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Abstract

Surveys show that rate of emission greenhouse gases has increased considerably in recent decades. Increasing
these gases in earth‘s atmosphere leads to changes in climatic parameters of earth. By using variety of simulated
models of meteorological variants in general frame of weather generators during recent decades, it is necessary to
apply these changes in simulated series. In this study, using statistical down —scale for periods of 2011-2039 by
using statistical model of LARSE-WG daily data of temperature rain and radiation and its results were considered
on synoptic station of zayanderoud basin. Results show that changes in climatic parameters will be existed during
survey period in the way that temperature mean among studied stations will increase between 1/7 centigrade and

2/9 centigrade and raining rate will be decreased.
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Introduction

Climate is a complex system which is changing mainly
because of increasing greenhouse gases. Climatic
change is gradually spreading all over the earth and
its impact on water resources, agriculture and
climatic parameters are in region-scale. Different
factors lead to disturb the static of temporal series of
climatic variants of one region that finding these
factors can help climatic survey of region in future
periods. Parts of these factors related to interaction
between system components of earth climate such as
AMO, PDO and ENSO that leads to interior
oscillations in temporal series of climatic region
variants (Hegerl et al, 2007) .Zayanderoud River is
one of the greatest Iran Rivers which provide main
water in center of Iran. Every change in climate effect
on hydrology elements. Runoff and giving water to
rivers, subterranean water, intensity of torrent and
dryness are effective on rainfall and temperature that
are the most important climatic element. These
changes could have important agriculture, economic,
social and political effects. We can minimize its miss-
effects with informing events of these changes
especially in future decades and suitable planning.
Various researches have done especially temperature
and rainfall changes in different regions of Iran and
the world including: (Wibly et al 2001), SDSM was
invented for micro-scale of rainfall and temperature
by using statistical methods. (harmel et al 2002)
model minimum and maximum temperature of
African meteorological stations in research institute
statistical

of American by using

studies ability of

agriculture
methods.MC (Kague,
CLIMGEN model for simulating meteorological

2003)

parameters.

(Semenov and Barrow 2002) studied data simulation
by using LARSE-WG model in England. (Babaeian
and Kwon 2004) evaluate climatic changes of south-
Korea by using LARSE-WG model from 2010 to
2039.This study was done over climatic parameters of
rainfall, radiation, min and max temperature, and
period of dry and wet days, hot and glacial period and

changes’ process of rainfall in synoptic station of

South Korea. Model results show that very good
ability of LARSE-WG model for min and max
temperature model and their standard deviation in
statistical period and using for climatic change in
future decades. (Alshamy et al 2005) studied
hydrology effects of climate change by atmosphere
GCM models and small model of analogue scale in
south of England. This research aims at clarifying
process of climatic parameters during future decades
in Zayanderoud basin by noticing at changing
greenhouse gases by using this model. It is tried to
survey many models of climate change with different
emission scenarios. We could find the most
appropriate model and scenario for predicting future
climate. Introducing studied region and data Present
study is about synoptic stations located at
Zayanderoud branches in Chaharmahal and Bakhtiari
and Isfahan province because it is necessary for doing
this research of long-term statistics of temperature,
rainfall and radiation, among region stations of two
Koohrang and Daran stations, they have acceptable
statistic (20 years) and includes all necessary
parameters and they are chosen and its data were
received from meteorology organization. Existence of
various and high mountains leads to considerable
rainfall for snow and rain, low temperature and
evaporation and it makes this region one of the most

important regions of country due to water resources.

Method of working

Model introduction

General circulation models can provide the best
information with atmosphere response to focus on
increasing greenhouse gases (Darcup, 2005).Now, the
most  valid tool is atmosphere-ocean general
circulation model(AOGM) for producing climatic
scenarios (Wibly and Harris,2006).These models
depend on basis of physical values which are
presented by mathematic relations. In order to
simulate earth climate, main climatic processes
(atmosphere, ocean, earth surface, crust of ice and
biosphere) in separated secondary models are
coupled and they form models of AOGCM. These

models are performed in different centers which some
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of them include: CSIRO-MK2 model in CSIRO
research center of Australia, HADCM3 and HADCM2
models in HCCPR research center in England,
CGCM1 and CGCM2 models in CCMA center in
Canada, GFDL-R15 model in GFDL center in
America, IPCM4 in France, INCM3 in Russia and
CCSR and NIES models in Japan are done in center

with the same name (IPCC, 1996).

Important inputs of AOGCM models are amount of
emission greenhouse gases in future periods. IPCC
already presented different scenarios that SRES is the
newest one. Each one of sub-SRES scenarios are

related to one of Bz, By, A2, and A1 groups.

In A; family, emphasis is on rapid economic growth
and population growth to middle of century and then
it's reducing and introducing new and efficient
technologies.  Family of Aiscenario divides
development into 3 groups for changing technology in
energy system which includes fossil energy
(AsF1),non-fossil energy resources (A:T) and balance
in all resources(A:B).Generally, It can be said that
scenarios of A family have pessimistic scenarios and
scenarios of B family have optimistic scenarios and
AB scenarios have middle station. In this research, we
compare 3 atmosphere general circulation models

(INCM3, IPCM 4 and HADCM3).

