around 5
million tons (Mt) in 1992-1994 to more than 34 Mt2010-2012.

The potential of these countries to become a “lvasket” for the world has been
emphasized because the already large productioremorts can be further augmented with
their “immense land and yield reserves” (Glaubeal €2014). This potential is associated with
the huge decline in land use and agricultural pectidn during the transition process from a
centrally planned economy to a more market-oriedtaéconomy. Between 50 and 60 million
hectares (Mha) of land were abandoned — equivadealmost 50% of the current land use in
RUK alone. However, there is considerable uncatiyabout the potential of all this land to be
put back in use for food production and what thieacyield potential is (Kraemat al, 2015;
Liefert and Liefert, 2015). In this paper we ravi¢he predictions of studies from different
disciplines on this. Because of space constraimisbecause the vast majority of studies and
simulations focus on grain production in RUK, weoatoncentrate on this in our review.

We start our paper with a brief discussion of taagition process and its implications,
observations on output and productivity evoluticamsd the current state of agricultural

production. Afterwards we discuss changes in lasgland yields and predictions on the grain



production potential for the future. We concludéhvwa discussion of the potential of the region

to become a reliable breadbasket of the world.

2 The Transition Process and Its Implications

The transition of agriculture implied major adjusims and a dramatic initial decline in input
use, productivity and output, taking the form of-aurve! Liberalization implied the removal

of agricultural subsidies which caused output amglis to fall. Liberalization, privatization

and land reforms occurred in an environment charaed by the breakdown of institutions of
exchange and the rise of transaction costs, whaaifarced the fall in input use and output.
After the initial collapse, reforms improved incees and the reorganization of farms and
supply chains. This improved the provision of irgpufarm productivity, and total production.

However, as output and input use declined duedtite reforms but increased with technical
efficiency gains due to property rights reformss timplies that efficient output and input use
(including land) may well be (substantially) beldiwe levels under the distorted Socialist

system (Macours and Swinnen, 2000, 2002; Rozetlésavinnen 2004).

2.1 Agricultural Production

Empirically we observe this J-curve in productiamd gproductivity, albeit with significant
differences between countries and commodities Taée 1 and Figure F)In the 1990s, ECA
wheat production fell from 108 Mt to 86 Mt by thedeof the 1990s. Since then it has increased
strongly to almost 120 Mt. The increase was mosctgeular in RUK, the main wheat

producing countries (Table 1).

! See Swinnen and Rozelle (2006) for a formal model.
2 See Macours and Swinnen (2000, 2002) for detailsexplanations.
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Livestock production did not recover as w&Meat production declined from 21 Mt in
1992-1994 to 15 Mt by the end of 1990s and is atilyeat 19 Mt, 10% below the pre-reform
level (Table 1). The same holds for dairy: in tleeipd 1992-1994, the region produced 107 Mt
of milk, which decreased to 85 Mt at the end of1880s. The 2010-2012 production of 90 Mt
(is far below the pre-reform level).

The contraction of the livestock sector during siian is one of the reasons why
Kazakhstan, Ukraine and Russia moved from an impoain export position in grain (Liefert
and Swinnen, 2002). The collapse of the livest@ak® dramatically reduced demand for feed
grain (and for other feed crops). In contrast, wipeaduction increased during transition as did

oilseeds, and in particular sunflower (Liefert dneffert, 2015).

2.2 Farm Structures and Labor Productivity

Labor productivity is an important indicator of flaincomes and thus of rural poverty.
Overall, agricultural labor productivity (ALP) déwed with falling output in the initial stages
of transition except in several Central and Easturopean (CEE) countritshere a rapid
restructuring of farms induced labor shedding, tapan increase in ALP (Figure 2)n other
countries ALP was substantially lower as agric@tprovided a buffer role during transition,
both in terms of labor allocation and in terms obd security (Seetbt al,1998). However,

since 2000 ALP increased in many other countrieguding in RUK.

® These differences in recovery between commoditpuis, such as livestock versus cereal productieffect
differences in pre-reform distortions (Liefert aBa&vinnen, 2002). Livestock production was especiaéavily
subsidized. When subsidies were eliminated thesatdes were not cost-competitive in livestock proiibn and
output adjustments reflect a shift towards the canaifive advantage of the region (Liefettal. 2010).

* See Appendix A1l for regional country classificato

® There is an important relationship between famucstires and labor use. The shift to small scalmifeg has
been strongest in labor intensive production systeBmall farms also served as a labor absorbingutisn,
leading to a divergence of farming structures (®dad Swinnen, 2002; Swinnehal.,2005).
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Changes in labor productivity and labor use arensfly related to the farm
restructuring (Swinneet al, 2005). Typically small farms absorbed labor dgrihe transition
process while privatized large scale farms incrégseductivity by laying off surplus workers.
In countries where farm privatization went slowerwath continued political interference in
farm management, also large scale farms contirmecploy excess labor.

By now there is a strong heterogeneity in farmcitmes in ECA: in some countries
smallholders and family farms dominate the farmt@ean some other countries large scale
farms dominate, and in others there is a mixturafe and small farms. There is no simple
East-West divide in this. In Central Europe, lafgens use most of the land in Slovakia and
the Czech Republic, while family farms dominatePioland. In Central Asia, large farms are
important in the northern parts of Kazakhstan, tsimall farms are important in southern
Kazakhstan and in Kyrgyzstan and Tajikistan.

Large farms play a very important role in grainguction in RUK. For example, the 70
largest producers in Russia and Ukraine controlentioan 10 Mha. Several of these farms are
part of large-scale vertically integrated agro-ladd. These farms and agribusiness structures
have emerged as a consequence of the specifidipatran program in these countries and the

simultaneous financial constraints in agricultu8erova 2007; Swinnen 2009).

3 Crop Land Use in RUK

Agricultural output can grow through the use of emomputs (the extensive margin) or through
increased productivity (the intensive margin) (Batic 2015). Agricultural productivity refers
to many inputs, including labor and knowledge. Heere the vast majority of the literature in
this field focuses on cropland use and yields awidtp to the extensive idle land resources and

low concurrent productivity that (are argued todnslate into large untapped agricultural



production potential (FAO and EBRD, 2008; Schierhet al., 2014b; Meyfroidt et al., 2016;
Saraykin et al., 2017).

