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1. Introduction

In this report, we compare the future
precipitation change obtained by 19 coupled
atmosphere-ocean  general circulation  models
(AOGCMs) under the SRES A1B scenario, whose
horizontal resolution is about 200 km, and that
obtained by a time-slice experiment with an
atmospheric general circulation model (AGCM)
with a horizontal resolution of about 20 km (TL959
linear Gaussian grid) (Mizuta et al. 2006).

2. Present-day precipitation validation

We first validate model precipitation with two
observations. Figure la illustrates observed annual
precipitation from East Mediterranean 0.05 degree
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Fig. 1. Annual precipitation. (a) East Mediterranean 0.05 deg climatology (Yatagai 2006). (b) CRU (New
etal. 1999). (c) IPCC AR4 model ensemble means. (d) MRI 20-km AGCM.
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climatology (Yatagai 2006), while Fig. 1b is from
the Climate Research Unit (CRU; New et al. 1999).
Two observations show areas of large precipitation
such as coastal regions and mountainous areas.

Figure 1c shows the ensemble averaged annual
precipitation of 19 AOGCMs corresponding to the
1981-2000 period. Here, data are interpolated to
common 2.5 degree grids as the models' horizontal
resolution varies between 500 km and 100 km. See
Nohara et al. (2006) for details of the models used.
Due to coarse resolution, the model ensemble
reproduces large-scale characteristics of annual
precipitation  distributions with a north-south
contrast within this region and large precipitation at
the northeastern part of Turkey, but orographic
rainfall pattern and coastal maximum are not
visible.
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Figure 1d is the annual precipitation obtained
with the 20-km mesh AGCM, which clearly depicts
orographic rainfall along the Mediterranean and the
Black Sea coast, as well as over the Zagros
Mountains. Precipitation maximum over the Adana
region is also well reproduced. There also is a hint
of "Fertile Crescent"-like precipitation belt, which
runs from the Jordan Valley northwards through
inland Syria, into southeastern Turkey (Anatolia),
eastwards through northern Irag, and finally
southeastward along the Zagros foothills of western
Iran. It is apparent that the high-resolution model
depicts orographic rainfall very well, and is suitable
for regional climate projections.

3. Future projections by AOGCMs

Before discussing future climate projections by
the 20-km mesh model, projected precipitation
changes by AOGCMs are shown in comparison.

Using daily precipitation data of the MRI
AOGCM simulations (Yukimoto et al. 2006), we
calculated various statistics of precipitation and their
changes (Kitoh et al. 2005). It is found that the
Mediterranean region is classified as the region
where total precipitation decreases and the
precipitation frequency decreases but its intensity
increases in the future. Figure 2 shows the monthly
mean precipitation averaged for the region 27°-37°E,
36°-41°N. It is shown that the precipitation
decreased significantly in the future during early
winter season (Nov—-Jan). Analysis of frequency of
rainy day and intensity (not shown) reveals that the
frequency of rainy day events decreased throughout
the year, with significant decrease during Nov-Jan
and Apr—Jul season, while changes in intensity are
smaller and there is even a month (Oct) when
intensity has increased. Therefore, a decrease in total
precipitation mainly comes from a decrease in rainy
day.

Figure 3 shows the changes in seasonally
averaged precipitation between the end of the
twenty-first century and the end of the twentieth
century of IPCC AR4 model ensemble means. Here
model uncertainty is estimated by comparing the
ensemble mean change and the model scatter
(inter-model standard deviation of the changes). In
Fig. 3, lightly and heavily hatched region denotes
the grid point where the ensemble mean

precipitation change is larger than 0.5 times or 1
times of inter-model standard deviation of the
changes, i.e., consistency among model projections.
As a large-scale feature, future precipitation in this
region will decrease throughout the year. It is noted
that future precipitation will significantly decrease
over the Mediterranean and the surrounding region
including Middle East in winter. A positive phase of
North Atlantic Oscillation-like pattern dominates in
the mean response of sea level pressure anomaly in
the future, which favors to suppress cyclone activity
and precipitation in this region. A decrease is also
significant in this region among models in spring,
although its magnitude is less than in winter. The
summertime decrease in precipitation shifts
northward toward the Black Sea area.

