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Abstract. Global and climate changes influence the basic conditions for agriculture. There-
fore there is not only a demand for a strict climate protection but also for an adaptation of agri-
culture to changing conditions. For a study region of 60x40 km within the moraine landscape of
North-East Germany, mainly used for agriculture, water balance, nitrogen and sulphur loads as
well as crop yields were calculated for the actual and for a possible future situation. The com-
parison between the Scenario 2050 and the Initial Situation in 2000 revealed significant chang-
es of the water balance (decrease in percolation water, increase in actual evapotranspiration) as
well as of the concentration of nitrogen and sulphur in the percolation water. For the study re-
gion the crop yields decrease only slightly if the CO2fertilizing effect is taken into account. Adap-
tation measures in response to changing climate conditions to achieve an economically secured

and sustainable agriculture are recommended.

Key words: climate change, impact assessment, nitrogen load, sulphur load, water bal-
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INTRODUCTION

One of the most fundamental ques-
tions facing humanity today is how global
climate change will impact the terrestrial
ecosystems, i.e. the cultivated landscapes.
For a sustainable development of rural
areas a highly productive and environ-
mentally sound agriculture plays an essen-
tial role. It can be expected, that climate
change has an increasing impact on agri-
cultural productivity and the environment
[1, 2]. For European agricultural
production the entire range,
from local dramatic losses to relatively
positive effects, is assumed [3, 4, 5]. An-

as well
spanning

other common result is that a changed
landscape water balance causes endanger-
ing water deficiency for non-production
ecosystems [6]. Results, however, rest on
modelling that is usually based on roughly
discriminated land use types, e.g. cropland/
grassland/forest [7] with a low spatial resolu-
tion, or otherwise selective examinations.

Although Wessolek and Asseng's [6]
model predicts yields and water balance
for North-East Germany with a high tem-
poral resolution, their statement for 2050
is restricted to one crop at two sites with
characteristic soil substrates .

Model-based
impact on regions is still dominated by

research on climate

agriculture and considers mostly yield de-
velopment, landscape water balance, nu-
trient dynamics and nutrient loads or en-
dangerment of habitats separately. There
are hardly any comprehensive eco-
systemic simulations based on extensive,
real site and land use data of an entire
landscape section collected over several
years.

Against this backdrop, an
systemic sensitivity analysis on the reac-
tion of a well and detailed documented
area dominated by agriculture under the
actual climate situation of 2000 and under
a regional climate change scenario as-

eco-
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sumed for 2050 [8] are shown in an exem-
plary manner. It
changing continuation of current land use
practice, taking extensive field-specific
data of a typical agrarian landscape in the
partially drought endangered climate of
North-East Germany as a representative
example. Coherently modelled and inter-
preted for this study region are first, ele-
ments of the water balance, second, nutri-
ent loads and percolation water concen-
trations for nitrate and sulphate, and third
yields of agricultural Climate
change impacts on agriculture could be
reduced using adapted and/or new land
use systems and management practices.
MATERIALS AND METHODS
Study region

is based on an un-

crops.

As part of the Brandenburgian dis-
trict “Maerkisch-Oderland” the study re-
gion is located within the moraine land-
scape of North-East Germany. The area
extends about 60x40 km and is situated
approximately 50 km east of Berlin, i.e.
The
north-west and the south-west of the
study region are parts of sandy-loamy mo-
raine plateaus called “Barnimer Platte”
and “Lebuser Platte”, respectively, with
about 60 m MSL for both plateaus. The
south-eastern part of the study region is
located in the valley bottom of the
“Oderbruch” region at 5-12 m MSL with
mostly clayey alluvial soils. The recent cli-
mate of the study region
continental climate with a significantly
decreased precipitation gradient
west to east. In the study region, the major
part of the land is used for agriculture
(about 54,000 ha) across 54 farms from
50 to 7,200 ha with 1,085 ha on average.
Winter cereals are grown on 45 % of the
arable land of the study region, followed
by silage maize and rape with about 9 %
each, alfalfa with 3 % and sugar beet with
2 %. Land in the study region that is not
used for agriculture represents predomi-
nantly forestry and has not been taken
into consideration.

between Berlin and the river Oder.