The combination of land privatization, farm restwrog and dramatic price changes
led to widespread changes in land use and landdabament (Kraemer et al. 2015; Lerman et
al. 2004; Mathijs and Swinnen 1998; Sedik et al®0Qand abandonment was caused by: (a)
the reduced profitability of farming with the cut agricultural subsidies and the move to
market prices; and (b) uncertainties on land prypeghts. Both factors affected how much
land was being used and also how intensely the Vel cultivated (how many other inputs
were used). Vrankeet al. (2004, 2011) showed how land plots with uncertaimership were
more likely to be left abandoned or used less Bitey® While market imperfections and
institutional constraints still exist in the landarket and need to be addressed, the cut of market
distorting subsidies and removal of governmenteprggulations has lead to an economically
more efficient use of land (Swinnen and RozelleQ6)0 This implies that many of these
changes may be permanent, depending on global g@raeations for agricultural commodities.

Studies on the RUK agree that land abandonmenvastsn the region, as is illustrated
in Figure 3’ Estimates of abandoned cropland in RUK duringsition are between 50 and 60
Mha (Official statistics; Meyfroidt et al. 2018).Estimates varied on (a) the extent of land

abandonment and (b) on the suitability of the abaed lands and their potential for being

® The intensity of land use is also affected by fdmen structures which are partly endogenous. THiougthe
ECA region capital and labor intensity of farmirggdorrelated with smaller farms dominate in morteesive
farming areas (Swinnen, 2009) — see also Secti@nCHficial data sometimes suggest relatively sroalinges in
land use, as indicated in Table 4. However, tidkesa do not present an accurate picture of thegdsasince they
often do not distinguish between crop land andypast

” For Russia alone land abandonment estimates kamy 20 Mha to more than 44 Mha of abandoned craplan
see Table 5 for more details.

8 Schierhorret al. (2014) estimate 50 Mha; Meyfroigt al.(2016) 59.3 Mha of cropland was abandoned between
1991 and 2009 in RUK (of which 35.9 Mha in Rus@& Mha in Ukraine and 20.6 Mha in Kazakhstan);levhi
official statistics are 52 Mha.



returned to productive cropland. The disagreemaetiit kggards to the extent is largely due to
differences in definitions of land abandonmentdgtperiods and the quality of the datasets
used (Alcantaraet al, 2013). There is a growing consensus that offiBlaksian sown area
statistics best approximate cropland dynamicsdlafid Nefedova, 2004; Saraykin et al., 2017;
Schierhorn et al., 2013). These statistics show ftlean 1990 to 2013 the area used for
cropland across RUK declined by 52.4 Mha (from £6@.115.1 Mha), with 38.4 Mha of this
decline in Russia. The vast majority of this deelbccurred in “European Russia”. Alcantara
et al. (2013) estimate the decline in this regibi32a Mha. More generally, there is a major
difference between Russia and Kazakhstan where larap use declined between 30% and
40% and Ukraine where there was much less redurtitamd use (see Figure 4).

In general, most abandonment was concentrated oocio-economically and agro-
ecologically marginal lands (such as the non-Chegnoregions of north-western Russia and
in the central and Volga regions of Russia), boptands also contracted in areas with good
soil, climate and infrastructure conditions (partsouthern Russia and northern Kazakhstan),
albeit to lesser extent (Meyfroidt et al 2016; Reisepov et al, 2013). Cropland abandonment
was widespread both on rainfed and irrigated cragdan Kazakhstan (Kraemer et al. 2015;

Low et al. 2015).

Potential of Recultivating Abandoned Cropland

Figures 3a and 4a illustrate there has been socudtivation of abandoned cropland in

the past decade, primarily in the areas with gagrdr@omic conditions.However, land use is

° This includes Southern European Russia (recuidimagince 2003), Russia’s Far East (in 2004), GémRussia
(in 2007), northern Kazakhstan and Ukraine (in J988yfroidt et al., 2016; Smaliychuk et al., 201By 2014,
croplands only continued to decline in Northwesteussia (Rosstat, 2016).
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still much lower than before. Compared to 1990dlarse in 2015 was still 40% lower in
Kazakhstan, 30% lower in Russia, but about the sarbiraine.

The recultivation of all abandoned former croplamduld dramatically increase total
cropland. However much of the abandoned land wsused in the past because of the state
regulations and heavy subsidies before 1990. Hetiw¥e is no economic rationale for
returning all this land into crop production. Fotaeple, Uzun et al. (2014) estimated that
19Mha of abandoned cropland may be recultivateldussia if grain export prices are as high
as $400 per ton (the average world market prices/fieat were about $200 between 2012 and
2015). The authors also point out that the shagraih cultivation on abandoned croplands in
northern European Russia, i.e., outside the febldéek soil areas, is low mainly because of
biophysical constraints. Liefert and Liefert (202830 argue that cropland recultivation may
not necessarily lead to more grain production beeaf competing land demands from other
crops, particularly oilseeds.

Moreover, croplands that have been abandoned ih38@s or 1990s are often penetrated
with deep-rooting vegetation that renders reculibraexpensive (Larsson and Nilsson, 2005).
Such costs should be kept in mind because appreeiynd.5 Mha of agricultural lands from
the Soviet period were covered with forest by 20l European Russia alone (Potapov et al.,
2015). The secondary vegetation is important fodiversity and ecosystem services (Kamp et
al., 2011), and it stores substantial amounts dfarain soil and vegetation that would, to a
large part, be emitted in case of recultivatiomhi&dorn et al., 2013; Kurganova et al., 2015).

In summary, there is a consensus that only a énaaif the abandoned crop land can be
put back into production without significant costsmajor environmental tradeoffs. Yet, actual

estimates of abandoned cropland that is suitalbleetaultivation vary widely. A study by FAO



and EBRD (2008) estimated that 11-13 Mha of abaeddand could be returned to production
if only non-marginal land would be re-used in RUHeyfroidt et al. (2016), who identified
almost 60 Mha of abandoned land in RUK of which 2086 already been recultivated until
2009, estimated that 8.5 Mha are potentially ab&ldor expanding crop production in RUK if
only former cropland with high soil quality, low @ronmental trade-offs and few
socioeconomic and accessibility constraints aresidened (5.3 Mha in Russia, 2.4 Mha in
Kazakhstan and 0.9 Mha in Ukraine). The Russianditinof Agriculture projects 3.5 Mha of
abandoned croplands to be recultivated by 2020i@tnof Agriculture, 2013).

Hence, it is clear from the literature that agressmmental and socio-economic
constraints limit significant additional wheat outgrom reusing abandoned cropland in RUK.
The large majority of high-quality land is alrealdgick in cultivation. Other, more marginal
lands may be more suitable for other uses suchvastdck grazing and development of

livestock fodder base, and for ecosystem services.

