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4- General circulation model
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5- Data distribution centre (DDC) http://www.ipcc-
data.org/sim/gcm_monthly/AR5/Reference-
Archive.html

6- Intergovernmental panel on climate change (IPCC)
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1- Coupled model intercomparison project

2 Intergovernmental panel on climate change (IPCC)
3 Representative concentration pathway
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Figure 1- Gray area represents regions studied. Synoptic meteorological stations are shown with different symbols
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2- Equidistant cumulative distribution  function
matching (EDCDFm)
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Table 1- Characteristics of climate models (GCMs) and selected ensemble members of them
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M1 ACCESS 1.3 1.25 x 1.875 hist. r[1-3]i1p1, RCP8.5 rlilpl

M2 BCC-CSM1.1 2.791x2.813 hist. r[1-3]ilpl, RCP2.6 & RCP8.5 rlilpl

M3 BNU-ESM 2.791x2.813 rlilpl

M4 CanESM2 2.791x2.813 r[1-5]ilpl

CESM1- -

M5 CAMS 0.942x1.25 r[1-3Jilpl

M6 CMCC-CM 0.748x0.75 hist. & RCP8.5 rlilpl

M7 CNRM-CM5 1.401x1.406 hist. r[1-10]i1p1,RCP2.6 rlilpl, RCP8.5 r[1,2,4,6,10]ilp1

VE CS'RS_(')M'G' 1.865x1.875 r[1-10]i1p1

) hist. r[1,2,6,7,8,9,12,13,14]i1p1, RCP2.6 r[8,12]ilpl , RCP8.5

M9 EC-EARTH 1.121x1.125 [1,2.6,8,9,11,12,13]i1p1

M10 FIO-ESM 2.791x2.813 r[1-3]i1pl

M11 GFDL-CM3 20x25 hist.r[1-5]ilp1, RCP2.6 & RCP8.5 rlilpl

M12 GISS-E2-H 20x25 hist. r[1-6]i1pl, RCP2.6 & RCP8.5 rlilpl

M13 GISS-E2-R 20x25 hist. r[1-6]i1pl, RCP2.6 & RCP8.5 rlilpl

M14 HadGEM2-ES 1.25x1.875 r[1-4]ilpl

M15 IPSLI-VCI‘]I?VISA- 1.268x2.5 hist. r[1-3]ilpl, RCP2.6 & RCP8.5 rlilpl

M16 MIROCS 1.401x1.406 hist. r[1-5]i1pl, RCP2.6 & RCP8.5 r[1-3]ilpl

M17 MIROC-ESM 2.791x2.813 hist. r[1-3]ilpl, RCP2.6 & RCP8.5 rlilpl

M18 MPI-ESM-LR 1.865%1.875 r[1-3]ilpl

M19 MRI-CGCM3 1.121x1.125 hist. r[1-3]i1pl, RCP2.6 & RCP8.5 rlilpl

M20 CCSM4 0.942x1.25 r[1-6]i1pl

M21 NorESM1-M 1.895%x2.5 hist. r[1-3]i1pl, RCP2.6 & RCP8.5 rlilpl
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1- Mixed gamma distribution
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2- Average multiple ensemble (AME)
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1- Multi-Model ensembles (MME) mean
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Figure 2- Taylor diagram for monthly variable (a)- Average temperature before bias correction(b) - Average temperature
after bias correction, (c) - Precipitation before bias correction, (d) - Precipitation after bias correction, over the region based

on the historical period. GCM models and multimodel ensembles (All: Average of all GCM models, high-re: mean models
with high resolution, low-re: mean models with low resolution) are shown with different symbols
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Table 2- Skill Score (SS) of each model and multi-model ensemble for annual and monthly precipitation (Pr) and
temperature (T) over the region based on the historical period

Jue WYlw g0l p2 3 (Pr) (pd,l 9 (T) Lo (g2 &0 2,503
9 Skill Score for annual and monthly precipitation(Pr) and temperature (T)
o S Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Model and
multimodel A T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr T Pr
ensembles

