
37

J. Environ. Res. Develop.
Journal  of  Environmental  Research  And  Development                    Vol. 7 No. 1, July-September  2012

INTRODUCTION
Climate indexes are function in which two or more
climate variables are used and the kind of an area
climate is achieved by the calculated amount.
IPCCs preliminary investigations indicate changes
in climate parameters such as temperature,
precipitation, snow covering and sea levels1.
Different researches indicate the effects of
greenhouse gases increase on the climate of the
earth. The main effect of this increase is on the
earth atmosphere temperature which is called
Global Warming.2 The effect is not only on the
temperature, but also on the other climate
variables such as precipitation, evapotranspiration
and solar radiation, which causes climate change.
Regarding the fact that small changes in climate
variables can cause considerable changes in water
resources operation, studying these changes is of
a high significance.1
The fourth evaluation report of AR4 was created
according to a huge set of data about future
climate change projects by 18 modeling universal
groups and climate experiences were run in
several global climate models (GCMs), and
different scenarios.3-6

Using downscaling models, GCM outputs can be
changed into surface variables in the scale of the
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basin under study7. There are different methods
for creating local climate scenarios from GCM
climate scenarios. The present study make use
of SDSM downscaling model.
SDSM was created as a tool for downscaling
statistically by Wilby et al.7 The base of the model
is a linear multiple regression and is used to predict
the climate parameters such as precipitation and
temperature in longtime regarding climate large
scale signals. In classifying different downscaling
models, statistical downscaling model is one of
the best models.7,8 In this model, a linear multiple
regression is created between the large scale
predictor variables (independent variables) and the
predictant variables (precipitation or temperature)
as dependent variables for each month of the
year. Suitable large scale predictors are selected
by correlation analyses between the predictor
variables and partial correlation in the area under
study.9 The prediction of climate change model was
carried out according to two scenarios, A2 and B2,
among the presented scenarios in SRES.10

In studying climate problems, the two elements
temperature and precipitation are of a special
significance climate parameters in some climate
indexes are functions of temperature and
precipitation conditions. The present study
investigates some climate indexe in future time*Author for correspondence
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periods based on different scenarios of climate
change model HadCM3.
Wilby et al.7 presented the first version of SDSM
for downscaling statistically. Khan et al.11,12

evaluated the observed uncertainty in downscaled
daily precipitation and minimum and maximum
temperature results which were received by three
downscaling models called SDSM, Lars-WG and
synthetic neural network. The results of
uncertainty evaluation indicates that SDSM can
have different statistical characteristics at 95%
confidence level in observed data in downscaled
amounts more than other models. Rajabi et al.13

evaluated two downscaling models, Lars-WG and
SDSM for downscaling daily climate data in
Kermanshah west of Iran. Based on evaluating
the downscaled precipitation, minimum and
maximum temperature data, both models were
create almost all of statistical characteristics of
observed data at 95% confidence level in
downscaled data. But totally Lars-WG is a better
downscaling model than SDSM based on the data
of the area. SDSM is able to create the statistical
characteristics of observed data in downscaled
results.
Baltas14 evaluated the spatial distribution of four
climate indexes: Johansson Continentality Index
(J.C.I), Kerner Oceanity Index (K.O.I.), De
Martonne Aridity Index (D.M.I.) and Pinna
Combinative Index (P.C.I.) in north of Greece14.
Deniz et al.15 made use of these four climate
indexes as suitable diagnostic tools to describe
climate conditions in Turkey. These indexes were
calculated based on 229 meteorological stations
in Turkey in two time periods : 1960-1990 and
1991-2006 using monthly precipitation and
temperature data. The results indicate that semi-
arid areas in 1991-2006 were increased than the
ones in 1960-1990.

MATERIAL    AND   METHODS
Data
There are 10 synoptic stations in the area under
study. Due to the fact that circulation scenarios
calculated the climate parameters of the base
period in 1960-2006, the usable data belongs to the
stations which possess daily data in the mentioned
time periods. The only station which possess
enough data in the period is Kermanshah synoptic
station which is considered as the index station.