By using B1i, A2 and A:B emission scenarios are
considered future climate of region to determine the
best atmosphere-general circulation model and

emission scenario for region.

Data of this research include daily data of min
temperature, max temperature, rainfall and radiation

of studied station from establishing time to 2010.

Downscaling

For using data of atmosphere general circulation
patterns over these patterns, making time and place
be downscaling, should be applied to change data
from all sphere scale to studied location scale and in

time scale of monthly, daily and less than day.

Despite of considerable increasing of accuracy of
atmosphere GCM, none of these models are able to
predict in micro-scale and meteorologic stations. For
this reason, different dynamic and statistical models
are invented for simulating and changing micro-scale
of GCM models that are able to model output of
numerical models to the extent of station. Scale
LARSE-WG model is one of the most famous
generator model of stochastic weather data that is
used for producing daily data of rainfall, radiation,
min and max temperature of one station are applied
under present and future climate conditions ( Semnov

and Barrow,2002).

LARSE-WG model is a statistical model that doesn’t
have the identity of predictable models but is able to
produce a series of meteorological data with statistical
features similar to climatic period (Rasco et al, 1991).

These models consist of 3 main parts including
calibration, assessment and making meteorological

data.

Accuracy of measuring model

Accurate calibration and accuracy of measuring
model is of high importance in every model.
Calibration of LARSE-WG model is applied by using
long-term statistics of studied region stations and its
comparison with produced data of model in this

period.

It needs at least 15 years of observation data of that
station for estimating process of climate change of
one station by LARSE-WG model. So data of Daran
and Koohrang stations are chosen from establishing
time to now and are evaluated over 4 parameters, min
and max of daily temperature, rainfall and radiation,
accurate measuring of model, in order to calibrate
and accurate measuring of model, at first a scenario
of basis station is compiled for statistical period of

1989-2010.

Model is performed for this period. Then, model
output includes min and max temperature, rainfall,

radiation and standard deviation are compared with
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data of statistical period, produced data by model by
using statistical exams and comparison diagrams and
analyzing obtained results from exit T statistical
exams. There aren’t significance exams between
model amounts and real amounts with 05/0 crisis
error. Pearson correlation amount is also acceptable
between modeling data and real data in o1/0
significant level. For comparison, results of scouting
and model in synoptic stations are surveyed and
diagrams were designed for different parameters,
ability of LARSE-WG model is acceptable in modeling
min and max temperature, radiation of Koohrang and
Daran stations and has complete concordance with
real data. Deficiencies are seen in model ability in
modeling rainfall of Koohrang station in November,
January and February that its most amounts is
related to February in which are scouted less than
amount in November. February and December and

January have amount of scouted amounts.

In rest of months, there are approximately acceptable

coincidences.

Rainfall of Daran station has deficiency in November,
December, January, February and March and has

acceptable coincidence in rest of months.

Discussion and results
GTM model can provide the best information with
atmosphere response to increasing greenhouse gases’

focus (Dracup, 2005).

In this research, by using exit of GCM models under

emission.

Scenario of B1, A2 and A1B of province climate
evaluated. As seen in shapes 1 to 6, rainfall and
observed temperature of stations are compared with
rainfall and produced temperature by LARSE-WG
under GCM models (3 models of HADCM3, INCM3,
and IPCM4) and different scenarios of emission.

For better conclusion, weight of each model is
determined and finally mean of all models are

determined with each weight.

Table 1.Weight of different models for producing future rainfall.

HAD- HAD- AD-B1 INCM3- INCM3-A2 INCM3- IPCM4- IPCM4- IPCM4-
A1B A2 A1B B1 A1B A2 B1
Weight of Koohrang station 0/128 0/125 0/131 0/104 0/104 104/0 0/1 0/1 0/1
Weight of Daran station 0/165 0/575 0/1 0/029 o0/03 0/03 0/023 0/023 0/024
Table 2. Weight of different models for producing future temperature.
HAD- HAD- HAD- INCM3- INCM3- INCM3-Bi1 IPCMg- IPCM4-  IPCM4-
A1B A2 B1 A1B A2 A1B A2 B1
Weight of 0/082 0/081 0/079 0/193 0/182 0/192 0/062 0/063 0/062
Koohrang station
Weight of Daran 0/067 0/065 0/066  0/225 0/203 0/223 0/049 0/049 0/048

station

Interference (Ensemble)

Noticing at standard deviation of produced data was
less than standard deviation of observed data,
standard deviation of produced data are rebuilt
(Inflait). Most studies in this field in Iran and
especially Zayanderoud basin are studies that one
climatic model is surveyed. This could be one of the
weakness points of these studies in the way that
Azranfar and colleagues consider only Hadem3 model

with two emission scenarios in evaluating climatic

change on rainfall and temperature in Zayanderoud
basin by using exit of GCM and results suggest 2 to 5
centigrade in future decades that seems exaggerated.
In present research, mean of all models is used by
noticing at their weight for producing climatic
elements by surveying different climatic models and
different scenarios and determining weight of each
model that results of temperature increasing are
obtained 1/7 centigrade for Daran station and 2/9

centigrade for Koohrang station.
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Fig. 1. Rainfall comparison of statistical period with BRERIRRBES

rainfall of GCM models and emission scenarios in

Koohrang station.
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Fig. 2. Rainfall comparison of statistical period with

future period in Koohrang station.