Selected 2 3.26 0.65 0.34 0.57 0.26 0.66 0.18 0.60 -0.09 0.83 -0.17 0.87 0.17 0.89 0.11 0.90 0.25 0.87 0.21 0.82 -0.01 0.76 0.08 0.57 0.16 0.95 0.50
high-re 3.52 0.67 0.29 0.57 0.29 0.66 0.20 0.64 -0.14 0.83 -0.49 0.86 -0.12 0.89 0.13 0.89 0.20 0.88 0.17 0.81 -0.09 0.74 0.07 0.56 0.18 0.94 0.49
All 3.58 0.66 0.34 0.56 0.29 0.65 0.17 0.66 -0.11 0.84 -0.57 0.87 -0.25 0.89 0.16 0.90 0.22 0.87 0.21 0.81 -0.07 0.72 0.05 0.55 0.19 0.94 0.45
low-re 3.82 0.64 0.32 0.55 0.25 0.64 0.09 0.66 -0.15 0.84 -0.72 0.87 -0.50 0.89 0.17 0.90 0.21 0.86 0.19 0.79 -0.08 0.69 0.00 0.54 0.18 0.94 0.38
M8 411 0.63 0.26 0.38 0.15 0.45 -0.09 0.67 -0.23 0.72 -0.33 0.62 -0.04 0.85 -0.04 0.85 0.11 0.76 -0.15 0.53 -0.45 0.27 -0.02 0.24 0.13 0.93 0.41
M7 4.14 0.62 0.04 0.59 0.03 0.64 -0.01 0.23 -0.27 0.71 -0.71 0.84 -0.32 0.89 -0.02 0.88 0.09 0.75 0.27 0.67 -0.33 0.62 0.02 0.61 0.00 0.94 0.47
M15 436 0.53 -0.13 0.55 -0.77 0.51 -0.14 0.47 -0.24 0.75 -0.13 0.84 0.04 0.87 -0.15 0.87 0.14 0.78 0.11 0.73 -0.23 0.65 -0.18 0.53 -0.36 0.94 0.35
M9 437 062 -0.07 053 0.16 0.57 0.03 0.60 -0.88 0.67 -0.31 0.88 0.08 0.88 -0.09 0.89 0.06 0.86 -0.73 0.82 -0.11 0.77 -0.04 0.55 -0.19 0.94 0.49
M18 450 0.58 -0.22 0.54 -0.15 0.59 0.01 0.58 -0.60 0.75 -0.42 0.83 -0.37 0.82 -0.01 0.86 0.15 0.71 -0.09 0.61 -0.09 0.64 -0.12 0.42 -0.18 0.94 -0.29
M16 450 0.64 -0.26 0.52 0.10 0.60 -0.04 0.41 -0.94 0.82 -1.10 0.84 0.12 0.87 0.04 0.89 0.16 0.83 0.13 0.82 -0.23 0.76 0.07 0.57 -0.23 0.94 0.38
M14 460 0.62 0.01 0.50 -0.08 0.51 0.09 0.10 -0.47 0.47 -1.12 0.70 -0.27 0.83 -0.06 0.83 0.25 0.82 0.26 0.62 -0.51 0.51 -0.05 0.46 -0.20 0.94 0.42
M12 4,65 0.60 0.03 0.49 -0.07 0.47 -0.31 0.56 -0.42 0.73 -1.09 0.85 -0.09 0.84 -0.06 0.79 0.04 0.69 0.09 0.70 -0.76 0.66 0.03 0.43 -0.03 0.93 0.22
M2 476 0.65 0.10 0.53 -0.10 0.59 -0.06 0.52 -0.21 0.70 -0.45 0.82 -0.50 0.84 -0.07 0.83 0.12 0.81 -0.53 0.69 -1.17 0.59 -0.16 0.41 0.13 0.93 -0.02
M4 490 0.68 0.03 0.44 0.00 0.59 -0.22 0.68 -0.75 0.80 -1.65 0.73 -0.52 0.86 0.14 0.88 0.22 0.75 0.17 0.42 -0.24 0.53 0.07 0.61 -0.18 0.94 0.11
M20 5.07 0.65 0.07 0.53 -0.03 0.61 0.02 0.54 -0.27 0.80 -1.14 0.83 -0.13 0.89 -0.50 0.87 -0.69 0.85 -1.00 0.75 -0.61 0.69 -0.06 0.67 0.08 0.94 0.23
M21 5.84 0.56 -0.07 0.38 -0.01 0.60 0.01 0.55 -1.12 0.73 -2.23 0.73 -1.38 0.87 -0.11 0.86 0.08 0.78 0.04 0.58 -0.36 0.33 -0.11 0.49 -0.26 0.93 0.22
M19 5.86 0.59 0.14 0.58 0.11 0.58 -0.20 0.64 -0.28 0.77 -1.24 0.79 -3.11 0.86 0.02 0.87 0.14 0.84 0.05 0.67 -0.28 0.63 0.04 0.42 0.14 0.94 0.27
M10 597 0.59 0.05 0.50 -0.09 0.59 -0.11 0.44 -0.12 0.75 -1.13 0.75 -2.95 0.82 -0.29 0.75 -0.10 0.84 -0.10 0.69 -0.41 0.59 -0.18 0.48 -0.05 0.92 0.23
M5 6.03 0.59 -0.20 0.52 -0.05 0.54 -0.25 0.48 -0.68 0.72 -1.03 0.79 -0.48 0.86 -0.33 0.84 -2.42 0.82 -0.68 0.73 -0.45 0.68 -0.12 0.44 -0.06 0.92 0.11
M13 6.12 0.64 -0.32 0.57 -0.41 0.53 -0.43 0.59 -0.42 0.71 -1.55 0.84 -1.57 0.83 0.08 0.84 0.07 0.54 -0.08 0.64 -2.01 0.62 -0.01 0.46 -0.20 0.94 0.28
M6 6.47 0.46 -0.29 0.35 -0.62 0.24 -0.03 0.25 -1.05 0.48 -1.07 0.68 -1.47 0.71 -0.19 0.78 0.10 0.46 -0.30 0.37 -1.82 0.40 -0.47 0.24 0.06 0.86 -0.76
M17 6.91 0.59 -0.21 0.38 -0.13 0.36 -0.08 0.55 -2.05 0.75 -2.15 0.84 -0.07 0.82 -0.26 0.85 -1.01 0.81 -1.92 0.56 -0.25 0.58 -0.55 0.27 -0.54 0.92 0.10
M11 7.16 054 0.08 057 -0.14 0.59 0.21 0.34 -1.86 0.81 -2.09 0.84 -3.69 0.86 -0.16 0.86 0.22 0.75 0.17 0.77 -0.14 0.69 -0.32 0.59 -0.17 0.94 0.48
M3 7.77  0.42 -0.93 0.31 -0.76 0.33 -0.23 0.16 -0.88 0.49 -1.80 0.73 -3.11 0.78 -0.49 0.84 -0.32 0.70 -0.98 0.61 -0.71 0.54 -0.34 0.25 -0.36 0.90 -1.42
M1 9.63 0.8 -0.46 0.33 -0.28 0.46 0.01 0.53 -1.05 0.41 -3.55 0.49 -5.77 0.85 -1.64 0.82 0.17 0.55 0.16 0.23 -0.25 0.41 -0.22 0.54 -0.49 0.93 0.36