4. Future projections by 20-km mesh AGCM

Using the 20-km mesh AGCM, we have
conducted two “time-slice” 20-year simulations.
One is a present-day and the other is a global
warming simulation that uses the sea surface
temperature (SST) corresponding to the 1981-2000
and 2081-2100 period, respectively, by the MRI-
AOGCM simulations.
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Fig. 2. Monthly mean precipitation averaged over the
Turkey  (27°-37°E, 36°-41°N) by the
MRI-CGCM2 for the present (green line) and the
future (red line). Thin lines are for each ensemble
member and thick lines are for the ensemble mean.
Large (small) boxes are plotted when the difference
is significant at 90 (70)% level.
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Fig. 3. Seasonal precipitation changes from the present to the future (2081-2100) by the IPCC AR4 model
ensemble means. Light and heavy slant lines denote areas where the change is larger than 0.5 and 1.0
times of intermodel standard deviation, respectively.
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Fig. 4. Seasonal precipitation changes from the present to the future by the 20-km mesh AGCM.



Figure 4 shows the changes in seasonal mean
precipitation at the end of the 21st century simulated
by the 20-km mesh AGCM. Large decrease in
precipitation is found in winter (DJF) around the
southern coastal region of Turkey, particularly over
the eastern Mediterranean Sea. It is noted that an
area of large precipitation decrease is extended into
the lower Seyhan River Basin, blocked by the Toros
Mountains to the north. There is an increase in
precipitation over the northern coastal region in
Turkey facing the Black Sea. The pattern is different
in spring (MAM), when magnitude in precipitation
changes over the Mediterranean Sea becomes
smaller, and even a sign of precipitation changes
becomes opposite from that in winter in some areas,
in particular over the ICCAP region of the lower
Seyhan River Basin. The Central Turkey region is
projected to have more precipitation in this season.
There is a small belt of precipitation decrease over
the upper Seyhan River region, where a decrease
becomes more evident in summer. In summer (JJA)
most of Turkey experiences decreased rainfall in
this model projection. In fall (SON), decreased
precipitation over the Mediterranean region
becomes dominant again with a northern wet and
southern dry contrast.

Evaporation generally increases in all seasons,
but this field is distinct in a clear contrast between
land and the oceans (not shown). There are large
evaporation increases over the Mediterranean and
the Black Sea in summer, fall and winter seasons,
while in spring evaporation increase over land is
larger. Large evaporation decreases are only
projected over southern part of Turkey in summer
and over eastern Mediterranean countries in spring
and summer. Decreased evaporation in these
regions may be related to soil moisture changes, but
further investigation is needed.

Even in areas of increased precipitation,
evaporation excess overcompensates and surface
runoff has decreased. This is particularly true over
the central Anatolia in spring, where precipitation
increased but runoff decreased. Over the lower
Seyhan River Basin, decrease in runoff is projected
in winter but changes its sign in spring. On the other
hand, opposite runoff changes are seen over the
upper Seyhan River area. In summer, there is little
change in surface runoff, although precipitation
decreases over the southern Anatolia region.
Cancellation between precipitation changes and
evaporation changes resulted in little changes in
runoff in this season.

5. Concluding remarks

The 20-km mesh global AGCM simulations are
performed for the present and future conditions,
respectively. Due to increased resolution, synoptic
scale atmospheric circulations are very well
simulated together with orographic precipitation
features. There is a discrepancy between
low-resolution AOGCM results and high-resolution
AGCM results on the sign in future precipitation
change in some areas. Whether this discrepancy
comes from different resolution, i.e. how orographic
rainfall is resolved in the model, or stems from other
reason should be investigated in the future.

These very high resolution model’s results
would be very useful for regional climate change
assessment because the global model has no
artificial boundaries that regional models must use.
A limitation of time integration due to huge
computational resource and non-existence of air-sea
interaction are trade-offs.

Acknowledgment

MRI 20-km model results are from the research project
“Development of Super High Resolution Global and
Regional Climate Models” funded by the Ministry of
Education, Culture, Sports, Science and Technology
(MEXT).

6. References

Kitoh, A., M. Hosaka, Y. Adachi and K. Kamiguchi,
2005: Future projections of precipitation
characteristics in East Asia simulated by the MRI
CGCM2. Adv. Atmos. Sci., 22, 467-478.

Mizuta, R., K. Oouchi, H. Yoshimura, A. Noda, K.
Katayama, S. Yukimoto, M. Hosaka, S.
Kusunoki, H. Kawai and M. Nakagawa, 2006:
20-km-mesh global climate simulations using
JMA-GSM model —mean climate states—. J.
Meteor. Soc. Japan, 84, 165-185.

New, M.G, M. Hulme and P.D. Jones, 1999:
Representing twentieth century space-time
climate variability. Part 1. Development of a
1961-90 mean monthly terrestrial climatology. J.
Climate, 12, 829-856.

Nohara, D., A. Kitoh, M. Hosaka and T. Oki, 2006:
Impact of climate change on river discharge
projected by multimodel ensemble. J.
Hydrometeor. 7, 1076-1089.