SDSM scholastic downscaling model
SDSM is a statistical weather generator which is
used to simulate climate data in a given station under
current and future conditions affected by climate
change. Its data is in the form of daily time series
for some climate variables such as precipitation
(mm), minimum and maximum temperature (°C)
and other climate parameters. In the process of
downscaling in this model, a linear multiple
regression developes among a limited number of
large scale predictor variables and predictants at
local scale like precipitation and temperature. The
parameters of regression model are estimated by
dual simplex algorithm. Suitable large scale
predictors are selected by using correlation analyses
and partial correlation between predictors and
predictants in the area under study.9

IPCC4 climate change scenarios
In IPCC4’s evaluation report which was
publicated in 2007, different global circulation
models are presented for most of the climate
prediction models which were run in research
centers of different countries. There are SRES
different circulation scenarios such as B2 and
A2.10 The present study makes use of HadCM3
global circulation model.
Johansson Continentality Index (J.C.I.)
This index is used for climate classification of
continental and oceanic climates. This index is
calculated using the following equation :

4.20
sin

7.1


f
EK                              (1)

In which E is the difference between the maximum
and minimum monthly temperature in °C and f is
the latitude of station. There are some other
methods to determine the climate continental
index of a region. But the mentioned equation has
the most applicable in many studies.16,17

If K is between 0 and 33, the area has a marine
climate, if it is between 34 and 66, the climate is
continental and if it is between 67 and 100, it is
highly continental.
Kerner Oceanity Index (K.O.I.)
This index is created upon the fact that in the
marine climate the spring months are colder than
fall months18
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In which To and Ta are the monthly temperature
of October and April respectively and E is the
difference between the maximum and minimum
monthly temperature in °C. The negative and low
values of the index present continental climate
and its higher values present oceanic climate.
Specifically, the present study consider the values
higher than 10 as oceanic climates.
De Martonne Aridity Index (D.M.I.)
De Martonne index is an aridity-humidity index
and is used just regionally. The aridity value of a

Table 1 : De Martonne climate index classification

region is calculated by the following equation
based on De Martonne’s suggestion19

10


T
PIDM  (3)

In which P is the yearly precipitation mean and T
is the yearly temperature mean. An increase in
IDM value while the temperature is fixed indicates
an increase in precipitation. Climate classification
based on De Martonne Index values is presented
in Table 1.

Climate Values of IDM Values of P(mm)

Dry IDM < 10 P <200

Semi-dry 10  IDM  20 200  P <400

Mediterranean 20  IDM < 24 400  P <500

Semi-humid 24  IDM < 28 500  P <600

Humid 28  IDM < 35 600 P <700

Very humid 35  IDM   55 700  P <800

The amount of De Martonne monthly aridity
index is calculated as follows

10
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In which P is the monthly precipitation mean
and T is the monthly temperature mean. When
De Martonne monthly index is lower than 20,
the lands need irrigation in that month.
Pinna Combinative Index (P.C.I.)
Pinna presented a combinative index as follows:
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In which P and T are yearly precipitation and
temperature means,  and Pd  and T d a re
precipitation and temperature means in the
driest month. This index defines the areas and
seasons which need irrigation regarding the
precipitation and temperature of the driest
month. If the index value is lower than 10 the
climate is classified as arid and if it is between
10 and 20 the climate is  cla ssified as
Mediterranean semi-dry.14

RESULTS    AND   DISCUSSION
The daily precipitation and maximum and
minimum temperature data of Kermanshah
(Iran) synoptic station in 1961-2006 time period
was used in order to carry out the present study.
SDSM input files were produced and the
downscaled data of the three parameters were
simulated for a 90 year period (2011-2099).
The effect of climate change on weather
parameters
As it was mentioned before, the present study
investigates the effects of different scenarios of
SDSM in Kermanshah. The global circulation
model used is HadCM3. The weather parameters
are estimated by A2 and B2 scenarios in future
time periods as following :
1. The first time period : (2011-2039)
2. The second time period : (2040-2069)
3. The third time period : (2070-2099)
The results of estimated weather parameters in
different scenarios are presented in (Tables 2 to
Table 4). Their changes compared with the
base period are presented in (Tables 5 and
Table  6).
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In the first time period in B2 scenario the
precipitation amount will increase about 51.5%
and 54% in A2 scenario. In the second time period
the yearly precipitation amount will have 54.1%
increase in B2 and 51.3% increase in A2. Finally
in the third time period the yearly precipitation
amount will have 44.3% increase in B2 and 34.3%
increase in A2.
In the first time period the increase in temperature
in both scenarios are the same. The maximum
yearly temperature will increase 1.7 °C and the

minimum yearly temperature will increase 0.2 °C
in both scenarios. This fact indicates that the policies
and plans will not have a considerable effect in the
first time period. But in the second and third time
period the temperature increase in B2 will be less
than A2 scenario, and the temperature difference
in this scenario will be more considerable in the
third time period. Therefore, the results of these
plans and policies can be observed. Regarding the
local plans, the temperature increase in B2 scenario
is less than A2.