<l M14 4, M16 . M18 M9 M15 M7 M8 e Jss .S 5 Selected -a
a- Selected is multimodel ensembles of M8 M7 M15 M9 M18 . M16 , M14
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Figure 3- Box plot based on skill score (SS) for monthly and annual variable, (a) - (m) Precipitation, (n) - (z) Average
temperature, based on the output of 21 GCM models at each station. Whiskers at the bottom and top of each box show 10th
and 90th percentiles. The black and red circles represent the combination of all models (All) and Selected, respectively. Meang
and oss represent the mean and standard deviation of SS values for 21 GCMs over the stations, respectively. The stations are
arranged on a horizontal axis from the north to the south
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Figure 4- RMSE and the correlation coefficient between observed and multiple models values (All, high-re, low-re, Selected)
for the average annual precipitation and temperature for the stations over the historical period, (a) and (c) - temperature and
precipitation before bias correction, (b) and (d) - temperature and precipitation after bias correction. The stations are
arranged on a horizontal axis from the north to the south
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Introduction: Achieving sustainable practices of mitigation and adaptation to climate change requires
accurate projections of climate change in each region. In this regard, Coupled Model Inter-comparison Project
(CMIP) over the past 20 years has shown a good performance. Therefore, new CMIP5 climate models are
expected to be bases for many climate change studies. These models use a new set of emission scenarios called
Representative Concentration Pathway (RCP) to project climate change. Climate change is expected to impact
wheat production and food security in Iran. So far, no study has not been conducted to regionally project climate
change based on new CMIP5 models and RCP scenarios over the major wheat-producing areas in Iran. Our
objective was to evaluate the performance of CMIP5 climate models in simulating temperature and precipitation
in these areas. In addition, different combinations of climate models were evaluated to select appropriate models
in these areas.