4. Input Use and Yields

The abandonment of land was accompanied by a di@maetline in input use, and
especially fertilizer use (see Figures 3b and 49teriorating terms of trade between input and
output prices and the ruble devaluation led to tdrageclines in fertilizer applications while
domestically produced mineral fertilizers were ity exported abroad (URALCHEM,
2011). The application of organic fertilizers aldwastically declined due to plummeting
livestock numbers. For example, in Russia, thengtaifertilizer price ratio declined by more
than 50% after the price liberalization, with thé o subsidies, and fertilizer use declined by

more than 70% (Swinnen and Rozelle, 2006). Reolustin fertilizer use and other inputs



have obviously influenced yields. Yields decliffed five years in Kazakhstan and almost a
decade in Russia and Ukraine (Figures 3c and 4c).

Since 2000 there have been significant improvementaccess to inputs in grain
production and in yields. Fertilizer use has recegesignificantly from its low point in the late
1990s, especially in Ukraine and Russia. Imporsanictural and institutional changes over
the past decade helped to overcome institutionaktcaints in the major grain producing
regions and contributed to the emergence of laggdesand vertically integrated farming
operations (Nefedova 2016; Swinnen, 2009; Gatawdira., 2005; Serova 2007). The Russian
government also increased subsidies since 2005fe(tieand Liefert, 2012). Increased
government support to domestic farmers as weligiseh returns from grain exporting with the
substantial depreciation of the Russian ruble agt world market prices has contributed to
increased investments in booming grain productiangwell et al., 2016).

Increasing investments and higher returns have kmm@mompanied by significant
increases in fertilizer use and yields. Grain \8etthrted recovering in the late 1990s and have
since increased by 50% to 70% in the RUK. Howewerent fertilizer use per hectare is still
considerably below the pre-transition levels, retfleg, among other things, the cut of the large
fertilizer subsidies and possibly inefficient use fertilizer under the Communist regime.
Figure 3 also shows how today average fertilizerissalmost twice as high in Ukraine than in

Russia and even much higher than in Kazakhstan.

Yield Gaps and Potentials

The yield potential of a crop cultivar is the yidltat can be attained when water and

nutrients have not been limiting and when biotrest have been effectively controlled during
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crop growth (van Ittersum et al., 2013). Howevettual yields are typically lower than
potential yields, resulting in yield gaps.

Several studies have identified high yield gapRUWK wheat. Figure 5 summarizes their
findings, and Figure 6 provides more information tbe regional variations. The various
studies yield rather consistent estimates for Russd Kazakhstan but less so for Ukraine. On
average, the estimated yield gaps for RUK were nthea three tons per hectare under
irrigated conditions. However, irrigation scenarmmay be unrealistic in the near to medium
future since the majority of irrigation networksvieafallen into disrepair since the collapse of
the Soviet Union. Under rainfed conditions, Sdmoen et al. (2014a) estimate average wheat
yield gaps of 1.5-2.1 t/ha for European Russia,re/la@proximately 75% of Russia’s wheat is
being produced; and Savin et al. (2001) estimatedwerage wheat yield gap of 1.7 t/ha for
Russia as a whole. Most of the studies estinthtetiighest yield gaps for Ukraine (especially
in the northwestern and central part), up to 6if.t/The yield potentials under rainfed
conditions in Russia and Kazakhstan are lower thase in Ukraine mainly due to a shorter
growing season, lower water supply and higher beass (Pavlova et al., 2014).The yield gaps
are caused by a combination of factors. One iddWweuse of fertilizer, as discussed above;
others are low-quality seeds and poor extensiovicesr (FAO, 2009; Kingwell et al., 2016).
In Russia and Kazakhstan average yields are alsobkcause volatile weather conditions
result in frequent crop failures. In turn, theseudhts and crop failures contribute to low

applications of mineral fertilizers because profitsm agriculture are highly uncertain in the

° There are different ways to measure yield gapdoba@ly, Licker et al. (2010) and Mueller et al.0(2)

approximated yield gaps by comparing observed ardngtial yields in locations with similar soil maise and
temperature characteristics. Neumann et al. (2@b@)bined an econometric approach with spatiallylieixp
biophysical and land management-related data im&st maximum attainable yields and yield gaps pQnowth

models have also been used to simulate optimal gesmant conditions and hence potential yields atajlscale
(Fischer et al., 2002; Liu et al., 2007). Schierheral. (2014a) and Savin et al. (2001) used gropith models to
assess yield potentials for wheat in Russia.
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absence of adequate insurance schemes (Schietredrn2914a). Only 20% of crop farmers in

Russia were insured in 2011 (Uzun et al., 2014).

Production Impact of Closing Yield Gaps

For European Russia, Schierhorn et al. (2014bmestdd that increasing yields on
existing cropland to 100% of their technical poigntould generate an additional 44 Mt of
wheat under rainfed conditions and 90 Mt undemgated conditions. However, there are
several factors which make this an unrealistic aden First, farmers strive to maximize
profits rather than yields. As a result they tyflicabtain less than 80% of the yield potential,
even in the most developed countries (Lobell e28l09). Second, in the absence of irrigation
the production potential in a year with droughtditions is substantially lower than for a year
with sufficient precipitation (Schierhorn et al.0I2b). Seasonal droughts and aridity are
particularly severe in the fertile steppes of Rassid Kazakhstan where water shortage cause
wheat yields to drop by up to 40%, in spite of adwpof improved wheat cultivars (Pavlova et
al., 2014). Third, irrigation can alleviate watetress, but water shortages, poor water
management and high investment costs will likelphgit the establishment of irrigation
facilities at large scale (Alcamo et al., 2007; uiémtseva and Henebry, 2009). Fourth,
climate change will likely reinforce these congitaiin the regions with the best soils (see
section 5). Considering the increasingly volatileather conditions and thus higher risk of
investment losses, it seems unlikely that inputslewill substantially increase in the southern
breadbaskets of RUK, particularly if effective crapsurance schemes remain absent

(Schierhorn et al., 2014b; Fehér et al., 2017apfiears more likely that input applications will

™ Moreover, poor use of irrigation in combinationtlwihigh fertilizer use could trigger soil salinizat and
increase soil pH, potentially leading to yield lessas was the case in parts of Central Asia ilCramunist era
(Qadir et al., 2009), but also decline of irrigatedas land use in the post-Soviet period (Hortal.2016).
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increase in the northwestern and northern partadh Wkraine and Russia, where climate
conditions are less volatile and climate changgeptmns suggest increasing suitability for
cropping. Taking these factors into account (agcounting for weather variability in the
calculation of production potentials), Schierhotrak (2014b) estimate that closing the yield
gap to 80% of the yield potential would generateadditional 23 Mt of wheat under rainfed

conditions.