is a semi-

from

Model and simulation platform

To assess the consequences of re-
gional climate changes in North-East Ger-
man landscapes to the components of cli-
matic water balance as well as the nitrate
and sulphate concentration in the percola-
tion water the complex dynamic simula-
tion models HERMES for soil nitrogen and
SULFONIE for soil sulphate both devel-
oped by Kersebaum [9, 10], Willms et al.
[11] and Eulenstein [12] were applied.
The nitrogen and sulphur models take in-
to account mineralization, denitrification
and transport (by soil water) processes,
an atmospheric deposition as well as the
uptake by plants. The models run in a dai-
ly mode and with 0.1 m soil depth com-
partments, the modelling is confined to
the rooting zone (max. 2 m). Both models
contain a layer model for soil water and
take into account a capillary rise from be-
low 2 m. The potential evapotranspiration
is determined according to Haude [13]
using crop-specific monthly factors.

Scenario definition

For the study region simulation runs
for two scenarios are characterizing differ-
ent climatic levels (Initial Situation 2000
and Scenario 2050) were defined. Within
each scenario the simulation runs over a 9
year time period (Initial Situation 2000:
1993-2001; Scenario 2050: 2046-2054)
representing the basis for the comparison with
respect to climate impacts on the study region.

The data (temperature,
precipitation, sunshine duration/
radiation) for the Initial Situation 2000
were taken from the meteorological sta-
tion Muencheberg as daily real weather
data. For the Scenario 2050 daily weather
data for Muencheberg were taken from
the climate scenario defined by the Pots-
dam Institute of Climate Impact Research
[8] using a special statistical method. This
climate scenario underlying Scenario
2050 is based on the ECHAM4-OPYC3 cli-
mate model of the Max Planck Institute for
Meteorology Hamburg (Germany) assum-
ing the moderate emission scenario A1B-

weather
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CO2(increase of annual mean temperature
by 1.4 K; decrease of annual precipitation
by 112 mm) with a regionalization for the

Federal State of Brandenburg. The climatic
conditions of both scenarios are compared
in table 1.

Table 1 - Scenario definition by meteorological data and elements of climatic water balance

Initial Situation 2000

Scenario 2050

Parameters 1993-2001 2046-2054
Annual mean temperature (°C) 8.1 9.5* (increase of 1,4K)
(Station Muncheberg)
MearT precipitation (mm a-J) 569 457* (decrease of 112)
(Station Muncheberg)
Sunshine duration (h a-) 1698 1842
Act. evapotranspiration (mm a-l) 417 437**
Perculation water (mm a-1) 143** 12**
Change of storage (mm a-1) 9** g**

* based on stochastic simulation per day (Figure 1), from Gerstengarbe et al. [8]

** simulated with HERMES [9, 10]

The crop rotations, mean values for
the nutrient balances (Calculation method
is described in: [14] and the yields for the
Initial Situation 2000 were determined by
means of yearly field-specific samplings
from each farm within the study region.
The average amount of mineral and organ-
ic nitrogen fertilizers was 102 kg N ha-la-1
and 38 kg N ha-la-l, respectively, and the
amount of mineral and organic sulphate
fertilizers was 12 kg Sha-1 a-1and 5 kg S
ha-la-1, respectively. For Scenario 2050
crop rotations and fertilizer inputs were
taken unchanged from the initial situation.

At both scenarios atmospheric dep-
ositions of 8 kg N ha-la-1and 6 kg S ha-la-1
were assumed.

For the purposes of sensitivity anal-
ysis, for Scenario 2050 the following basic

> > > > >
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~Temperature.

conditions were also kept constant (as in
Initial situation 2000):

esoils with soil characteristics

espectrum and percental distribu-
tion of agricultural grown crops including
the according agro-management

elevel of plantbreeding

RESULTS AND DISCUSSION

Initial Situation 2000

From the measured climate data
(table 1, figure 1) a potential evapotran-
spiration of 510 mm a-1is calculated for
the Initial Situation 2000. With 417 mm a,
the real evapotranspiration remains near-
ly 100 mm below thatvalue. In the Initial Sit-
uation 2000, the modelled mean water storage
up to a depth of 2 m amounts to 404 mm in
autumn.

