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ABSTRACT
The semi-arid and arid regions comprise almost 40 percent of the world’s land surface.
The low and erratic precipitation pattern is the single most significant contributor for
limiting crop production in such regions where rainfall is the source for surface, soil
and ground water. In a changing climate, the semi-arid and arid regions would
increasingly face the challenge of water scarcity. According to the relevant literature;
under the assumption of a doubling of the current atmospheric CO2 concentration,
irrigation demand was estimated to increase for wheat and to decrease for second crop
maize in a Mediterranean environment of Turkey in the 2070s. Crop evapotranspiration
would decrease due to stomata closure. Reference evapotranspiration and potential soil
evaporation were projected to increase by 8.0 and 7.3%, respectively, whereas actual
soil evaporation was predicted to decrease by 16.5%. Drainage losses below 90 cm soil

depth were found to decrease mainly due to lesser rainfall amount in the future.
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I. INTRODUCTION

An increase of 0.74 (£ 0.18) oC has occurred in the global average temperature
during the past 100 years. Precipitation has increased by 0.5-1.0% per decade over most
mid-and high latitude in the Northern Hemisphere continents. There has been a 2-4%
increase in the frequency heavy precipitation. The extent of snow cover has decreased
about 10% since 1960’s.The frequency and intensity of droughts in parts of Asia and
Africa has been observed to increase in recent decades. Based on a range of several
current climate models, the mean annual global surface temperature is projected to
increase by 1.1 to 6.4 ? over the period of 1990 to 2099, with changes in the spatial

and temporal patterns of precipitation (IPCC, 2007). All land areas will warm more



rapidly than the global average. Globally averaged precipitation is projected to increase,
but at the regional scale both increases and decreases have been reported. For example,
the considerable increases in precipitation and average temperature have been observed
in East Asia according to data analysis of the 20th century, and these variables are also
projected to increase in the future (Min et al., 2004). Year to year variations in
precipitation are larger over most areas where an increase in mean precipitation is
projected. However, precipitation is not likely to increase in (semi)-arid regions where
the effects of climate change on soil water balance are of major concern as the
increased temperature stimulates the evaporative demand of the atmosphere (Aydin et al.,
2008). In this paper, quantitative changes in soil-water balance compiled from the
literature in response to climate change were explored for a semi-arid Mediterranean

environment.

II. MATERIALS AND METHODS

Possible changes in water demand and supply for irrigation in the Mediterranean
countries including Turkey, as a consequence of climate change may have serious
implications for the agricultural production of the region countries. Cukurova plain is
one of the most productive regions of Turkey, and a typical Mediterranean climate
prevails in the region with the long term (1975-2006) mean annual temperature,
precipitation and potential evapotranspiration of 19.0 oC, 650 mm and 1320 mm,
respectively. Therefore, various studies (Evrendilek et al, 2005, 2008; Yano et al., 2007;
Aydin, 2008; Aydin et al.,, 2008; Fujihara et al., 2008; Onder et al., 2009) were carried
out to predict impacts of climate change on soil-water budget and plant growth and
development under climate change scenarios by general circulation models (GCMs) and
regional climate models (RCMs) in the Mediterranean region of Turkey. This study is a

compilation of the data related to soil-water balance from the references cited above.

III. RESULTS AND DISCUSSION

Under the assumption of a doubling of the current atmospheric CO2 concentration,
precipitation in the 2070s was projected to be 25-30% less than the present in the
Mediterranean region of Turkey. Air temperature was estimated to increase by 2-3 °C
(Kimura et al., 2007; Kitoh et al., 2007). The quantities of water balance components
for present and future are summarized in Table 1. Irrigation demand for wheat was
estimated to increase mainly due to decreased precipitation in the future. On the
contrary, irrigation demand for maize was estimated to considerably decrease which
reflects decreased crop evapotranspiration due to stomata closure (Yano et al.,, 2007).

Reference evapotranspiration and potential soil evaporation were projected to increase by



8.0 and 7.3%, respectively, due to the elevated evaporative demand of the atmosphere,
whereas actual soil evaporation was predicted to decrease by 16.5% due to lesser
rainfall amount and erratic rainfall pattern (Aydin et al., 2008). Drainage losses below

90 cm soil depth were found to decrease mainly due to lesser rainfall in the future.

Table 1. The components of soil-water balance in the Mediterranean region of Turkey

based on climate projections (Yano et al., 2007; Aydin et al., 2008)

. Drn
Climate ET¢*  Irrig ETr Ep Ea
Cro Period mm/yr
P Model (mm) (mm) (mm/yr) (mm/yr) (mm/yr) ( ) Y
1994-2003  349.2 0
CGCM2
2070-2079  250.9 16.8
Wheat 1994-2003 301.8 24.8
MRI-RCM
2070-2079 276.6  68.9
CCSR-NIES 2070-2079 2525 79.2
1994-2003 414.1 3755
Maize CGCM2 2070-2079 314.0 3184
(second 1994-2003 439.8 423.1
MRI-RCM
crop) 2070-2079 317.6 3314
CCSR-NIES 2070-2079 326.6 3282
Reference 1994-2003 1052.7
MRI-RCM
crop 2070-2079 1144.7
1994-2003 876.4 301.3 329.2
Bare soil MRI-RCM
2070-2079 945.0 251.6 96.3

"ETc = actual crop evapotranspiration; Irrig = irrigation demand; ETr = reference crop
evapotranspiration; Ep = potential and Ea = actual soil evaporation; Dm = drainage

losses.
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