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1- General Circulation Model/Global Climate Model
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1. Introduction

Evaluation of the impact of climate change on water resources is one of the main tasks of researchers in the
world. Considerable efforts have been done to study the hydrological processes and effects of climate change on
water resources. Iran is a developing country where more than 85 percent of its total water is used in agriculture.
The Urmia Lake located in the North West of Iran has lost a lot of its water. This is because of building several
dams in the basin areas and also climate changes. Although several studies about the effects of climate change on
the basin rivers flows [1] and also simulations of the reservoirs operation [2] have been separately carried out, few
studies have examined the operation of reservoirs under climate change conditions. Moreover, most of the studies
have used a simple climate model, HadCM3, and less attention has been paid for evaluating other climate models.
The main objective of this study is to evaluate the effects of future climate change on the hydrological response of
the Sufichay River basin located at upstream of the Alavian Dam and also the reservoir operation for supplying
drinking, industrial, agricultural and the environmental water demands for the next two periods of 20 years, around
the years 2020 and 2055, using the reliability criterion.

2. Methodology
2.1. Case study

The Alavian Dam lies between 46° 14° 44” E - 37° 25” 48.7” N and 46° 15’ 22” - 37° 25’ 42.3” N. The dam is
across the Sufichay River in Maragheh City. The length of the dam is 935 m and its useful volume is 55.72 Mm?®.
The annual discharge of the river is about 140 Mm®. The basin area upstream of the Alavian Dam is 317.1 km?,
which may be divided into two sub-basins located at upstream of two gauging stations, Tazeh Kand (Sufichay) and
Esfestanaj (Esfestanajchay). The inflow value of the reservoir is sum of the flow recorded at the two stations.

2.2. GCM models
The general circulation models (GCM) are used to estimate the effects of climate change. In this case,
greenhouse gas emission scenarios such as A2 and B1 scenarios are used.

2.3. LARS-WG 5 model

This downscaling model uses semi-empirical distribution to approximate the probability distributions of wet and
dry series, daily precipitation, maximum and minimum temperatures and solar radiation. After doing some statistical
tests, the model is able to generate daily time series for the desired number of years. In this study, 30 years of daily
data was generated by the model for all the periods.

2.4. IHACRES 2.1 model
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The modeling process of the IHACRES model is divided into two nonlinear (losses) and linear (unit hydrograph)
modules. The first module converts rainfall to effective rainfall, and the latter converts the effective rainfall to
runoff. The model applies a modified method suggested in 1997 by Yeh et al. for calculating the effective rainfall
using the observed rainfall [3].

2.5. Genetic programming

Genetic programming was presented by John Cosa in 2008, based on Darwin's theory. This method does not
make any assumption on the structure of the relationship between independent and dependent variables but it
identifies an appropriate relationship for any given problem. The construction of the relationship is made possible by
(i) a set of components of functions and their parameters (terminal set); and (ii) a parse tree, which is a functional set
of basic operators. The evolution starts from an initially selected random population of models. As the population
evolves from one generation to another, new models replace the old ones by having demonstrably better
performance.

2.6. System dynamic tool

System dynamic tool is an effective tool to check the status of the systems. Moreover, it is of the most powerful
and applied simulation tools. This method was developed by Forrester in 1961 for better understanding of complex
dynamic systems.

3. Results and discussion

In this study, the Alavian reservoir performance under climate change condition was evaluated using the
reliability criterion. The inflow of the reservoir, which is the most important factor influencing the reservoir storage
to meet different demands was estimated using the temperature and precipitation data of the two stations. The
IHACRES model was calibrated and tested at daily scale, and then the results were summed to calculate the monthly
flow. As a result, the determination coefficient values for the Sufichay sub-basin is 0.887 and 0830 for the
calibration and test stages, respectively. The corresponding values for the Esfestanajchay sub-basin are 0.916 and
0.799, respectively. Applying the VENSIM model for simulating the reservoir behavior, the reliability criterion for
different demands under scenario of no climate change and the order of demands: drinking, environment, industry
and agriculture, is higher than acceptable ranges. Assuming no increase in the demands for the future periods,
occurring climate change under the B1 and A2 emissions scenarios in the period of year 2020 causes the decrease in
the average value of the reliability of the demands except the drinking one. This result is also true for the period of
year 2055 by not excepting the drinking demand. However, it seems that the climate change will not affect the
reliability of different demands for the period 2020, because of constant median values of changes and high values
of the standard deviation by assuming that the demands values will not change over the next 20 years. Note that the
dam failure in supplying the demands is expected in some years, especially in late summer. By increasing the
drinking demand to the predicted value and increasing the environmental demand to the Montana limit, the values of
median changes in addition of decreasing in some months become lower than the acceptable limits of the reliability
of different demands.

4. Conclusions

The worst conditions to supply the drinking demand under both emission scenarios, A2 and B1, were obtained
for the months of October, August and September. The reliability of environmental and industrial demands
decreased in July in addition to the mentioned months. Moreover, the reliability of agricultural demand decreased a
lot over all months of the summer and fall seasons. However, uncertainty between the results of two scenarios is
very high. Generally, it can be stated that even under the B1 scenario, which predicts no more decrease in the flow
for the period of 2055, the reservoir will not be able to supply the drinking demand over some months.
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