Yatagai, A., 2006: An analysis of observed
precipitation over the Fertile Crescent. Advance
Report of ICCAP, RIHN, 17-20.

Yukimoto, S., A. Noda, T. Uchiyama, S. Kusunoki
and A. Kitoh, 2006: Climate changes of the
twentieth  through  twenty-first  centuries
simulated by the MRI-CGCM2.3. Pap. Meteor.
Geophys., 56, 9-24.



	1-cover
	ICCAP Publication 10

	2-cover2
	ICCAP Publication 10
	The Final Report of ICCAP


	3-photos
	4-preface
	5-contents
	Climate Change and IPCC Assessments (Abstract)

	6-acronyms
	7-summary
	8-social_scenarios
	FinalReport_2.pdf
	1-climate_sg
	2-climate_yatagai
	3-climate_kitoh
	4-climate_kimura
	5-climate_iizumi

	FinalReport_3.pdf
	1-hydrology_sg_jp
	2-hydrology_sg_tk
	3-hydrology_fujinawa
	4-hydrology_tanaka
	5-hydrology_fujihara
	6-hydrology_simon

	FinalReport_4.pdf
	1-veg_sg
	2-veg_atik
	3-veg_sano
	1. Introduction
	Table 1 Stand characteristics of research plots in 2003
	Table 3 Species composition and dominance (BA %) of trees in each plot along elevation


	4-veg_ando
	5-livestock_okan

	FinalReport_5.pdf
	1-crop_sg
	2-crop_kobata
	3-crop_nakagawa
	4-crop_odani
	5-crop_takeuchi
	6-crop_yano1
	7-crop_yano2
	8-crop_haraguchi

	FinalReport_6.pdf
	1-irrigation_sg
	3.1 Soil
	3.2 Meteorological data
	3.4 Shallow water table data
	Fig. 3 Cropping pattern derived from Landsat image of August 2003. 
	3.5. Properties of irrigation and drainage facilities

	5.2 Monitoring of tertiary canals
	7. Field monitoring of salinity of soil and shallow water table in the coastal area 
	8. Generation of social scenario of the LSIP in the 2070s 
	8.1 General setting of the scenario


	2-irrigation_kume
	Balcali, Adana, TURKEY
	Adana, TURKEY

	3-irrigation_nagano
	Fig. 5 Cropping pattern derived from Landsat image of
	 August 2003. 

	4-irrigation_hoshikawa
	Keisuke HOSHIKAWA, Takanori NAGANO, Takashi KUME, 
	and Tsugihiro WATANABE
	Research Institute for Humanity and Nature
	457-4 Motoyama, Kamigamo, Kita-ku, Kyoto, 603-8047 JAPAN
	Soil water dynamics
	Irrigation and seepage from canals
	Drainage
	Fig.2. Concept and I/O of IMPAM
	Resolutions




	5-irrigation_umetsu
	Climate Change and Alternative Cropping Patterns in Lower Seyhan Irrigation Project: 
	A Regional Simulation Analysis with MRI-GCM and CSSR-GCM
	Seyhan Irrigation Project



	FinalReport_7.pdf
	1-socio_sg
	Acknowledgements

	2-socio_kusadokoro_maru
	3-socio_tsujii
	Global Warming Impacts to Rainfed Wheat and Barley in Adana and Konya in No EU Accession Case
	4. References


	4-socio_kusadokoro
	5-socio_maru
	Takeshi MARU
	Graduate School of Agriculture, Kyoto University

	6-socio_kagatsume
	7-socio-asami

	FinalReport_8.pdf
	1-israel_sg
	Abstract
	Reasearch objectives
	Effect of dew and relative humidity
	Effect of salinity 
	2.1 Objectives and Methodology
	3.2 Key Results

	2-jafari

	FinalReport_9.pdf
	1-members
	2-publications
	Papers reviewed (refereed)
	【Climate】
	【Hydrology】
	【Crop】
	【Vegetation】
	【Irrigation and Drainage】
	【Socio-Economic】
	【Turkey】
	【Israel】
	Paper not reviewed 

	【Climate】
	【Hydrology】
	【Crop】
	【Irrigation and Drainage】
	【Socio-Economic】
	【Turkey】
	【Israel】
	Book chapter

	【Climate】
	【Crop】
	【Irrigation and Drainage】
	【Socio-Economic】
	General report

	【Hydrology】
	【Irrigation】
	【Turkey】

	Other publications
	【Climate】
	【Hydrology】
	【Irrigation and Drainage】
	【Socio-Economic】
	【Turkey】


	3-ICCAP_publications
	4-back




