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ABSTRACT 
 
Climate change is a fundamental threat to global food security considering the 
complex role agriculture plays in social and economic systems. Therefore, changes in 
hydroclimate variables in face of climate variability and change should be analyzed 
for impact studies. This paper aims at determining the range of natural variability for a 
case study, Karoun river basin in the South Western Iran. Changes in both 
precipitation and temperature anomalies in face of future climate change under two 
scenarios of A2 and A1B are also studied based on sixteen General Circulation 
Model outputs. 1000 year control run of CGCM3 is used to study the range of natural 
variability at first step. Analysis suggests that with 95% probability,±40%variation in 
precipitation and ±0.62 degree Celsius in temperature can be considered as natural 
climate variability range of the region. These results are obtained based on plotting 
two-variant normal distributions of precipitation and temperature for five stations. 
Moreover, it has been expected that an increase beyond the range of internal 
variability is likely for future (2015-2044) projection of temperature anomalies with 
respect to 30-year base-line under A2 and A1B scenarios whereas changes in 
precipitation anomalies (in percent) are almost within the range of natural climate 
variability.Understanding regional climate variability and change are important for all 
sectors for planning and mangemnetproviding useful insights to policymakers for 
future adaptation strategies. 
 
Keywords: Precipitation & temperature anomalies, Climate Change, AOGCMs, 
Karoun basin- Iran. 
 

1. INTRODUCTION 
 
A recent challenge to the agricultural sector is the impact of climate change. 
Considering the complex role agriculture plays in rural and national social and 
economic systems, climate change is an immense threat to global food security, 
sustainable development and poverty eradication. Regional impacts of climate 
change have now been observed at more locations than before (IPCC, 2014). In 
order to define the necessity and degree of mitigation and adaptation, detection and 
attribution as well as climate change impact assessment studies are obviously vital 
for both policymakers and the public which should be placed in first priority before 
carrying out any other action.Studies of how climate change may likely affect 
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agriculture are best initially carried out by analyzing changes in precipitation and 
average temperature and subsequently crop yields. Extensive studies can be found 
on changes in precipitation and temperature in the global and regional scales. The 
results indicated changes in patterns of monthly and annual precipitation. A number 
of studies have also been conducted throughout Iran in recent years to detect trends 
in hydroclimate variables (Ebrahimi et al. 2005; Tabari et al. 2011a and 2011b; 
Azarakhshi et al. 2013; Massah Bavani et al. 2013). Fathian et al. (2015) identified 
trends in hydrological and climatic variables in Lake Urmia basin located in 
northeastern Iran. The analysis, based on non-parametric statistical tests, suggests 
significantly increased trends in temperature and area-specific trends in precipitation 
for 95 stations throughout the basin. 
 
In climate change studies, a key step is to attribute changes to anthropogenic 
greenhouse gas emissions. In spite of more reliable evidence, there is an immense 
gap/division/contrast between the knowledge regarding how certain parts of the world 
are being influenced by observed climate change (IPCC, 2014). The Karoun basin is 
considered one of the strategic water resources of the country. The potential impacts 
of climate change on this area might impose incalculable damage to water structures. 
Therefore, the aim is to analyze historic changes in climate variables (precipitation 
and temperature) while analyzing likely changes in their anomalies corresponding to 
natural climate variability. Changes in precipitation and temperature under future 
climate change scenarios will also be analyzed. The basic idea of this research 
comes from statistical analysis of the said data from a number of stations and the 
outputs from 15 coupled Atmosphere-Ocean General Circulation Models (AOGCMs).  
 

2. MATERIAL AND METHODES 
 
2.1  Case study: Karoun River Basin 

 
Karoun river basin is considered as the major water resource of the western Iran. The 
watershed area is about 38104 km2. The rapid agricultural and industrial development 
coupled with the expanding farming practices are the main characteristics of the basin 
over the last decade. Anthropogenic activities followed by climate variability and 
change have caused a tremendous adverse impact on its water quality and 
availability. A total number of 5 stations with available data from 1982-2011 are 
selected for this study. Figure 1 and Table 1 shows detailed information on the 
stations and their main characteristics. 
 

 
 

Figure 1. Location of the meteorological stations in the study area 
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Table 1.  General characteristics of the stations in the upstream Karoun river basin at 

the West Iran 
 

Station 
Elevation (m) 
from sea level 

Longitude Latitude 

ShahreKord 2048 50◦ 51′ 32◦ 17′ 

Monj- ShahreKord 1416 50◦ 38′ 31◦ 32′ 

Soulkan 2159 51◦ 14′ 31◦ 38′ 

Marqak 949 44◦ 36′ 38◦ 05′ 

Dazak Abad 2054 50◦ 96′ 32◦ 09′ 

 
 

2.2  Identifying internal climate variability range for precipitation and 
temperature 

The range of internal variability over a specific area can be anaylyzed based on a 
1000-year temperature and precipitation time series data from Coupled Global 
Climate Models. CGCM3 control run (Kim et al. 2002 & 2003) as it found to be 
sufficiently-well capturing regional climate over several parts of Iran (e.g.Goodarzi et 
al. 2014; Zohrabi et al. 2014). Equation (1) shows a two-variant normal distribution 
(Von Storch & Zwiers, 2002). Based on this equation a two-dimensional graph for 
temperature (horizontal axis) and precipitation (vertical axis) can be plotted showing 
the range of regional climate variability for both variables in anomalies. 
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whereT  (temperature anomaly; is the temperature difference from a base 

temperature (base period 1982-2011)) and P (precipitation anomaly; is the 
precipitation ratio difference from a base precipitation (base period 1982-2011) ) are 

and, T
 and P

are the standard deviations of temperature and precipitation, 
respectively and ρ is correlation between temperature and precipitation anomalies. 