Table 2 : Observed and estimated maximum monthly temperature means in future time
periods of different scenarios (°C)

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec   Annual

      A2

1961-2006 6.9 9.2 14.3 20.1 26.1 33.6 38.0 37.4 32.7 25.2 16.9 10.1 22.5

2011-2039 9.6 11.4 15.4 20.1 26.0 34.5 40.8 38.5 34.1 28.5 19.2 13.4 24.3

2040-2069 11.9 12.3 16.7 21.5 27.9 37.4 43.2 41.1 36.1 30.4 21.1 14.8 26.2

2070-2099 14.0 15.4 19.4 25.0 31.9 41.0 46.8 44.3 38.9 32.5 23.4 17.4 29.2

      B2                  

1961-2006 6.9 9.2 14.3 20.1 26.1 33.6 38.0 37.4 32.7 25.2 16.9 10.1 22.5

2011-2039 10.6 10.7 15.4 20.5 26.2 35.5 41.0 39.1 34.1 28.0 19.0 13.5 24.5

2040-2069 11.6 12.5 16.9 21.0 27.7 36.6 42.4 41.1 35.0 29.6 20.3 14.8 25.8

2070-2099 13.3 13.4 17.9 22.6 29.1 38.5 44.1 42.2 37.2 30.9 21.6 15.7 27.2

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec    Annual
     A2

1961-2006 -3.5 -3.2 0.5 4.6 8.0 11.3 15.9 16.3 11.7 7.2 2.8 -0.9 5.9

2011-2039 -3.5 -0.5 2.8 5.2 7.8 12.1 15.6 15.2 11.6 7.4 1.0 -1.9 6.1

2040-2069 -2.1 0.2 3.4 6.1 8.9 13.2 16.8 16.8 12.4 8.1 1.3 -1.6 7.0

2070-2099 -1.1 1.0 4.9 7.6 10.8 15.1 18.4 18.3 14.3 9.5 2.9 -0.1 8.5

    B2                         

1961-2006 -3.5 -3.2 0.5 4.6 8.0 11.3 15.9 16.3 11.7 7.2 2.8 -0.9 5.9

2011-2039 -2.6 -0.8 2.8 5.5 8.1 12.3 15.8 15.6 11.5 7.0 0.2 -2.2 6.1

2040-2069 -2.5 -0.1 3.7 5.8 8.8 12.9 16.7 16.7 12.0 7.6 1.2 -1.5 6.8

2070-2099 -1.3 1.0 4.2 6.5 9.4 13.7 17.5 17.2 13.2 8.4 1.8 -1.2 7.5

Table 3 : Observed and estimated minimum monthly temperature means in future time
periods of different scenarios (°C)
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  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

     A2
1961-2006 68.7 54.2 87.6 64.5 42.6 1.9 0.4 0.6 0.7 24.3 51.2 65.5 462.3

2011-2039 97.2 95.2 121.9 86.3 26.0 1.3 0.4 0.0 0.4 36.2 111.4 135.6 712.0

2040-2069 118.2 98.4 121.7 76.4 27.5 1.2 0.3 0.1 2.3 43.2 100.6 109.6 699.6

2070-2099 101.3 81.1 106.9 59.4 22.4 1.0 0.4 0.0 3.5 32.7 101.0 111.0 620.8

      B2                          

1961-2006 68.7 54.2 87.6 64.5 42.6 1.9 0.4 0.6 0.7 24.3 51.2 65.5 462.3

2011-2039 90.8 100.8 105.4 83.5 78.1 52.7 24.4 9.3 4.7 25.0 45.4 80.3 700.3

2040-2069 107.7 103.0 114.3 87.2 26.8 0.7 0.2 0.0 1.4 35.9 119.0 116.0 712.4

2070-2099 116.6 92.9 116.0 80.2 26.0 1.4 0.5 0.0 1.1 35.7 96.3 100.8 667.3

Table 4 : Observed and estimated monthly precipitation means in future time periods of
different scenarios (mm)

