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Introduction

> ing global agri isakey
challenge in the 21* century due to population growth,
changing diets and increasing demand for bioenergy.

> Russia, Ukraine and Kazakhstan (RUK) possess great

ials to increase agrit ion due to

large areas of abandoned cropland (Fig. 1), low crop
yields (Fig 2) and abundant fertile soils (Fig. 3).

> We wheat yield for
Russia using the process-oriented Soil and Water
Assessment Tool (SWAT, Amold et al. 1998).

» We aim to assess yield gaps for the whole region and
quantify the impact of climate and land use change.

Material and Methods

» SWAT (Fig. 5) was configured with ASTER (DEM) and
HWSD (Soil) -data, a binary cropland/non-cropland map
(Fig. 4, Schierhom et al., in review) and meteorological
inputs from CRU (Mitchell and Jones, 2005).

» We calibrated and validated the model with official crop
yield statistic and the sensitivity analysis tool: SWAT-
CUP (Abbaspour et.al. 2004).

» SWAT uses the modified erosion productivity impact
calculator (EPIC) for crop growth modelling, considering
leaf area development and light interception (Williams,
1990).

» We simulated annual yield potentials for 1995 to 2006
under sufficient N-fertilizer supply and rainfed conditions
(S1), and under sufficient N without water limitation (S2).

Results

» Average winter wheat yield potentials are 4.79 tha
under S1 and of 5.76 t/ha under S2 (Fig. 6); yield
potentials of spring wheat are 3.77 t/ha (S1) and of 4.95
tha (S2).

> Average yield gaps for winter and spring wheat are 51%
(S1) and 60% (S2) of potential yield.

» The average yield gap for winter wheat is 52% (S1) and
43% (S2); yield gaps for spring wheat are 58% in S1
and 68% in S2.

> Water stress crucially limits wheat yields; irrigation
therefore may significantly increase yield potentials.

Perspective

» We aim to produce a comprehensive model covering the
whole RUK region with the ultimate goal to quantify
agricultural production potentials for the entire RUK
region under consideration of climate change and
recultivation scenarios.

> We plan to validate with detailed models that help
reducing overall uncertainties; multi-objective calibration
is planed including hydrology (discharge) and crop
yields.

» We will investigate water availability and apply realistic
imigation scenarios; this is crucial to assess climate
change impacts on agricultural productivity.

» We will use expert opinions and farm-level data
collected during field visits in 2014/2015.
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Large production potentials in Eastern Europe and Central Asia
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Fig. 1: About 40 million ha (~33%) of former
agricultural land was abandoned since 1990;
abandoned land is in different stages of
successional vegetation.
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Fig. 8: Climate change is likely to strongly
affect water availability; models predict
increases in dry regions of RUK but

in highly pi ive C
areas; temperature is expected to rise by 1-5
“ C. These changes may critical impacts on

and

production potentials.
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Fig. 2: Cereal yields in
Russia and Ukraine are
low and increased only

—————— uine  modestly since the
oo 1SN I) fusis early 1990s.
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Fig. 3: The highly

fertile Chernozem

(Black Earth) area
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Fig. 4: Contemporary
cropland concentrates in
the Chemozem Belt; at
present, European
Russia has about 51
million ha of arable
land and Ukraine about
31 million ha.

Source:
Schierhom et 3. (in review)

Source: Harmonized World Soil Database

Cropland distribution and SWAT framework

SWAT Input data

Simulation

Fig. 5: SWAT is a spatially explicit catchment model
covering hydrology, nutrient cycles, sedimentation, plant
growth, pesticides, and artificial structures.

Yield gaps and production potential
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Fig. 6: Average
yield gaps account
for 39-62% of the
potentials and were
mainly driven by
high climate
volatility; drought
risks reduce
investments in
agricultural inputs.
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Fig. 7: Wheat production potential
in European Russia under scenarios
of recultivation (columns) and yield
gap closure (rows).