2
is determined by 2 degree of freedom from Chi-squared. 

2.3 Changes in precipitation and temperature anomalies for future climate 
projections  

The output of 16 CMIP3 model projections of precipitation and temperature for the 
five stations are under A2 and A1B climate change projections from the fourth IPCC 
Assessment Report (AR4). Table 2.shows characteristics of the models. 
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Table 2.  General characteristics of 15 GCM simulation from CMIP3 used for this 
study 

 

Model 
Resolution 

Organization 
Atmosphere Ocean 

CGCM3.1 (T47) 1.9° x 1.9° (~2.8° x 2.8°) 
Canadian Centre for Climate 

Modelling and Analysis 

CNRM-CM3 0.5°–2° x 2° (~1.9° x 1.9°) 
Météo-France/Centre National de 

RecherchesMétéorologiques, France 

CSIRO-Mk3.0 0.8° x 1.9° (~1.9° x 1.9°) 

Commonwealth Scientific and 
Industrial Research Organisation 

(CSIRO) Atmospheric Research, 
Australia 

GFDL-CM2.0 0.3°–1.0° x 1.0° 2.0° x 2.5° 

U.S. Department of 

Commerce/National Oceanic and 
Atmospheric Administration 

(NOAA)/Geophysical Fluid Dynamics 
Laboratory (GFDL), USA 

GFDL-CM2.1 0.3°–1.0° x 1.0° 2.0° x 2.5° 

U.S. Department of 

Commerce/National Oceanic and 
Atmospheric Administration 

(NOAA)/Geophysical Fluid Dynamics 
Laboratory (GFDL), USA 

GISS-ER 4° x 5° 4° x 5° NASA/GISS, USA 

INM-CM3.0 2° x 2.5° 
4° x 5° 

 

Institute for Numerical Mathematics, 
Russia 

IPSL-CM4 2° x 2° 2.5° x 3.75° Institut Pierre Simon Laplace, France 

MIROC3.2 
(medres) 

0.5°–1.4° x 1.4° (~2.8° x 2.8°) 

Center for Climate System Research 
(University of Tokyo), National 

Institute for Environmental Studies, 
and Frontier Research Center for 

Global Change (JAMSTEC), Japan 

ECHO-G 0.5°–2.8° x 2.8° (~3.9° x 3.9°) 

Meteorological Institute of the 

University of Bonn, Meteorological 

Research Institute of the Korea 
Meteorological Administration (KMA), 

and Model and Data Group, 
Germany/Korea 

ECHAM5/MPI-
OM 

1.5° x 1.5° 

 
(~1.9° x 1.9°) 

Max Planck Institute for Meteorology, 
Germany 

MRI-CGCM2.3.2 
0.5°–2.0° x 2.5° 

 
(~2.8° x 2.8°) 

Meteorological Research Institute, 
Japan 

PCM 0.5°–0.7° x 1.1 (~2.8° x 2.8°) 
National Center for Atmospheric 

Research, USA 

CCSM3 
0.3°–1° x 1° 

 
(1.4° x 1.4°) 

National Center for Atmospheric 
Research, USA 

UKMO-HadCM3 1.25° x 1.25° 2.5° x 3.75° 
Hadley Centre for Climate Prediction 

and Research/Met Office, UK 

 

3. RESULTS 
 
Figure 2 shows the internal climate variability. According to this figure, it is extremely 
likely (95 % probability) that changes less than ± 40% for precipitation and ±0.62 
degree Celsius are considered as the internal variability of the climate system for the 
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upstream Karoun. Note that these range of changes are expressed with respect to 
a baseline period of 1982-2010. 

 

Figure 2.  Internal climate variability at the Western Iran -the upstream Karoun river 
basin- based on the control run of CGCM3 (with respect to 1982-2011): 
points out of the block elliptic are not considered as the internal climate 
variability  

Using observations and simulations of the upstream Karoun river basin with sixteen 
GCMs, the range of internal climate variability for precipitation and temperature 
anomalies (P′ and T′) are identified for both A2 and A1B climate change scenarios 
(2015-2044) with respect to (1982-2011) baseline period. Figure 3 shows two-
dimensional graphs for temperature and precipitation under A2 (right column) and 
A1B (left column) emission scenarios for 5 stations. It is observed that almost all 
models simulations shows between one to two degree Celsius increases in 
temperature anomalies, which is outside the internal climate variability of ±0.62 
degree obtained from 1000 year CGCM3 control run (Figure3). However, precipitation 
anomalies are within the ± 40% natural climate variability and cannot be attributed to 
external forcing for A2 and A1B climate change future emission scenarios with 
respect to the baseline. 
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 Figure 3.  Internal climate variability for precipitation and temperature anomalies for 
both A2 and A1B climate change scenarios (2015-2044) with respect to 
(1982-2011) baseline period. 

4. CONCLUSION 
 
This study aims at investigating the range of natural variability for a case study, 
Karoun river basin in the South Western Iran. The ranges in which changes in 
precipitation and temperature anomalies are likely to be considered as climate 
variability are determined based on a 1000 year control run of CGCM3. Moreover, it 
has been expected that an increase beyond the range of internal variability is likely for 
temperature anomalies under future projection of 2015-2044 (with respect to 30-year 
base-line) under A2 and A1B scenarios, however, changes in precipitation anomalies 
are almost within the range of natural climate variability. For future studies, we 
suggest that in addition to analyzing future projections of climate change for the case 
study, detection and attribution studies will also be conducted finally providing 
thresholds in which all sectors including water resources and agricultural systems are 
likely to be more vulnerable. Then, results can provide insights to policymakers for 
identifying the adaptation capacity of the water projects considering development 
projects. 
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