5. Climate Change

The impact of climate change on the grain producpotential will vary across the
RUK because it is such a vast area. The northams pay benefit from warmer weather and
longer growing seasons, but the soil quality tHenés its growth potential. Production in the
southern regions, where most of the good soilsiarkkely to become more vulnerable with
climate change.

Climate change projections by the Intergovernmetalel on Climate Change (IPCC)
suggest a significant increase in temperature iKRIPCC, 2014). With higher temperature,
the fertile black soil belt in southern Europeansfta and Southeastern Ukraine will likely
suffer from more frequent and intense droughts fiDra@and Kirilenko, 2011). Precipitation
trends are less distinct, but it is likely that thain part of the black soil belt in Ukraine and
Russia may suffer from a modest decrease of ptatignn during summer months. Lower
precipitation in combination with higher averagemperatures will cause higher
evapotranspiration rates and reduce soil watereobriLioubimtseva et al., 2013).

This region already suffers regularly from wateess and may become increasingly
vulnerable because aridity and water scarcity Wkkly increase. In addition, extreme heat

waves (such as the one that causes caused the ptingnof grain production in 2010 and
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contributed to the increase in international whpates) may become more likely under
climate change (Hauser et al., 2016). As a reaultrage yields may decline and yields may
become more volatile in these southern black selil tegions of Russia and Ukraine without
adaptation measures (Alcamo et al., 2007; Dronuh lmilenko, 2011; Muller et al., 2016;
Teixeira et al., 2013). The World Bank (2010) expeyields in Ukraine to decrease by
approximately 15% as a result of climate change.

Crop production in northern Kazakhstan, a regiat groduces approximately 80% of
Kazakhstan’s wheat output and provides the bulKadakhstan’s wheat exports, may only be
slightly affected by climate change (Sommer et 2013; ASK, 2014; Bobojonov and Aw-
Hassan, 2014). Sommer et al. (2013) estimatedstiggut increases in rainfall will be offset by
increasing evaporation, leading to a low net impmactyields. These results contradicts with
Fehér et al. (2017), who estimated that wheat gigichorthern Kazakhstan will decrease until
2050 in the absence of adaptation to climate chaBgdojonov and Aw-Hassan (2014)
investigated the economic impact of climate chamg€entral Asia and suggested positive
income gains in north Kazakhstan, specifically famge-scale commercial farms that enjoy
better adaptive capacity to climate chaffge.

Agriculture in higher latitudes could benefit fromm extended growing period, higher
temperatures, increasing precipitation and a lavsérof frost damage to crops (Kiselev et al.,

2013; Midller et al., 2016; Tchebakova et al. 20Mdljmate change may contribute to yield

12 Farmers may adapt their production systems toeperd changes in climate. For example, farmers atyst

planning and harvesting dates, put better adaptgubdnto practice, alter soil and fertilizer maeamnt, or invest
into irrigation facilities (Hertel and Lobell, 2014Farm structure, technology and rural infrastneet(including

irrigation) are important determinants of the iiesite of agricultural sector to climate change t@uet al., 2008).
Sutton et al. (2013) argue that smaller farms, @aflg subsistence farms, might be the most vulblesawhereas
corporate farms with better physical and financiapacity will be better capable to adjust to clienahange.
Mirzabayev (2013) argues that agricultural prodsiagyerating in inherently stressed environments beapetter
able to adopt to weather variability and changingimnment. He estimates the effects of weatheiabdity at

less than 1% of total crop production revenues.
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increases in these areas and cause a northwatdoshife frontier for grain production in
Russia (World Bank 2010). However, limited availépiof high-quality croplands dampens
expectations for much higher crop production in tNem Ukraine and Northern Russia

(Dronin and Kirilenko, 2011).

6. Wheat Production Potential in RUK

The significant contraction of agricultural prodoct at the extensive and intensive margin
during the early years of transition was followed riecultivation of abandoned croplands in
some regions and a rebound of yields startingendte 1990s. To assess how much production
increases may still be attainable we combine irtsigim increasing land use (section 3) and
achieving higher yields (section 4). We first usaistical assessments of potentially available
cropland and of yield gapwithin specific agro-climactic and/or agro-enviroemtal zones
(drawing on the models of Mueller et al (2012) anelyfroidt et al (2016)}o calculate RUK
wheat production under several scenarios. In argkstep, we interprete these estimates using
economic arguments.
1. Baseline. As a base for comparison we used theagedand area used for grains and
the average wheat yields between 2008 and 2013in@sg that wheat can be
cultivated on all land used for grains).

2. Cropland Re-cultivation (see Section 3): FollowMgyfroidt et al. (2016) we assume

that an additional 8.5 Mha are potentially avagafir crop production in RUK. This
amount only includes abandoned cropland on festilis (i.e., black soils) with low
environmental trade-offs and low or moderate sawmaemic and infrastructural

constraints.
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3. Intensification (Reducing the Yield Gap) (see Sat#): We consider two scenarios of

yield gap closures, to respectively 60% and 80%hef yield potential. We use the

wheat yield potential indicators from Mueller et €012) which are in the middle

range of the estimates and are available for eRU&. These indicators also capture
that the highest yield increases will likely ocauthe northwestern and northern part of
both Ukraine and Russia.

4. Climate Change (See section 5): We assume thatdbative yield effects of climate

change in the southern regions are compensateddiyve yield effects in the northern
regions and that average wheat yields are nottaffedHowever, as climate change will
make it possible to use more land for grain produacin some of the northern regions
of RUK, we assume that wheat cultivation in thetimeestern and northern part will
increase by 25%.
Table 2 presents production under various scenddoder the RECULTIVATION scenario,
wheat production would expand by 8.5 Mha, mostliRussia, and this would result in an extra
12.5 Mt of wheat under current yields in RUK.