> > > > >

2 2 2 2

Precipitation

Figure 1 -Time series of precipitation and temperature for station Muncheberg (Top:
Initial Situation 2000, Bottom: Scenario 2050 [8])



The infiltration rate (deeper than
2 m displaced soil water) averages at
143 mm a-1 It correlates with the vari-
ances of the annual precipitation to a large
extent. Values as low as 60-120 mm a-loc-
cur predominantly in the area of the clayey
soils of the “Oderbruch” section with a
high soil moisture capacity.

The nitrogen surplus of the period of
examination averages at 55 kg ha-1 across
all areas, the sulphur surplus at 15 kg ha-1
(table 2). The annual nitrogen discharges
of the Initial Situation 2000 differ between
25 and 100 kg ha-1around the average of
60 kg ha-1

The difference between assessed N
balance and modelled N discharge in a soil
depth of 2 m indicates a reduction of the N
storage in the soil layer up to a depth of
2 m of at least 5 kg ha-L Minor gaseous N
losses in addition may increase this reduction

The modelled nitrate concentration
in the percolation water varies between

150 and 300 mg |-}, with an average of
232 mg I-L There are comparable relations
between load and concentration with sul-
phur and sulphate, respectively.

The yield level of the Initial Situation
2000 is characterized by average crop
yields of 5 t for winter cereal, 23 t for si-
lage maize and 2,5 t for rape.

Scenario 2050

Although precipitation is 20 % low-
er, an increase of the current evapotran-
spiration by 20 mm to 437 mm a-lis cal-
culated for Scenario 2050 (table 1). This
results from warmer winter periods,
whereas increased temperature of the
summer periods induces no additional
evapotranspiration.

With 313 mm,
storage up to a depth of 2 m calculated for
autumn is 91 mm lower than in the Initial
Situation 2000. The average percolation
rate goes down to 12 mm a-1

the average water

Table 2 - Budgets and percolation water dynamics of N and S

Initial Situation 2000

Scenario 2050

N (kg ha-1a-l) S (kg/Zha-la-]) N** (kg ha-1la-1) S** (kg ha-1a-])

Parameters
Atmospheric deposition g*
Input mineral fertilizer 102*
Input farm yard manure 38+
N2fixation by legume 9*
Losses of farm yard manure
by storage and application N *
Output harvesting products -90*
Surplus 55*
Load in percolation water B6O***
Concentration in Nitrate
percolation water (mg NO3I-)
232***

6* 8** 6**
Lot 102** 12%*
5* 38** 5**
- gx* -
- -12%* -
_7* _Q0** 7
15* 55** 15**
24*** AQ*** grrx
" S Nitrate Sulphate
P m (mg NO3I-) (mg SO41-])
49*** 751*** 132***

* surveyed from aggregated plot budget of 54 farms with total 53573 ha
** under assumption of similar management as in Initial Situation 2000
*** simulated with HERMES / SULFONIE I9, 10, 111



At the clayey sites of the
“Oderbruch” section, a decrease in perco-
lation water of 100-140 mm a-1 predomi-
nates, which reveals in the failure of signif-
icant infiltration rates in 8 of the 9 simu-
lated years. At the sandy sites, there is an
even stronger decrease. However, due to
the high infiltration rates in the Initial Sit-
uation 2000, this only locally induces the
absence of any infiltration.

For Scenario 2050, an average nitro-
gen discharge of 40 kg ha-l1is predicted if
the nitrogen surplus remains unchanged
at 55 kg ha-1 (table 2). The resulting in-
crease of the nitrogen storage in a depth
up to 2 m is due to a strong deceleration of
the downward movement of the nitrate, as
infiltration rates decrease until 2050. This
process, which also applies to the sulphur
dynamics, still continues in the Scenario
2050 time span.

As a result of decreased infiltration
rates the modelled nitrate concentrations
in the percolation water
mean value of 751 mg I-1 (table 2) with a
maximum of 900 mg I-L The amounts of
discharge of sulphur and percolation wa-
ter concentration of sulphate respond cor-
respondingly.

Differences Scenario 2050 to
Situation 2000

The conducted sensitivity analysis
reveals dramatic changes of the water bal-
ance as well as the concentration of the
examined nutrients N and Sin the percola-
tion water if the current land use practice
is maintained until 2050 while yields de-
crease only slightly or hardly at all if the
CO2fertilizing effect is taken into account.

increase to a

Initial

Increase of the real evapotranspira-
tion by 20 mm a-1 only results from the
warmer winter periods, due to insufficient
soil water supply during summer. De-
creased precipitation and increased real
evapotranspiration reduce ground-water
recharge under agricultural land to 12 mm
a-1 on average. Due to variability of site
and weather conditions, years without any
local groundwater recharge may occur.