Fig.9: We have selected

. nine in-depth regions
based on a stratification
along agro-climatic and
socio-economic conditions;
ultimately, we will produce
yield gap estimates with
SWAT for the whole RUK
region.
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Background
In the course of the Soviet Virgin Lancs Campaign ™ 43 million hectares of Eurazian steppe grn.zlnn. were converted into croplunds between 1934 and 1363, of which over 19
million hectares were ploughed LD in Northern Kaaskhztan. The breakdown of the Soviet Union in 1351 and zocic-e ic and inzti in of

agricutural land-use. However, there is 3till high uncertainty about the actual trajectories, the patterns and the drivers of agricultural and-use cmn;e (LUC), especially in former
Virgin Lancs ares of Xazakhztan.

Research questions

1. How can we accurstely map agricultural land-uze change [LUC) in steppe regions with remote sensing techniques?
2. Wnatare the spatial p and traj of agri LUC in the ztudy area | | zince the beginning of the Virgin Lands Campaign (ViC]?

3. Wnatare the socio-economic and environmental determinants of the spatial pattern of agricultural LUC in the stucy area?

Part I: Mapping agricultural LUC Results of Part |

BACKGROUND:
*No refiabie (zpatialy explicit) data on land-use are available for Kazakhstan
*Chalienge to map accurstely ged g in steppe scapes with zatellite images

Assumptions for Part Il

Hwpothesiied undedving drims.
cutmigration, crop prices, lesd-wse polics

|25 Gong et 21 2013] Hupetheized pros : of wgricaliural WWE
OBIECTIVES: Plowing again
*Producng LUC map for Sowiet [pre-1934 - 1930) and post-Sowiet period (1950 - 2010]) Comversion of of once
MEeTHODS: Covnt had v 4
*Utilizing archivel recorcs from pre-1934 to 1950 and Lanczat TM & ETM+# imagery for three @ 2
time-steps (Cres 1950 - zooo 2010) o8 guatty 2 »
-aunge jon using muki P images with Support Vector Machines o - X
zsification sccuracy assessment (vtmg validation sites, completed October 2013) ey .
Distance from roeds, .
raelweys & settlements,
X7Z 2 2k stor
Part 1i: Identifying determinants of LUC » autd
BACKGROUND: bt capeparbrsbin
e el
*Market-oriented agricuttural LUC iz criven by E isions of rati haviour of
sgricuftural agents to maximize their profits
*Underlying drivers (e.g., i 2 & emvir | settingz, crop prices| impact the decison Disassion
of .,ncukum sgents adout proximate drivers of lgncumnl LUC (e.g, sbandonment of We obzarvec wicesoread cropland conversion inko
y marginal agr areaz) grazsiands duning the first (1930-2000) 2nd the z2cond
OBIECTIVES: B 6 e v T« s e decide . aiter - the  colegse: of. Wic'; Soviet  Union.
*lgentitying the underlying and pr drivers of agri LUC pattern using participatory SO e I B ARt ot [ MECURNAECS)  OF OCE - COAVETted, O it
:l::’wm with agricuitural experts and farmers and ilec socic ic & biophys . =EEE‘_‘E£‘":;’:“__:"’_'_‘-;:: grassiancs was common a2 well mm:‘:‘m
Acuages of cuplend e}
F . z = 2 . deciine of Fvestock from 1990-2000 and decreasad the
ping sp y explicit %o expisin the pattern of agricuitural LUC e - : g.....:‘:.’_m.,.. 5 intensity on o - o
METHODS: EE—— - 1ATE 2mam srombnds GOF in Xazakztan (increase of mest conzumption), and
*Spatislly explicit logistic mocel explsining the patterns of agr LuC (1 , O- o 100w st competition  of lw-ux whest  production),
active cropiand) for three trajectories (convertad to grassionds by 2000 and stay Gs grossiands o s o o numbers anc thus
by 2010 (2] convertad to grasslonds oniy by 2010 (2} convertad to grasslonds by 2000, but - i agricunural "‘G\m an UBW Knowing
plowed cgain by 2010 (3} vnth incependent variadles (2.9. elevation; soil; cistance to roads, Saghad Gmeted m e
Iﬂllwﬂy& y’w B ’ ot by 30 | Lrwms oo L. oy T -sgra L M vt L0C i Worst
s plsusivie trade-oft Detween oiffersnt
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opportunities.