Closing the yield gap (the INTENSIFICATION scendrieads to more production
increases than the RECULTIVATION scenario. If thel¢y gap increases to 60% of potential
yield (Table 2A) on existing croplands, this wogleherate additional wheat production of 23.9
Mt (of which 12.2 Mt in Russia, 7.7 Mt in Ukraine@4.0 Mt in Kazakhstarl). This potential

seems realistic, partly because relatively smalidases in input use could result in substantive

3n this scenario, the additional wheat productiob/kraine is 58% of Russia’s additional productiamile total
area under grain cultivation in Ukraine is only 38¥he cultivated area in Russia. Yield gap clesar Ukraine
results in more additional production in relationRussia because of the higher yield potentialstagider yield
gaps in Ukraine (see Figure 5). Despite the higiare of wheat cultivation in total sowing areeKewzakhstan
(16% higher than in Russia and Ukraine), the prtdacpotentials in Kazakhstan on existing croplamds
relatively small because of the low current yiedaisl small yield gaps.
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yield increases. The additional production is rdygigual to the annual RUK export of 26.6
Mt of wheat (average from 2008 to 2013 (FAO, 2017 osing the yield gap to 80% of the
yield potentials, which is probably unrealistic, wid increase wheat production on existing
cropland by 85.4 Mt, compared to the baseline @&®). This would be more than a 50%
increase of wheat production.

The impact of climate change to the intensificatimpact is an additional 4 to 5 Mt of
wheat, depending on the yield gap assumptions (acenpolumn INTENSIFICATION with
CLIMATE CHANGE+INTENSIFICATION). This production gaes from additional land that
can be used for grain production in the northegiors, but the yields are expected to be
relatively low on these lands.

The last column is the combination of the threea# (recultivation of land, climate
change and closing of yield gaps). Under the 608ngification scenario, this would yield a
total production of 203.8 Mt, which is 42.3 Mt @8 %) more than current production. Under
the very optimistic 80% intensification scenarimstwould result in a total production of 271.5
Mt of wheat, which is 110 Mt more than current protion, an increase of 68 %.

In all scenarios, most of the gains would come frpeild increases. This is consistent
with several studies that have argued that the msdjare of future production increases will
likely stem from increasing yields on existing danpls (FAO and EBRD, 2008; Liefert et al.,
2010; Schierhorn et al., 2014%).The production increase varies from 42 Mt to MiOwith
yield gap closure increasing from 60% to 80%. Hosvebased on the studies we reviewed, it

appears that obtaining 80% closure will be veryiaift to achieve because of the large input

1% The production potentials in Table 2 are comparablearly estimates of FAO and EBRD (2008) whaljoted
a maximum production potential (albeit in totalearproduction) of 230 Mt or +80% compared to |lswvafl 2004
to 2006. These numbers are approximately consistiéimtour most optimistic intensification scenarfos current
croplands (80% of yield potential).
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investments required and climate conditions anchast likely not a realistic assumption. An
in-between scenario of 70% intensification wouldlgialmost 80 Mt extra production. While
70% is also quite optimistic, the 60%-70% intemsifion scenario still represent substantive
increases in production.

However, there are important economic factors &pke mind when interpreting these
numbers for actual future wheat production and espdhe most important ones are the future
evolution of prices for wheat and competition fratier crops for land. While food price
spiked between 2007 and 2012, prices have fallek b@alower levels since. International
organizations such as FAO and OECD predict thahgmaces will further decline in real terms
between 2015 and 2025. This should reduce ingenfior using more land (at higher costs)
and more inputs, thereby lowering both land expganaind intensification.

The second important consideration is that wheabmspeting with other grains (such as
corn and barley for feed) and other crops (suchilaseds). Both have grown stronger than
wheat production in recent years, mostly due toeased demand for animal feed in RUK
(with increased subsidies and trade protectionthier livestock industry) and for exports to
countries such as China where feed demand hasasedevith demand for animal products as
incomes are increasing (Liefert and Liefert, 202@%17). This competition is significant. Land
use for oilseeds has increased from around 6 Mhharlate 1980s to more than 21 Mha in
recent years (Table 3). While land use for whesd Increased around 6% over the past
decade, land used for oilseeds has doubled ovesatine period. If this continues in the future
with growing demand for feed and lower prices faod grains, this will reduce the
attractiveness of producing wheat in RUK. HendaiJevbiophysical conditions may still allow

a very substantial expansion of wheat productionRidK (as summarized in Table 2),
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economic conditions may significantly constrainstheand may result in considerably lower

potential for expansion of wheat production andogtg

7. Conclusions: The Potential and Reliability of the Rgion for Global Food Security

The countries of Eastern Europe and Central Asie fatracted attention in the global food

security debate for their potential as producer axyorter of grains (and especially wheat).
The region currently produces 18% of the worldseathand accounts for 22% of global wheat
exports, and most of this is from Russia, Ukraind Kazakhstan (RUK). Many reports have

pointed at the potential of these countries to bex@ “breadbasket” for the world because
these production and exports can be augmentedtigih “immense land and yield reserves”.

During the transition process of the 1990s mora & Mha of cropland had been abandoned
and yields had declined strongly as well.

However, several studies warn against too muchrogtn on the potential of putting all
this land put back in use for food production andlite actual yield potential. Growth in grain
production can result from expansion of the intemsjproductivity, including yields) and
extensive (more inputs, including land) margin.udéés vary quite significantly in terms of
their assumptions on the potential for growth iductivity and land use, and thus their
predictions for future growth.

RUK cereal production recovered substantially awer past decade: a 26% increase of
average annual production from 127 Mt to 161 MiMeetn 2004-06 and 2012-2014. However,
this growth was almost entirely due to an incraasgelds (+33%), and much less due to more
land use (+2%), despite the fact that grain prioeseased strongly. These observations thus

support more pessimistic predictions on wheat prtda increase by using abandoned lands.

19



Calculations based on statistical agro-ecologacal agro-climatic models (taking into
account yield increases, re-cultivation of abandoiaed, and climate change) suggest that the
wheat production potential in RUK could be somewheetween 200 and 270 Mt per year (of
which more than 120 to 160 Mt in Russia alone)s™would be an increase of approximately
40 Mt to 110 Mt compared to current production, ethiimplies that even under more
pessimistic scenarios RUK could satisfy a substastiare of the projected increase in global
wheat demand.

However, economic conditions may significantly swain this potential. While food
prices spiked in the late 2000s, they have falkecklio lower levels since and food grain prices
are not expected to increase in real terms in thmirey decade. In addition, wheat is
increasingly competing with other crops, such asdfgrains and oilseeds, which have
expanded in land use due to increased demand iimabfeed in RUK and for exports. Both
factors should reduce incentives for using more lgt higher cost) and more inputs for wheat
production, thereby lowering both wheat land expanand intensification.