Materials and Methods: According to the latest data, nearly 60% of rainfed wheat is produced within our
study area. The mean monthly temperature and precipitation data were provided by Meteorological Organization
of Iran for synoptic stations. Period of 1975-2005 was considered as a historical period (baseline period). We
evaluated outputs from 21 GCMs from CMIP5 climate models for monthly values of total precipitation and
mean surface air temperature. One in ten ensembles of each GCM model was evaluated as available. We used
model outputs for two emission scenarios i.e. RCP-2.6 and RCP-8.5, for the future periods of 2045-2065 and
2080-2100 to project temperature and precipitation changes. We assigned the models into two groups, high
resolution (models less than 2° latitude/longitude, high-re; 11 models) and low resolution (models greater than 2°
latitude/longitude, low-re, 10 models). Output GCM models were used for a grid in which recorded data are
available. We applied the equidistant quintile-based mapping method (EDCDF) to correct bias of monthly
precipitation and temperature simulated by models in the historical period (1975-2005) and, then in the future
periods. We also used the root mean square error (RMSE), the coefficient of correlation and the skill scores (SS)
to evaluate the model performance.

Result and Discussion: Average of all ensembles of an individual model outperformed the other ensembles
in simulating the historical climate. This superiority is largely caused by the cancellation of offsetting errors in
individual ensembles of a model, and also reduces the effects of natural internal climate variability in
simulations. Taylor diagram showed, contrary to a simulation of temperature, simulations of precipitation have
great variability than observations and the standard deviation of simulated precipitation values was less than that
of observations for most used models. The models simulated temperature much better than precipitation across
the region. Contrary to precipitation, the simulated temperature did not show a significant difference among the
models. Several combinations of models resulted in an improvement in precipitation and temperature
simulations. Therefore, a combination of models can be used in regional climate change assessment studies. The
models performance for simulating the historical climate was evaluated based on skill score (SS) and A (the
Euclidian distance from perfect skill, point (1, 1, 1, . . ., 1)). Many different combinations of 21 GCM models
were evaluated, which combination of 7 models as selected models yielded a lower A and higher skill scores. For
multimodal ensemble (MME) mean (All, high-re, low-re and Selected, models) A value was less than that for
individual models. SS values in the simulation of precipitation were more than -3 for 75% of models during the
high precipitation months. Uncertainty in the simulation of precipitation during the low precipitation months was
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more than that of high precipitation months and it was even much more in southern areas (especially in August
and September). Uncertainties in temperature and precipitation changes projections were affected by the
scenario, the time period and models selected. All models showed biases indicating the fact that direct use of
such models in climate change studies (without bias correction) is not recommendable. Although the use of
statistical methods for bias correction resulted in a significant reduction of nonsystematic biases, systematic
biases were not considerably influenced. Precipitation will increase in northern areas toward the end of the
century and a higher reduction in precipitation is anticipated in the southern areas. The average, long-term
(2080-2100) temperature increase was 5.5°C under RCP-8.5. Further, temperature increase will be greater in the
southern regions.

Conclusion: Performance of 21 GCMs from CMIP5 climate models were evaluated in major rainfed wheat-
production areas in Iran and temperature and precipitation changes were projected under RCP-2.6 and RCP-8.5.
Taking into account all GCM’s initial conditions (if they are available) leads to a better performance.
Simulations of models exhibited biases, so models output must be corrected before they can be used in regional
climate change assessment studies. Although bias correction resulted in a significant reduction of nonsystematic
biases, systematic biases were not significantly affected. The MME (All, high-re, low-re and Selected, models)
consistently outperformed individual models for both precipitation and temperature suggesting that a smaller
group of models can be used in regional climate change assessment. We recognized a subset of 21 models (7
selected models) based on performance that combination of them can provide the best performance and plausible
future projections.
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