Rainfall

Rate of daily rainfall of surveyed stations is computed
in period of 2011-2039 by using LARSE-WG model
and GCM models. It has more weight among different
models and scenarios of HADZM3 model with B1
emission scenario in Koohrang station and HADCM3
with A2 scenario in Daran station (table3).So it is
more suitable for producing future rainfall. As seen in
shape 1, this model has better coincidence for models’
mean. Results of these models show respectively that
in Koohrang station, annual rainfall rate in 2011-2039
periods in comparison with statistical period (1988-
2010) that has decreased to 9/22 and 3/9 centigrade

Daran station.
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Fig. 3. Rainfall comparison of statistical period with
rainfall of GCM model of B and emission scenarios in

Daran station.

Fig. 4. Rainfall comparison of statistical period with

future period in Daran station.

Temperature

Survey of different models show that INCM3 model
with A1B emission scenario has more weight for
producing data of region temperature mean and it is
more suitable for producing data(Table 2).Model
results show that annual mean of temperature will

increase 2/9 centigrade 2/9 centigrade in Koohrang.
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Fig. 6. Mean comparison of temperature of statistical
period with temperature of models and different

scenarios and future period of Daran station.

Conclusion
Results show that ability of LARSE-WG is much
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suitable climatic parameters of studied region. This
model exit shows that changes will occur at climatic
parameters in Zayanderoud basin during 2011-2039
period in the way that annual temperature mean will
increase at synoptic stations in 2011-2039 period in
comparison with statistical period. This increase will
be 2/9 centigrade in Koohrang station and 1/7
centigrade in Daran station and rainfall rate of
Koohrang station will decrease 9/22 centigrade in
comparison with statistical period during 2011-2039
years. Rainfall reduction will be 3/9 centigrade in
Daran stations. Oscillations are observed in rate of
rainfall and temperature among monthly means.
Noticing at temperature increase of studied stations,
it is expected that rate of snow saving, changing
torrent regime and runoff and giving water to rivers
and subterranean water are changed. So clear-sighted
and planners could design comprehensive plans in
different parts such as hydrology, agriculture,
economics and politics with regarding these climatic

conditions for next years.

References
Babaeian I, Kwon WT, Im ES. 2004. Application
of Weather Generator Technique for Climate Change
Korea.

Assessment Over Korea Meteorological

Research Institute, Climate Research Lab.

Dracup JA, Vicuna S. 2005. An Overview of
Hydrology and Water Resources Studies on Climate
Change: the California Experience. Proc. EWRI 2005:
Impacts of Global Climate Change.

Dettinger MD, Cayan DR, Meyer M, Jeton AE.
2004. Simulated Hydrologic Responses to Climate
Variations and Change in The Merced, Carson, and
American River basins, Sierra Nevada, California,

1900-2099, Climatic Change, no.62(1-3), 283-317 p.

Elshamy ME, Wheater HS, Gedney N,
Huntingford C. 2005. Evaluation of the Rainfall

Component of Weather Generator for Climate Change

Studies. Journal of Hydrology, n. 326, 1-24 p.

Harmel RD, Richardson CW, Hanson CL,
Johnson GL. 2002. Evaluating the adequacy of
simulating maximum and minimum daily air
temperature with the normal distribution. J. applied

Meteor. 41, 744-753.

Hegerl GC, Zwiers FW, Braconnot p, Gillett
NP, Luo Y, Marengoorsini JA, Nicholls N,
Penner JE, Stott PA. 2007. Understanding and
Attributing Climate Change, The Physical Science
Basis, Contribution of Working Group to the Far of
the IPCC, Cambri. Uni. 667 p.

IPPC. 1996. Climate Change 1995, the Science of

Climate Change, Summary for Pllicymakers,
contribution of working groupi to the second
assessment report of the intergovernmental panel on
climate change,

Cambridge University Press,

Cambridge, UK: 86-91.

Mc Kague K. 2003. Clim Gen- A ZGnvenient
weather Generator Tool for Canadian Climate
Stations, Proceeding of CCAE/SCGR 2003 Meeting,

Montreal, Canada.

Rasco P, Szeidl L, Semenov MA. 1991. A Serial
Approach to Local Stochastic Models. J. Ecological
Modeling , no. 57, 27-41 p.

Semenov MA, Barrow EM. 2002. LARS-WG a
Stochastic Weather Generator For Use in Climate

Impact Studies. User’s manual, Version 3.0.

Wilby RL, Harris I. 2006. A Frame Work
Assessing Uncertainties in Climate Change impacts:
Low Flow Scenarios for The River Thames, UK. Water

Resources Research (in press).

178 | Mazidi et al