The N load of the percolation water
declines from 60 to 40 kg ha-l a-l, the S
load from 24 to 8 kg ha-1 a-1. These lower
values, which may be considered
scape-ecologically favorable, result (if in-
put remains constant as defined, cf. table
2) in N enrichment in the upper 2 m of the
soil still progressing during Scenario
2050. Despite the decrease of the loads,
the concentration of nitrate in the percola-
tion water more than triples on average
(from 232 to 751 mg NO3I-1) as a result of
even more dramatically decreasing infil-
tration rates. The sulphate concentrations
respond correspondingly.

Whether, when, and how strongly
these small amounts of highly eutrophic
percolation water impact the ground wa-
ter and neighboring ecosystems, depends
particularly on the occurrence of high-
rainfall weather extremes, a general un-
predictability in this study

CONCLUSION
Adaptation measures by agriculture

land-

In conclusion of these simulation
results for the study region different adap-
tation measures in response to the chang-
ing climate conditions for an economically
secured and sustainable agriculture are
proposed:

esite-specific optimization of the
whole production system for an effective
water use and for the conservation of the
soil organic matter

eintegration of new drought
sistant crops and varieties into adapted
crop rotation

re-

escheduling of nitrogen fertilization
in dependence of plant ontogenesis and
water availability

eapplication of conservation soil till-
age and direct sowing methods

eall-the-year coverage of arable land
for reducing evaporation and surface runoff

eeffective usage of irrigation especially
for potatoes, vegetables and special crops

eestablishment of agro-forestry or
hedge systems to
evaporation especially in affected areas.

reduce erosion and
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KNMMATTbIH, O3TrEPY1 bW MAN ETKEH AYbIJT WWAPYALW bINbAbI
NAHOWA®PTAPbIHOAFBI CY3IUITEH CYNAPFA A3OT MEH KYKIPTTIH, TYCYI
NenbHMYK arponaHgwad T Thbl 3epTTey opTanbirel (ZALF), D-15374 MioHx6epr
uanacol, lepmaHus, e-mail: feulenstein@zalf.de

28.0. OcnaHoB aThbiHAarbl Kasak, TonblpaKTaHy >X3He arpoxXumMus rbl/ibiMu-3epT Tey
MHCTUTYTbI, 050060 AnimaThbl, an-dapabun gauyreinel, 75 B, Lasa™*cTaH,
e-mail: ab.saparov@mail.ru
3Kyb6aHb MemnekeT TK arpapnblyHusepcuTeTy Peceld
FanamibiK >XaHe KNMMaTTbIK; e3repKTepAll, acepi aybin wapyawbiibirbiH XYPridy YLwiH
Herisri>argannap 6onbin Tabbinagbl. COHAbIKTAH KNMMAaTTbIL, KaTal, caHTany Ka>KeTThIT paHa
eMec, coHaun-akK; e3repreH »argannapra aybifi wapywbinbirel 6eiimgey ge 6ap. 3epTTey YLUiH
HerisiHeH aybln LWapylwbifbifbiHA MavganaHaTblH epmaHusaHbliy, ConTYcmK-LbIFbicbiHAaF bI
MOpeHIK naHpawadTap weriHgeri 60x40 kKM avMak; Taugan anblHAbl. K~Apn kKe3geri »XaHe
6onawakTarbl MYMKIiH >argannap YwWiH cy 6anaHcbl, a3oT NeH MO PTTL, Mefwepb CoHan-ak
eHiMAinik ecenTengi. 2050 >bINrbl cueHaphigi >xaHe 2000 XXbIArbl 6acTankbl >Kargavgbl
canbICTbIpy Cy 6anaHCbIHbIL, efieyni e3repreHiH (cy TYCYiHiy, asalobl, HaKTbl 6ynaHyably, apTysl),
COHAau-akK cY3inreH cynapgarbl asoT NeH ~rapTTw, KOHUEHTpauuACbIHbIL, ee3repreHiue
KepceTTi. 3epTTeneTiH anmak YLiH ewumabbK, erep CO2apTy acepi eckepbleTw 6onca, wamanbl
azaaabl. TypakTbl XX9He 3KOHOMUKAaNbIK KaMCbI34aHAbIPbIIraH ayblf WapyLwblibifblH Kongay
YWiH KnuMaTTbIK XXargannapabiy, esrepyiHe 6ewimgey 6oublHLLIA ic-LUapanap yCblHbliNaabl.
TYWRiHAI cB34ep: KNMMaTTbIL, e3repyb acepAi 6aranay, a3ot menwepb KYKIpT Mmenwlepi, cy
6anaHcbl, MOpeHAi naHawadgT.
PE3HOME
13dpaHK dyaeHw TenH, 13¥Be WuHagnep, "3Notap Mwnnep, IMaHTuac Bunmc, WapuvoH
Tayuke, 2A. Canapos, K. NMNadynkunH, 2A. OTapoB, 2Acxapg Weya>keHb
MOCTYNNEHWE A30TA U CEPbl B dUNbTPALIMOHHBLIE BO/ibl B CE/IbCKOXO34AM-
CTBEHHbIX NTAHAOWA®PTAX, BATPOHYTbIX NIBMEHEHVEM KJIMMATA
MNeNnbHUUKNNA arponaHawad THbIA nccnegoBaTeNnbCKUn LeHTp (ZALF),
D-15374 r. MioHx6epr, N'epmaHusa, e-mail: feulenstein@zalf.de

