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H I G H L I G H T S

• We model crop water demand and de-
rive changing irrigation requirements.

• Study areas are four model regions in
central Europe (i.e., Northern German
Plain).

• Results showagenerally increasingwater
demand with increasing temperatures.

• Results show a heterogeneity between
the model regions along an East–West
gradient.

• Irrigation requirement depends on cli-
mate, soil and economic conditions.
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The question whether global climate change invalidates the efficiency of established land use practice cannot be
answered without systemic considerations on a region specific basis. In this context plant water availability and
irrigation requirements, respectively, were investigated in Northern Germany. The regions under investigation –
Diepholz, Uelzen, Fläming and Oder-Spree – represent a climatic gradient with increasing continentality from
West to East. Besides regional climatic variation and climate change, soil conditions and cropmanagement differ
on the regional scale. In themodel regions, temporal seasonal droughts influence crop success already today, but
on different levels of intensity depending mainly on climate conditions. By linking soil water holding capacities,
cropmanagement data and calculations of evapotranspiration and precipitation from the climate change scenar-
io RCP 8.5 irrigation requirements for maintaining crop productivity were estimated for the years 1991 to 2070.
Results suggest that water requirement for crop irrigation is likely to increase with considerable regional
variation. For some of the regions, irrigation requirements might increase to such an extent that the established
regional agricultural practice might be hard to retain. Where water availability is limited, agricultural practice,
like management and cultivated crop spectrum, has to be changed to deal with the new challenges.
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1. Introduction

1.1. Background

Global climatic change models suggest and meteorological measure-
ments confirm temperature increase including variation of precipitation
patterns at the global and regional scale (IPCC, 2007, 2013; Leemans
and Eickhout, 2004). Depending on the soil coverage and associated
physical characteristics such as thewater holding capacity of soils the ne-
cessity of land use adaptations might arise to cope with climate change
(Adams et al., 1998). Increasing temperature will lead to higher
evapotranspiration and could lead to soil moisture deficits followed by a
growing risk of vegetation desiccation and decreasing plant development
(Rind et al., 1990; Goyal, 2004). Persistent droughtmay even lead to com-
plete crop failure. Soil moisture deficits can arise in times when evapo-
transpiration is higher than precipitation (Land Brandenburg, 2005) and
soil water storage is not sufficient tomaintain plant provision. Depending
on the temporal and spatial extent of such climate change impacts, eco-
logical and economic consequences for agriculture in large parts of
Europe may emerge (Bindi and Olesen, 2011; Ciscar, 2012; Iglesias
et al., 2012). One consequence could be an increasing irrigation require-
ment caused by soil moisture deficits (Adams et al., 1990; NLWKN,
2008, 2012). In Germany, an area of about 516,000 ha is equipped for ir-
rigation to cope with shorter periods of rainfall deficits that occur from
time to time (Frenken andGillet, 2015). In 2013, about 235,000hawas ac-
tually irrigated, and half of this area is located in the federal state of Lower
Saxony in Northwest Germany (FAO, 2013).

The required amount of irrigationwater depends on howmuchwater
the cultivation of a particular crop species requires and howmuch water
is available from local sources. Climate change could exacerbate water
availability and the demand for water (Döll, 2002). Adams et al. (1990)
calculated a general increase in water use for crop irrigation and an ac-
cording decrease in water availability for several regions in the United
States. Barthel et al. (2012) modelled an increasing water demand for ir-
rigation in theUpperDanubeCatchment. An increasing irrigation require-
ment is also expected in the East and South of Britain (Arnell, 1998). Thus,
it is a current research task to assess whether for specific regions and
crops adaptation requirements will emerge under climate change
(NLWKN, 2008, 2012;Weichselgartner, 2013). This is the basis for devel-
oping and consolidating decisions on adaptation strategies.

The research questions of this investigation are whether ongoing
climate change may lead to increasing irrigation requirement in four
model regions in the North German Plain and thereby, to a situation
where the current crop cultivation without irrigation could be a risk to
suffer from seasonal drought and whether there is a regional variability
to be expected between the different regions.

1.2. Current situation in the model regions

This investigation concentrates on four model regions in the
Northern German Plain: Diepholz and Uelzen in the federal state of
Lower Saxony in West Germany, the region Fläming on the border of
the federal states Saxony–Anhalt and Brandenburg in East Germany
and the county of Oder-Spree, located in the East of Brandenburg
(Fig. 1, Section 2.2).

