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2-The Third Generation Coupled Global Climate Model
3- Long Ashton Research Station Weather Generator
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Figure 1- Flowchart of research
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3- Ocean General Circulation Model
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Low population growth, high economic growth, high innovations in technology, high integration between different

parts of the world, reduction in the gap between per capita incomes in the world, high cultural and social

interactions.
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2- Canadian Centre for Climate Modeling and Analysis
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3- Artificial Neural Network

4- Input layer

5- Hidden layer

6- Output layer
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Table 2- Results of the probability distribution for wet and dry periods of Observed Data& Generated by LARS-WG
Wet/Dry Periods Suis /55 (g»s 93
Month sl Period 0,95  *>  P-value
Wet 5 0.093  0.999
Dry Lzs 0.082 1
Wet 5 0.028 1
Dry Lus 0.122 0.99
SUM ks gk e Wet ; 0.054 1
Jun-Aug Dry sus 0.075 1
Wet 5 0.069 1
Dry Sis  0.07 1

Win lie;  Dec-Feb 4 = poluws

Spr ke Mar-May - )l

Fall 5oL Sep-NOV yuolg= ol

LARS-WG luwgi oud wlgi g (glosnlino slasals Jluin! glars o7 sl 55kl b yge;l guli -3 Jgaa
Table 3- Results of the probability distribution for Observed Data& Generated by LARS-WG
Solar Radiation g yo& (b Precipitation &b

Monthsle  P-value t P-value x> P-value t P-value g

Jana, gl 0.05 -8.78 1 0.09 0.5 -0.67 0.63 021
Feba, s 0.06 4.23 1 0.09 0.78 -0.28 058  0.22
Mar .l 0.4 0.85 1 0.04 0.91 0.12 095 015
Apr s sl 0.58 0.55 1 0.04 0.83 -0.21 0.91 0.16
May . 0.41 0.83 1 0.04 0.26 -1.14 0.67 0.21
Juns; 0.1 2.04 1 0.09 0.51 0.66 0.79 0.18
Julagsss 0.1 2.11 1 0.09 0.69 -0.4 0.78  0.19

1

1

1

9

1

2

Auge| 0.08 3.13 0.09 0.94 0.08 0.99 0.1
Sep ol 0.1 1.89 0.09 0.59 -0.55 048 024
Oct 51 0.64 0.47 0.04 0.44 -0.78 0.77 0.19
NOV .lgs 0.66 -0.45 0.98 0.13 0.58 0.56 0.52 0.23
(DIToWAW 0.49 -0.7 0.04 0.63 -0.49 0.9 0.16

LARS-WG luwgi oud wlgi g (glosnlino slasals Jlain! slars o7 sl 55kl s yge;l guli -4 Jgus
Table 4- Results of the probability distribution for Observed Data& Generated by LARS-WG
Max Temperature pStas slbod Min Temperature Jélas sl

Month sl P-value t P-value x> P-value t P-value g

Jana 5l; 0.1 1.69 0.91 0.16 0.24 1.19 0.91 0.16
Feba, 48 0.25 1.17 0.91 0.16 0.89 0.13 0.99 0.11
Mar .l 0.72 0.37 0.99 0.11 0.72 -0.36 0.99 0.11
Apr sl 0.61 0.52 0.99 0.11 0.44 0.77 0.99 0.11
May . 0.29 -1.08 1 0.05 0.15 -1.46 1 0.05
Jun g 0.22 1.23 0.91 0.16 0.26 1.13 0.99 0.11
Julagsss 0.41 0.83 0.99 0.11 0.87 -0.16 1 0.05
Augel 0.18 1.37 0.91 0.16 0.1 1.97 0.91 0.16
Sep ol 0.56 -0.59 0.99 0.11 0.65 -0.46 0.99 0.11
Oct 51 0.19 1.34 0.99 0.11 0.86 0.18 1 0.05
NOV y0l5s 0.42 -0.81 1 0.05 0.79 -0.27 0.99 0.11
DecC yoluss 0.71 0.37 0.91 0.16 0.54 -0.61 0.99 0.11
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Figure 3- Changes in Monthly long-term climatic variables in future period for A2,B1&A1BScenarios
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Table 5-Results of Train & Test Phases of ANN Submodels

o 4 9y duxs 5959 0 yUalaad Juo oylend Train ;40! Test o905
No. Neron in middle layer  No. Delay in input  No. Model p MARE K p MARE K
20 12 1 068 026 036 059 041 045
15 5 2 0.83 0.23 04 059 057 0.23
15 10 3 081 0.24 03 072 0.29 0.3
14 10 4 081 023 029 071 025 035
6 5 5 083 019 024 074 023 035
12 2 6 084 021 021 082 027 026
15 5 7 084 023 026 077 0.22 0.3
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Table 6- Changes in Average long-term InflowtoReservoir inFuture periodunder A2, B1&A1B Emission Scenarios