2Kas3axcKuii Hay4Ho-uccnefoBaTeNbCKUA UHCTUTYT NMOYBOBEAEHUSA N arpOXUMUN UM. YY.

YcnaHoa, 050060 AnmaThbl, NnpocnekT anb-®apabun 75 B, KazaxcTaH,

e-mail: ab.saparov@mail.ru
3KybaHcknii FlocyaapcTBEHHbIV arpapHbliiyHuBepcuTeT, Poccuda

BnusHWe rno6anbHbiX U KIMMATUUYECKUX U3MEHEHUU AIBNsieTcsl 6a30BbIMU YCNOBUAMU
ONs BefleHUsA CEeNbCKOro X03sIMCTBa. TakKMM 06pas3oM, CYLLecTBYeT He TO/MbKO MOTPeGHOCTbL B
CTPOroM COXpaHEeHWW KNuMaTa, HO TakXKe U afanTauumn ceNbCKOro X03sMCTBA K MEHSIOLLMMCS
ycnosuaM. [ns n3yyeHus 6bin BblGpaH pernoH 60x40 KM B npefenax MOPEeHHbIX naHawadTos
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CeBepo-BocTouHOM FepMaHMn, B OCHOBHOM WCMOMb3YEMbIN ANS1 CENbCKOTo X03aucTBa. Ana cy-
LLLeCTBYIOLLEN M BO3MOXKHOW B ByAyLLEM CUTYyaLMU 6bINM paccuMTaHbl BOAHbIM 6anaHc, Konnde-
CTBO a30Ta W cepbl, a TaKXKe ypoXKanHocTb. CpaBHeHMe MexXay cueHapuvem 2050 roga U ncxopn-
HoM cuTyauum B 2000 rogy, NoKasano 3HaudUTeNbHble W3MEHEHUsi BOAHOro 6GanaHca
(YyMeHbLLIeHWe MOCTYMNAeHNUs BOAbl, yBennveHne akTMUYECKOro UCNapeHusl), a TakxKe M3MeHe-
HUA KOHLEHTpauuu asoTa n cepbl B (OUNbTPALMOHHBIX BoAax. [nsi N3y4yaemoro pervoHa ypo-
>KaMHOCTb YMEeHbLLIAeTCsl He3HauuTeNbHO, ecn yuuTbiBaeTca 3PQeKT yBennueHmsa CO2 Ans
noaaep>XaHUsi 3KOHOMUYECKN 06ecrneyeHHOro M yCTOMYNBOro CeNbCKOro X03AMCTBa PEKOMEH-
AyoTCS Mepbl Mo aganTaumn B OTBET HA U3MEHEHUE KIMMATUYECKUX YCNOBUMN.

Kniouesble c/l0Ba: M3MeHeHMe KAMmara, oLleHKa BANSAHUS, KONMYeCcTBO a3oTa, KONM4YecTBO
cepbl, BOAHbIN 6anaHc, MOPeHHbIVM naHawadgT.
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