That said, it is important to point out that theds on wheat is obviously understandable
from the perspective of reports pointing at theepttl of these countries to become a “bread
basket” for the world because of “their immensealland yield reserves”. However, this may
also be misleading for global food security, andAEQole in it. Changing diets with income
growth imply a larger role for other types of fotithn staple grains as wheat. RUK, and he
ECA region more broadly, is a major producer ofdgoducts beyond wheat, such as meat,
dairy products (and feed grains), fruits and veges which obviously can have major
implications for global food security. Some ECA oties are important exporters of these

products.
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A related aspect is that other sources of proditgtgrowth than land and yields (such
as labor productivity growth) are very importantvesl and total factor productivity is a better
indicator of potential for agricultural growth, amphasized by Hertelt al. (2016). We have
shown that different sources of agricultural pradikty growth have evolved sometimes very
differently across the ECA region (Rozelle and Swim 2004; Swinneat al, 2006; Swinnen
and Vranken 2010), which is an important issueke into account.

A final consideration is the region’s reliabilitg @ source of grain supplies when food
is globally in need. While RUK grain exports havereased significantly in recent years, a
study by Sedik (2013) found that the volatilitymbduction and especially exports was much
larger in RUK than in other major grain exportexsgch as the US or Canada. This volatility in
exports is an important consideration in asseskow the region could contribute to global
food security as the importing countries may (ha)able to rely on a stable level of imports.

In many countries in the world, the global foodsiziof 2007-2011 triggered policy
actions to ensure domestic food supplies. Exportimgntries banned, taxed or restricted the
exports of food and importing countries reducedampariffs. Also RUK implemented export
restrictions to secure their domestic supply ofigi@nd protect their local consumers from
increasing food prices (World Bank, 2011; Jones Kndkecinski 2010; Sedik, 2011). These
export restrictions by the major ECA grain prodscer the region had a major impact on the
grain importing countries in the region. This igtasly a cause of concern for the future in

particular for countries relying on imports from Riéxclusively

15 Interestingly, Sedik (2011, 2013) showed thatefiect of the grain export restrictions was miteghbecause of
a rapid shift of the importers towards import @t and other cereals where exports were not §s) kestricted.
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Table 1. Agricultural Production in Eastern Europe and Central Asia (ECA) 1992-2015

A. WHEAT production (three year average in moilltons)

1992- 1995- 1998- 2001- 2004- 2007- 2010- 2013-
1994 1997 2000 2003 2006 2009 2012 2015
ECA 101,04 94,10 86,09 107,86 116,57 135,43 119,01
of which Kazakhstan 12,97 7,71 8,35 12,31 11,53 15,35 0714, 14,17
Russia 40,61 36,43 30,82 43,90 46,01 ,2%8 45,16 55,90
Ukraine 18,40 16,07 1291 1517 16,720,22 18,31 24,30
B. MEAT production
1992- 1995- 1998- 2001- 2004- 2007- 2010- 2013-
1994 1997 2000 2003 2006 2009 2012 2015
ECA 20,78 16,67 15,19 1531 15,74 17,66 19,75
of which Kazakhstan 1,26 0,85 0,63 0,67 0,77 0,87 0,91 0,90
Russia 7,53 5,33 4,49 4,70 5,05 6,25 759 ,079
Ukraine 2,96 2,09 1,69 1,63 1,64 1,91 2,14 2,37
Poland 2,73 2,84 2,97 3,09 3,23 3,38 3,68 ,074
C. MILK production
1992- 1995- 1998- 2001- 2004- 2007- 2010- 2013-
1994 1997 2000 2003 2006 2009 2012 2015
ECA 107,04 9156 8535 87,63 89,29 91,02 90,58
of which Kazakhstan 5,38 3,86 3,55 412 474 5,19 5,16 5,00
Uzbekistan 3,69 3,48 3,56 3,80 4,56 5,43 7586,
Russia 4531 36,42 32,61 3326 3159 732,31,74 30,80
Ukraine 18,54 15,62 13,26 13,74 13,57 841, 11,24 11,07
Poland 1267 11,82 1226 11,90 11,93 4123247 12,97

Source: FAOstat 2015, KAZAKHSTAT (2016), ROSSTATOLB), UKRSTAT (2016),
GUS (2016)
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Table 2. Potential Wheat Production in RUK Under Dfferent Scenarios

INTENSIFICATION @ 60% of . CLIMATE CHANGE + INTENSIFICATION + RECULTIVATION +
the Vield POTENTIAL | 2>¢ine INTENSIFICATION RECULTIVATION INTENSIFICATION CLIMATE CHANGE

AREA Harvested Grain (Mha) 2013 Total Extra Land

Russia 46.2 46.2 515 53 47.2 52.5

Ukraine 16.1 16.1 16.9 0.9 16.4 173
Kazakhstan 15.4 15.4 17.8 24 15.5 17.8

Total 71.6 71.6 86.2 8.5 79.1 87.6

YIELDS WHEAT (t/ha) 2008-2013 60% of Yp 80% of actual yields 60% of Yp 60% of Yp

Russia 21 23 23 2.0 1.6 23 23 23 23
Ukraine 3.2 36 3.6 3.0 2.0 35 35 35 35
Kazakhstan 12 14 14 1.1 0.9 14 14 13 13
PRODUCTION WHEAT (Mt) TOTAL GROWTH TOTAL GROWTH TOTAL GROWTH TOTAL GROWTH
Russia 95.0 107.2 122 103.5 8.6 110.1 15.2 120.0 25.1
Ukraine 49.3 57.0 17 51.0 17 58.1 8.8 60.0 10.7
Kazakhstan 17.2 21.2 4.0 19.4 22 213 41 23.8 6.6

Total 161.5 185.4 239 174.0 125 189.5 28.0 203.8 423
INTENSIFICATION @ 80% of . CLIMATE CHANGE + INTENSIFICATION + RECULTIVATION +

the Vield POTENTIAL | 2>¢ine INTENSIFICATION RECULTIVATION INTENSIFICATION CLIMATE CHANGE

AREA Harvested Grain (Mha) 2013 Total Extra Land

Russia 46.2 46.2 515 53 47.2 52.5
Ukraine 16.1 16.1 16.9 0.9 16.4 17.3
Kazakhstan 15.4 15.4 17.8 24 15.5 17.8

Total 71.6 71.6 86.2 8.5 79.1 87.6
YIELDS WHEAT (t/ha) 2008-2013 80% of Yp 80% of actual yields 80% of Yp 80% of Yp
Russia 2.1 3.1 31 2.0 1.6 3.1 3.1 3.0 3.0
Ukraine 3.2 4.7 4.7 3.0 2.0 4.7 4.7 4.6 4.6
Kazakhstan 12 1.8 1.8 1.1 0.9 18 18 1.8 1.8
PRODUCTION WHEAT (Mt) TOTAL GROWTH TOTAL GROWTH TOTAL GROWTH TOTAL GROWTH
Russia 95.0 142.7 47.7 103.5 8.6 146.6 51.6 159.8 64.8
Ukraine 49.3 76.0 26.7 51.0 17 71.5 28.2 80.0 30.7
Kazakhstan 17.2 28.2 11.0 19.4 22 28.4 112 317 145
Total 161.5 246.9 85.4 174.0 125 2524 90.9 2715 110.0

