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3- General Circulation Model (GCM)
4- Intergovermental Panel for Climate Change
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Figure 1- Predicted increase in mean annual temperature for year 2050 in different regions across the country using two
general circulation models. Vertical bars show SE within each region.
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Figure 2- Predicted decrease in mean annual precipitation for year 2050 in different regions across the country using two
general circulation models. Vertical bars show SE within each region.
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Figure 3- Current and predicted length of growing season for year 2050 in different regions across the country using GFDL
general circulation model. Vertical bars show SE within each region.
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Figure 4- Ambrothermic curves of Mashhad (left) and Tabriz (right) for current conditions and year 2050. Current trend are

calculated from long term means of temperature and precipitation data and for 2050 based on predictions of GFDL model.
Arrows show start and end of dry season.
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Figure 5- Current and predicted length of dry season for year 2050 in different regions across the country using GFDL
general circulation model. Vertical bars show SE within each region.



IWAF Gl oF o)los MW alor eyl pl (215 leslidgy 4 pitd  FOA

30 7

Increased dry season (days)

00,5 Joe dlawgds jouiS pad dblo (A g jd (Jrd byl i ) Comd (600 Yo 00 Jlu 40 SUid Juad Jgb i o yiiey (i) 381 =1 JSUS

GFDL Il
Figure 6- Predicted increase in the length of dry season for year 2050 compare to current conditions in the main rainfed
production regions of the country, changes were predicted using GFDL model.

Ol 5 Ske Al e bl 5 ey (sbrole 4y bigyye ol odas Gk w gaes ad il

298 55 0 9 (B35 ot gz e Jladd ) )3 09l 35 9 piS Ll ) dgitio 05l 555 5y diljo, yolie V JSS ,

29y 3148 3,5 25l 20)3 VE 5 YA AA XY Y+ Joeo i ey VY oama gl gl asledd duglie (eoMee Yoo Jlo b L
2l Cons lod (133l (gl 00 iy Lo 4 sl Lod il 1 5 8Vl )y taljdl do >

= 129 Cument —— 2050 ——
g
10 A
i
8 &
E 64
=3
B 4
[3=]
=
B 21
[l
]
E 0 T T T T T T T T T T T T

1 31 61 91 121 151 181 211 241 271 301 331 36l
Day of vear

2% GFDL (cogos (153,5 Jao dlawgds 03w (S by (§3Wuo Yo 00 Jlo g (Jad byl )3 sgubuo 098y (3,85 9 jued gy p3lio -V JSUS
el o 4385 a3 3 Jab byl b sl e, SSTas g Bl (5lod 5y conlBl (5l it S Y+ 0 Jlus (51t 5555 el dunlne
Sl (600 Jlur (Wb jg, o 031> (pinlod 039y 0 S oo (1Sl L ygrody gl Wil pudS Mg,y (i (aSwine Cps
Figure 7- Daily values of potential evapotranspiration (PET) of Mashhad under current conditions and year 2050 predicted

using GFDL model. for calculating PET in 2050 all climatic variables besides max and min daily temperatures were assumed
the same as current conditions. The results are presented as 5-day moving average, days of year are Julian.
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using GFDL general circulation model. Vertical bars show SE within each region.
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Introduction

Future climate change may affect agricultural production through changes in both mean and variability of
climatic conditions which in turn could affect crop growth and development. Results of many studies have
shown that crop production systems of dry regions are more vulnerable to the predicted climate changes (5) and
these impacts are mainly due to the effects of increased temperature on agro-climatic variables (4). During the
last decade future changes in agro-climatic variables such as growth degree days, length of growth period and
duration of dry season have been studied at regional or national scale with different results depending on studied
location (1, 6). However, such information are not available for Iran. In this study different agro-climatic indices
of Iran across the country are calculated for the target year 2050 based on business as usual scenario and the
results are compared with the current conditions.

Materials and Methods

Long term climatic data (1965-2005) of 34 stations covering different climates across the country were used
as the baseline for predicting future climate as well as current conditions. Two general circulation models (GISS
and GFDL) were used for prediction of climatic variables in the selected stations for the year 2050 based on
business as usual (A;f) scenario of CERES family (2) and the results were statistically downscaled for higher
resolution (Koocheki et al., 2006). Daily temperatures (minimum, maximum and mean) and precipitation were
generated from the predicted monthly values. Several agro-climatic indices including potential
evapotranspiration, length of growing season (time period between the last spring frost and the first autumn
frost), length of dry season (time period where evapotranspiration exceeds precipitation which obtained from
ombrothermic curve), and precipitation deficiency index (sum of differences between evapotranspiration and
precipitation) were calculated based on daily temperature and precipitation. Same indices were also calculated
for the current climatic conditions and the results were compared with that of future.

Results and Discussion

The results indicated that mean annual temperature for different regions of the country would increase
between 3.5-4.5°C. However, increased temperature predicted by GISS model was larger than GFDL model.
This increase is significantly higher than average global temperature rise of 1.6-2.5 °C predicted for 2050 under
business as usual scenario (2). Annual precipitation would decrease in the range of 7 to 15% by the target year
2050 furthermore both temperature rise and decreased precipitation showed a North-South and West-East
gradient.

Future temperature rise will led to a longer growing season because of increased frost-free days. The results
indicated that extended growth period is mainly due to delayed autumn frost and the highest increase in growing
period of 33 days was predicted for the most Northern part of the country. However, lower precipitation results
to a higher length of dry season ranging from 20 days at East up to 30 days in the South regions of the country.
Extended dry period would lead to unfavorable conditions for rainfed cropping systems due to rapid depletion of
soil moisture before crop maturity. Annual increase of potential evapotranspiration (PET) by 18-32% follows the
same spatial direction as was predicted for temperature rise with the highest increase for South regions. As a
result, precipitation deficiency index, which is the sum of differences between rainfall and PET, will increase
drastically over the country, mostly due to increased PET or due to an increase in PET. While all of the studied
agro-climatic variables would be affected by the future climate changes, our results showed that the highest
overall negative effects would be appeared respectively, in the South, East, and central parts of the country while
the North and Eastern regions will experience less vulnerability.
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Conclusions
Agricultural production systems of Iran will be faced with new climatic conditions affecting crop growth and
development. The results of this research indicated the future changes of main agro-climatic variables. Prediction

of these changes effects on crop productivity at national level could be helpful for designing adaptation
strategies.

Keywords: Evapotranspiration, Global warming, Length of dry season, Length of growing period,
Precipitation deficiency index