Increase/Decrease (%) wals / (i !53! o3

Month sl
gl gl a el Jugl e o9y dgy  Ogl gwbaw S wely wles  aVle
Scenario Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
AlB 2.92 -1.53 14.6 -0.2 32.3 -13.1 -116  -23.2 -8.9 -3 -12.5 -1.3 -2.1
A2 -10.8 -16.9 111 27.2 314 -11.8 -155 -225 -10.3 0.23 -9.8 0.3 -2.3
Bl 0.46 -3.7 3 21.9 10.5 -15.1  -13.8 -25.2 -11.8 -1.2 -11.3 -3.4 -4.1
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Introduction: Forecasting the inflow to the reservoir is important issues due to the limited water resources
and the importance of optimal utilization of reservoirs to meet the need for drinking, industry and agriculture in
future time periods. In the meantime, ignoring the effects of climate change on meteorological and hydrological
parameters and water resources in long-term planning of water resources cause inaccuracy. It is essential to
assess the impact of climate change on reservoir operation in arid regions. In this research, climate change
impact on hydrological and meteorological variables of the Shahcheragh dam basin, in Semnan Province, was
studied using an integrated model of climate change assessment.

Materials and Methods: The case study area of this study was located in Damghan Township, Semnan

Province, Iran. It is an arid zone. The case study area is a part of the Iran Central Desert. The basin is in 12 km
north of the Damghan City and between 53° E to 54° 30’ E longitude and 36° N to 36° 30’ N latitude. The area
of the basin is 1,373 km2 with average annual inflow around 17.9 MCM. Total actual evaporation and average
annual rainfall are 1,986 mm and 137 mm, respectively. This case study is chosen to test proposed framework

for assessment of climate change impact hydrological and meteorological variables of the basin. In the proposed
model, LARS-WG and ANN sub-models (7 sub models with a combination of different inputs such as
temperature, precipitation and also solar radiation) were used for downscaling daily outputs of CGCM3 model
under 3 emission scenarios, A2, B1 and A1B and reservoir inflow simulation, respectively. LARS-WG was

tested in 99% confidence level before using it as downscaling model and feed-forward neural network was used
as raifall-runoff model. Moreover, the base period data (BPD), 1990-2008, were used for calibration. Finally,
reservoir inflow was simulated for future period data (FPD) of 2015-2044 and compared to BPD. The best ANN
sub-model has minimum Mean Absolute Relative Error (MARE) index (0.27 in test phases) and maximum
correlation coefficient (p) (0.82 in test phases).

Results and Discussion: The tested climate change scenarios revealed that climate change has more impact
on rainfall and temperature than solar radiation. The utmost growth of monthly rainfall occurred in May under
all the three tested climate change scenarios. But, rainfall under A1B scenario had the maximum growth (52%)
whereas the most decrease occurred (—21.5%) during January under the A2 climate change scenario. Rainfall
dropped over the period of June to October under the three tested climate change scenarios. Furthermore, in all
three scenarios, the maximum temperature increased about 2.2 to 2.6°C in May but the lowest increase of
temperature occurred in January under A2 and B1 scenarios as 0.3 and 0.5°C, respectively. The maximum
temperature usually increased in all months compared to the baseline period. Minimum and maximum
temperatures enlarged likewise in all months, with 2.05°C in September under A2 climate change scenario.
Conversely, solar radiation change was comparatively low and the most decreases occurred in February under
A1B and A2 climate change scenarios as —4.2% and —4.3% , respectively, and in August under the B1 scenario
as —4.2%. The greatest increase of solar radiation occurs in April, November, and March by 3.1%, 3.2%, and
4.9% for A1B, A2, and BL1 scenarios, respectively. The impact of climate change on rainfall and temperature can
origin changes on reservoir inflow and need new strategies to adapt reservoir operation for change inflows.
Therefore, first, reservoir inflow in future period (after climate change impact) should be anticipated for the
adaptation of the reservoir.

A Feed-Forward (FF) Multilayer-Perceptron (MLP) Artificial Neural Network (ANN) model was nominated
for the seven tested ANN models based on minimization of error function. The selected model had 12 neurons in
the hidden layer, and two delays. The comparison of forecasted flow hydrograph by selecting an ANN model
and observed one proved that forecasted flow hydrograph can follow observed one closely. By comparison with

1 and 3- Associate Professors, Department of Irrigation and Drainage Engineering, University College of Aburaihan,
University of Tehran

(*-Corresponding Author Email: babihabib@ut.ac.ir)

2- M.Sc. Graduated, Department of Irrigation and Drainage Engineering, University College of Aburaihan, University
of Tehran



1395 g s )l = 329398 L oylois 30 wl> (S g T 4y is 14

the IHACRES model, this model displayed a 54% and 46% lower error functions for validation data. The
selected model was used to forecast flow for the climate change scenarios of the future period.

Conclusions: The results show a reduction of monthly flow in most months and annual flow in all studied
scenarios. The following main points can be concluded:

* By climate change, flow growths in dry years and it declines in wet and normal years.

* The studied climate change scenarios showed that climate change has more impact on rainfall and
temperature than solar radiation.

Keywords: Climate change, Downscaling, Integrated model, Shahcheraghi Dam.