In the county of Diepholz, the distinctive maritime climate and the
frequent occurrence of moor soils (soil type histosol, according to the
World Reference Base for Soil Resources (IUSS Working Group WRB,
2014)) with a high water holding capacity contribute to a high water
availability and therefore, to a low irrigation requirement. Nevertheless,

farmers locally expand irrigation equipment to be safe from successive-
ly increasing occasional dry periods (Agrarheute, 2013).

Because of a low annual precipitation amount of approximately
680mmper year (DWD, 2010) and sandy soils with a lowwater holding
capacity and temporarily occurring soil water deficits (Sutmöller et al.,
2008), the county of Uelzen is one of the regions where irrigation is
needed in agriculture (NLWKN, 2012). In Uelzen, groundwater use
for irrigation is currently set to a maximum by legal regulations of
79 mmm−2 per year with a moving average over seven years in order
to avoid depletion (Battermann and Theuvsen, 2007–2009). On average,
73 mmm−2 per year, i.e., 92.4% of the permitted amount was used for
irrigation from groundwater extraction during the time period 1997–
2004. In the low-rainfall year 2003, it was even 125% of the permitted
amount. The intensity of irrigation has an additional economic
background: Because of a local agro-industrial capacity for sugar beet
processing, large amounts of this crop are grown and require high
amounts of water (NLWKN, 2008).

In Brandenburg, where parts of the region Fläming and the county of
Oder-Spree are located, the annual precipitation amount is even lower
(approximately 570 mm; DWD, 2010; Lischeid, 2010) and evapotrans-
piration seasonally can exceed precipitation. In 1999, new negative re-
cords for the climatic water balance – precipitation minus potential
evapotranspiration and runoff (Baumgartner and Liebscher, 1990) – of
−400 mm during the vegetation period were reported (Land
Brandenburg, 2000). The average water deficit was estimated to be
120–140 mm per year from April to September (Land Brandenburg,
2005). Even in years without such extreme conditions, fruits and crop
species such as maize and potato can only be cultivated in an economi-
cally profitable way with irrigation (Land Brandenburg, 2000). This is
the reason why crops with a high water demand like sugar beet and
potato are usually not cultivated in Brandenburg (Table 3).

Irrigation was well-established before the German unification with
120,000 ha equipped in the federal state of Brandenburg (Land
Brandenburg, 2000; Lischeid, 2010). In 2000 only 20,000 ha of them
were still in operation. In 2009, the agricultural area equipped for irrigation
increased to 38,960 ha again, 21,082 ha of them were actually irrigated
(Land Brandenburg, 2011). The extension of irrigation systems in Bran-
denburg was subsidized by the government in the time period 2000–
2010 with over 30 million € to maintain competitiveness in agriculture,
horticulture and permanent cultures (Land Brandenburg, 2011).

Comparing the four regions under investigation, irrigation is most
significant in the county of Uelzen, where 58,000 ha are equipped for ir-
rigation and 90% of the agricultural land is currently irrigated (Fricke,
2005; Schaller and Weigel, 2007; Battermann and Theuvsen, 2007–
2009; Heidt, 2009; FAO, 2013). Currently, irrigation is not conducted
to a large extent in the other regions investigated.

2. Material and methods

2.1. Study design

To estimate irrigation requirement we developed the soil water
model BewUe (Bewässerung Uelzen, translated: irrigation Uelzen;
Section 2.4). The amount of soil water required to keep water content
above a given threshold to prevent crop growth decrease was defined
as irrigation requirement. Missing irrigation would not necessarily
cause crop failure but yield reductions would be probable.

In agricultural practice, irrigation is applied if soil water content falls
beneath 30–80% of the available field capacity (Land Brandenburg,
2005). To estimate minimum requirements, we use a lower level of
20% that still allows growth but does not provide safety margins

Fig. 1. Soil coverage patterns in the regions investigated (BGR, 2007). Climate data (DWD, 2010) refer to grids indicated representing areas withminimal difference to the average climatic
conditions in the respective region. The assignment of the occurring soils refers to level 1 of theWorld Reference Base for Soil Resources (IUSSWorking GroupWRB, 2014). The smallmap
on the upper left shows the location of themodel regionswithin the federal states of Germany. (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)
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