Time periods   C A2 B2
   2011-2039 Change (mm) 249.6 238

Percentage 54 51.5
   2040-2069 Change (mm) 237.3 250.0

Percentage 51.3 54.1
   2070-2099 Change (mm) 158.4 205

Percentage 34.3 44.3

Table 5 : Yearly precipitation changes in
different time periods compared

with the base period

Table 6 : Minimum and maximum yearly temperature changes in different time periods
compared with the base period (°C)

Time periods Maximum temperature Minimum temperature

A2 B2 A2 B2

2011-2039 1.8 1.9 0.2 0.2

2040-2069 3.7 3.3 1.1 0.9

2070-2099 6.6 4.7 2.6 1.6

three time periods, 2011-2039, 2040-2069 and
2070-2099, and for two scenario, A2 and B2 were
calculated and its results are presented in Fig.1.
Johansson Continentality Index is 29.76 in the base
time period and it has a marine climate. The index
will increase gradually in the next time period and
the area climate will be continental. Johansson
Continentality Index increase is more in A2 than
B2 scenario.
Kerner Oceanity Index will be more than 10 in all
time periods and scenarios. Accordingly the
climate of the area is oceanic. This index is 23.02
in the base time period and will have a relative
increase in the first time period in A2 scenario.
But in the second time period the index will remain
fixed in A2 scenario in comparison with the first
period. In the third time period also the index will
decrease and be the same as the base time period
while this index will increase in the first and second
time periods in B2 scenario but will decrease in
the third time period.

Climate indexes estimate in future time
periods
Regarding the precipitation and monthly
temperature mean amounts which were
calculated for future time periods, Johansson
Continentality Index, Kerner Oceanity Index, De
Martonne Aridity Index and Pinna Combinative
Index in the base time period (observed) and the
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J.C.l. K.O.l.

D.M.l. P.C.l.

Fig. 1 : Climate indexe changes in different time periods and scenarios
De Martonne Aridity Index will increase
considerably in the first time period in both
scenarios, which is more in A2 than B2 scenario.
This index will remain fixed in the second time
period. But in the third time period, it will decrease
which is also more in A2 than B2 scenario.
Therefore in both scenarios the area climate will
change from semi-arid in the base time period to
semi-wet in the first and second time periods. In
the third time period, the area climate in A2
scenario will be semi-arid again but it will be
Mediterranean in B2 scenario.
Pinna Combinative Index, also, will be semi-arid
in the base time period but it will be arid in the

first and second time periods. But the climate will
be Mediterranean in the first and second time
periods, and it will change in to an arid climate,
again, in the third time period in A2.

CONCLUSION
The present study investigates the effects of
climate change on climate indexe in future time
periods in Kermanshah in West of Iran. The daily
precipitation and maximum and minimum
temperature were downscaled making use of
SDSM downscaling model. Then these weather
data were estimated according to HadCM3 global
circulation model, and with A2 and B2 scenarios,
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and in three time periods, 2011-2039, 2040-2069
and 2070-2099. Precipitation change will not have
specific regularity in both scenarios. The
maximum and minimum daily temperature will
increase in both scenarios in future time periods.
The climate indexes used in the study include
Johansson Continentality Index Kerner Oceanity
Index, De Martonne Aridity Index and Pinna
Combinative Index.
According to Johansson Continentality Index the
area will have marine climate and the climate will
be continental in future time periods due to the
increase in this index. The climate of the area will
be continental according to Kerner Oceanic Index.
The increase of this index in the first and second
time periods indicates the fact that the climate of
the area will get oceanic in future. The climate of
Kermanshah, Iran will be semi-arid. Regarding the
increasing trend of this index in the first and second
time periods according to this index also the area
climate will be semi-wet and it will be semi-arid in
the third time period in A2 scenario.
Pinna Combinative Index will be the same as De
Martonne Aridity Index when comparing the time
periods and scenarios. The comparison of the
scenarios indicates that in B2 scenario the process
of climate’s getting drier will be slower than the
other scenario, and it is faster in A2 scenario
which is consistent with these scenarios
hypotheses.
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