Source: Own calculations based on Mueller et 81122, Meyfroidt et al. (2016),

ROSSTAT (2016), UKRSTAT (2016), KAZSTAT (2016)




Table 3. Land Use for Wheat, Other Grains and Oilseds in RUK (Mha and Change)

CROP: 1987-91 1992-95 1996-00 2001-05 2006-10 2041
WHEAT Million hectares 44.6 40.9 37.5 39.9 43.1 42.4
Change (%) 100.0 91.7 84.1 89.4 96.8 95.1
OILSEEDS Million hectares 6.2 7.0 8.3 9.8 15.4 21.3
Change (%) 100.0 113.0 133.4 157.2 247.1 342.8
OTHER GRAINS | Million hectares 56.8 48.5 31.1 29.3 27.1 29.1
Change (%) 100.0 85.2 54.6 51.5 47.7 51.1

Source: KAZAKHSTAT (2016), ROSSTAT (2016), UKRSTAZ016)
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Figure 1: Evolution of gross agricultural output (GAO) (% change since 1990)
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Figure 2 Agricultural Labor Productivity (ALP) (ind ex, 1990=0)
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Figure 3. Land use, fertilizer use and yield for gains in RUK
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Figure 4. Change in land use, fertilizer use andigld for grains in RUK (1990=0)
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Figure 5. Comparison of Actual Wheat Yields (2008-3)* and Potential Yields**
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* The horizontal dashed line represents averageahgtheat yields between 2008 and
2013 (Source: FAO 2017)

** The potential yields estimated by different sesl(A-E) are represented by the boxes
with the bottom of the box representing the"2® 75" percentile estimated vyield
potential. The horizontal line inside the box is thedian yield potential. The whiskers
represent the absolute minimum and maximum yielémg@ls. The estimates are from
the following sourcesA: Fischer at al. (2012B: Mueller et al. (2012)C: Neumann et
al. (2011),D: Schierhorn et al. (2014E: Savin et al. (2001)F: Yield Gap Atlas
(http://www.yieldgap.orly See Figure 6 for details on regional variations.
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Figure 6.
Regional Distribution of Wheat Yield Gaps Estimatias (t/ha) in RUK
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Appendix Table Al. Key characteristics of ECA in 223

C:]DP/capita Share of agr. in Agric !apd Agric. {-\gr? land in Labour/land Whea‘t
(in constant o use (million production indiv farms Production
2005 prices) empl. (%) ha) (mil. $)* (%) (Pers./ha) (Mtons)
Central Asia
Kazakhstan 5581 24,0 217,0 9180 50 0,010 13,9
Kyrgyzstan 637 32,0 10,6 2005 76 0,074 0,8
Tajikistan 507 53,0 4,9 1901 86 0,306 0,9
Turkmenistan 3874 45,8 33,8 2867 93 0,028 1,6
Uzbekistan 960 34,0 26,8 13715 84 0,139 6,8
Caucasus
Armenia 2362 36,3 1,7 1177 99 0,278 0,3
Azerbaijan 3276 36,8 4,8 2923 87 0,356 1,8
Georgia 2254 53,1 2,6 874 72 0,423 0,08
European CIS
Belarus 4998 9,6 8,7 7579 12 0,046 2,1
Moldova 1191 28,8 2,5 1689 50 0,135 1
Russia 6844 6,7 216,8 56753 27 0,022 52,1
Ukraine 2081 14,8 41,3 30682 38 0,077 22,3
Baltics
Estonia 12382 4,0 1,0 654 48 0,026 0,4
Latvia 9671 7,3 1,9 950 88 0,036 1,4
Lithuania 11108 9,0 2,9 2143 86 0,042 2,9
Central Europe
Czech Rep 14955 2,7 4,2 4042 29 0,032 4,7
Hungary 11933 4,6 5,3 5992 51 0,034 5
Poland 11258 11,2 14,4 21060 88 0,127 9,5
Slovakia 15798 3,5 1,9 1597 19 0,043 1,7
Balkans
Albania 3897 44,1 1,2 1316 90 0,402 0,3
Bulgaria 5031 6,9 5,0 3616 39 0,041 5,5
Romania 6257 25,4 13,9 10415 56 0,162 7,3
Slovenia 19170 7,7 0,5 653 94 0,148 0,1

Note: * in constant 2004-2006 $

Note: * latest years available ©

According to FAO and World Bank, the amount of agltural land used in Russia and Kazakhstan are
almost the same. Agricultural land use include®laréand, under permanent crops and under permanent
meadows and pastures

Source: FAOSTAT 2015, World Bank database, EU Bawint, AGRICISTRADE
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Appendix Table A2. Predictions from various studies

Do not account for climate change

G hi Ti
Study eograpiic Commodity Baseline Predicted growth/fall in Land use Predicted growth/fall in Yields Predicted growth/fall in Output 1@e
coverage horizon
Cropland map for Of a total of 43.5 Mha of abandoned
Lambin et al. (2013) Global Cropland 1?93 combined land in Rl.lSSIa on.ly 8.4-.8.7 Mha are na na na
with abandonment not associated with major tradeoffs,
rate between 1990-  socio-economic constraints etc.
Of total 52.5 Mha of abandoned
Alcant tal (2013 Central and Farmland Times series data fa.rtr}xllland, E7Z M}:jaha‘re;m r‘:gllj(.)lr}ts
cantara et al. (: ) Eastern Europe armlan for 2003-2009 wi ve?ry igh an 1g su.l abili y na n.a n.a
for agriculture, especially in Russia
(19 Mha), Ukraine (6 Mha), and
Cereals, Decrease in arable land in Eastern Wheat yields will increase in Cereal production increase to 190
livestock, Europe, Caucasus and Central Asia Eastern Europe from 2.71 to Mtons in Russia and Ukraine in
X Europe and X Three year average i 2030-
Bruinsma (2012) . vegetable oil and Russia by 2, 3 and 10 Mha 3.13 ton/ha, form 1.25 to 1.52 2050. Europe and Central
Central Asia . for 2005/2007 . ) . . . 2050
and oil crops, respectively. Harvest will fall less ton/ha in Caucasus and Central Asia's share in world meat
sugar due to more intensive use of arable Asia, from 1.96 to 3.94 ton/ha production would fall from 22%
Russia RUK yields Feaclh .y potenuial offand use in RUK g2 "X Vield potential 28 tons/ha - Max potential of grain production
EBDR/FAO (2008) Kazakhstan, Grain evels ot other Mha (19 Mha in Kazakhstan, 47 Mha on average in RUK (1.56 tons/ha ons in RUK (29 Mtons in na
. countries with . . . . in Kazakhstan, 2.70 tons/ha in Kazakhstan, 126 Mtons in Russia,
Ukraine o i K in Russia, 17 Mha in Ukraine) X R i X X
similar climatic Russia, 4.5 tons/ha in Ukraine) 75 Mtons in Ukraine)
IKAR (from EBDR/FAQ  Lussia Max potential of land use in RUK 80 ]tV[ s yllqeld - ?'OgUK 1.27 24:: ];/(l)tt - ORijglzalznzpnjlidUCt'm 2016/201
(from / Kazakhstan, Grain 2004-2006 Mha (17.5 Mha in Kazakhstan, 46.5 ons/ha on average in RUK (1. ons in RUK (22 Mtons in /
2008) . ) . . . tons/ha in Kazakhstan, 2.11 Kazakhstan, 98 Mtons in Russia, 7
Ukraine Mha in Russia, 16 Mha in Ukraine) . . . .
tons/ha in Russia, 2.75 tons/ha 44 Mtons in Ukraine)
Fischer etal. (2012) Russia, and potential grain yields is 10- Wheat production could be
(cited in EU Comission Kazakhstan, Crops 1961-1990 Assuming land use remains constant 40 %, 25-40 % gap in wheat increased by 30-60 % of current n.a
2015) Ukraine yields prod level
. Croplands . . Increase in wheat production by
Ri , 8.5 Mha of potentiall labl
. ussia Cropland and abandoned after a ot potentlaly avafiable 9.9 (6.6-12.4) Mtons in Russia, 5.9
Meyfroidt et al. (2016) Kazakhstan, . cropland among 47.3 Mha of n.a . n.a
. wheat 1991 and yields . . (3.3-10.9) Mtons in North
Ukraine abandoned cropland investigated
between 2004- Kazakhstan and 2.5 (1.8-3.4)
Assume that out of 27.2 Mha of Assume that the wheat yields Based on the assumptions about
abandoned cropland 9.5 Mha of on the currently cultivated crop land expansion and yield
Average wheat X X
. . . cropland could be recultivated due croplands and on increase,
Schierhorn et al. (2014) Russia Wheat yileds between . i X " n.a
1995 and 200 to lower carbon emissions. Yet only abandoned croplands increase authors project additional
4.4 Mha would be available to 60 % and to 80% of the yield production potentials for wheat
for recultivation with wheat. potential under rainfed in the range of 9-32 Mtons
Cropland, . . . Crop yields are expected to . . . .
Uzun et al. (2013), . Maximum grain area expantion . The estimated increase in grain 2018-
. Russia wheat, 2009-2011 . o increase by factors of 1.3-1.6 for i
Saraykin et al. (2016) . posibility in Russia is 24 Mha production of 40 Mtons 2020
livestock all crops.
Regional The economic potential for Russia to
Liefert and Liefert . . production costs expand grain area is low, Grain
Russia Grain area X : n.a n.a n.a
(2015) data during the prices would have to more than

late Soviet period

double to cover the high marginal

40



Fieldsend (2014) (cited

Yields are expected to increase

wheat production is expected to

. Lo Kazakhstan Wheat n.a Area harvested will increase by 4 % from 1.13 tons/ha to 1.24 increase from around 18 Mt 2023/24
in EU Comission 2015)
tons/ha currently to 19.5 Mt
Little potential for cropland
expansion because of remaining idle
Kraemer et al. (2015) North Kazakhstan ~ Cropland 1990-2000-2010 lands' low suitability for crop n.a n.a n.a
production. Only one third of 14
Mha of abandoned croplands can be
44 Mha of abandoned cropland,
Lyuri et al. (2008) Russia Cropland 1990-2003 including reduction in clean n.a n.a n.a
fallowing (part of crop rotation
42 Mha of cropland abandoned by
. Cropland and .
Nefedova (2016) Russia wheat 1985-2014 2014. Roughly 20 Mha available for n.a n.a n.a
grain/ wheat production
RF Ministry of Economic Russia Cropland and 1990-2014 56 Mha of abandoned croplans n.a n.a n.a
Development,(2014) wheat
Altuhov (2013), RF Cropland and 57 Mha of abandoned croplans,
Ministry of Agriculture Russia rl:)p :m an 1990-2014 should be recultivated for wheat n.a n.a n.a
(2013) whea prodution 3.5 Mha
Do account for climate change
G hi Ti
Study eographic Commodity Baseline Predicted growth/fall in Land use Predicted growth/fall in Yields Predicted growth/fall in Output 1@e
coverage horizon
Rain-fed wheat production potential Production potential for cereals
of current cultivated land in Central The impacts of climate change will not be negatively affected by
Fischer (2009) Global C‘ereals, 2000 ‘Asna, Eu‘rope, and Russia is on crop yields and pr?ductlon cllmat‘e change until 2950. 2000-
biofuels increasing. Although the net global could become severe in the Negative effect are projected 2080
balance is projected to be a second half of this century. during the half of the century due
reduction of production potential by to negative impact on yields.
CEE; case studies . . Positive trend for crop yields
. Baseline period t
Eitzinger et al. (2012) Czech Rep and Crops 1961-1990 n.a (wheat, barley rye) until 2050 n.a 2050
Slovakia (exact numbers are not
Yield decline for most crops (
ECA & cases: maize, wheat, apples, grapes,
Sutton etal. (2013) Moldova,‘Albama, Crops na vegetables/tomat9es). Longer na 2050
Macedonia and and warmer growing seasons
Uzbekistan for crops grown in winter
(winter wheat), alfalfa or
Increased aridity in Central Asia
Lioubimtseva and Arid and Semi arid Climatic and Ba.xselme (Turkmenistan, Uzbekistan and
. land cover climatology for the n.a Kazakhstan). Temperature n.a 2050
Henebry (2009) Central Asia . . .
trends period 1961-1990 increases during summer and
fall, decrease in precipitation.
On average increase in grain
Sommer (2013) Central Asia Wheat 1961-1990 n.a yields by 12 % (from 1.75 n.a n.a

tons/ha of historical average to
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