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Introduction

Climate change, in addition to increasing temperature, causes changes in the duration,
intensity, form, and timing of rainfall in different parts of the Earth, which can cause droughts
and floods. It also changes the volume, duration, and runoff duration, which will bring about
many developments and changes in the water-resource management (Kamal and Massah Bavani,
2009). In order to reduce inconsistencies, studying the impacts of climate change on water
resources is necessary. One of the most widely used models for these future studies is
Atmosphere-ocean General Circulation Models (AOGCMs) (Wilby and Harris, 2006). In general,
most studies present a high degree of uncertainty as a result of using AOGCM s in the simulation
of climate change and hydrology parameters. the outputs of simulated water-resource models
under climate change could be relied on when the uncertainties are taken into account at all
stages (Semenov and Stratonovitch, 2010). In order to innovate the research method, in this study
10 AOGCMs under three greenhouse gas emission scenarios (A1B, A2, and B1) were used in the
simulated range of hydro-climatic variables through climatic models and downscaling methods in
the Dez Oliya basin during 2040-2069. In Summary, when reviewing the range of hydro-climatic
variable changes in the future period, it could be observed that the uncertainty of AOGCMSs under
all three emission scenarios is greater than the downscaling methods.

Methodology

Considering the existence of the most important catchments in the west and southwest of Iran,
taking into account the various sources of uncertainty at all stages of climate change studies in
the Dez Oliya basin (longitude "52, '04, 49 and latitude™ 22, 28, ° 33) will be of great importance.
In this study, in order to investigate the range of the simulation variations of the two main
climatic components (temperature and rainfall), 10 AOGCMs were used under three emission
scenarios (A1B, A2, and B1) in the future (Anonymous, 2007). In order to produce regional
climate scenarios, reduced-scale models (downscaling methods) were used in the study area
(Wilby and Harris, 2006). For this purpose, "Change Factor" (Jones and Hulme, 1996) and
statistical (LARS-WG) methods (Semenov and Barro, 1997; Goodarzi, 2010) were used. Using
the time series of the simulated temperature and rainfall from AOGCMs which are subsequently
downscaled by proportional and statistical methods, daily runoff period of Dez Oliya basin
during the period 2040-2069 is predicted. The rainfall-runoff model, in this study, uses the
“artificial neural network” template.


mailto:nargeszohrabi@gmail.com

148
Simulation of Hydro-Climatic ... Vol. 42, No. 3, 2019

A network that provides the best response in accordance with the performance indicators
(metrics), in the calibration and validation (training and test) phase, is selected as the most
suitable network for the simulation of the input stream.

Results and Discussion

e The long-term monthly average temperature increases at all months in the whole of the
study area during 2040-2069. On average, the highest temperature increase is 2.66 + 0.69
“® during fall time. The highest and the least uncertain of the simulated temperatures is
related to A1B and A2, using “Change Factor” and “LARS-WG” of downscaling
methods at about 1.18° and 0.01°°, respectively.

e Considering both of the downscaling methods, the range of the rainfall variation in future
is not constant with the baseline and some models show a higher rainfall than the
baseline while some show lower rainfall.

e The highest and the least Uncertainty of the simulated rainfall is related to A1B and A2
under proportional and statistical downscaling methods, respectively.

e Results showed that in the rainfall-runoff simulation process of using the artificial neural
network, the most suitable network is the model where inputs are: minimum temperature,
maximum temperature, rainfall, and solar radiation on a daily scale. The highest
percentage of runoff increase is related to A1B about 192.52% in January. Meanwhile,
other seasons are faced with a decrease in the runoff.

e However, based on the runoff simulation, the uncertainty of climate models under
emission scenarios is more than the uncertainty of downscaling methods whereas in all
uncertainty sources, the uncertainty of all three emission scenarios is equal.

Conclusion
According to the main objective of this study, using the results of one climate model, one
scenario, and one downscaling method cannot be a suitable basis for management decisions and
planning in a catchment area. Therefore, the present study has investigated, using more than one
climatic model, different scenarios and downscaling methods in the Dez Olyia basin.
e The trend of runoff changes during the future period (2040-2069) is similar to the base
period (1971-2000), but the ranges of these changes are different.
e The trend of runoff changes during the future period (2040-2069) is similar to the base
period (1971-2000), but the ranges of these changes are different.
e Investigating the range of changes for the temperature and rainfall under emission
scenarios (A1B, A2, and B1) showed the highest and the least uncertainty is related to
AlB and A2, respectively, using either of the downscaling methods.
The highest percentage of runoff increase is 74.1 + 9.7% during wintertime.
e Using the results of various models, methodologies in the future projection based on the
amount of greenhouse gas emissions should be included in the decisions for the study
area.
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Borujerd Synoptic 48.36 33.55 Daily temperature  1961-2011
Borujerd Rain-gage 48.40 34.01 Daily rainfall 1970-2011
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Fig. 8- Uncertainty of AOGCMs under emission scenarios (1: A1B, 2: A2 and 3: B1) and
downscaling method (left: Statistical method, right: Change Factor method) in monthly temperature
variation in the period of 2040-2069
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Fig. 9- Uncertainty of AOGCMs under emission scenarios (1: A1B, 2: A2 and 3: B1) and
downscaling method (left: Statistical method, right: Change Factor method) in monthly rainfall
changes in the period of 2040-2069
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Table 3- ANN Modeling

Model 1 2 3

4

5 6

Q=f(P) QF f (PirTavg) QT

Equation
4 (P, Ti,Rs;)

Q= f(P;,Rsy)

Q=f Q=f

(P;, Tmin;,Tmax;) (P;, Tmin;, Tmax;,Rs;)

In these models, Q represents the daily discharge of the river, P represents daily rainfall, T, is daily average
temperature, Tmin and Tmax represents the minimum and maximum daily temperature of the region respectively, Rs

is daily solar radiation and i represent intervals (daily)

PN mas A0 LaliSe B Jow 8 les S -¢ 9o
Table 4- Performance results of different ANN models

Rank Inputsdelays  Neurons of hidden layer Train network Test network
R MAE K R MAE K
1 15 20 045 0.19 0.26 0.51 0.49 0.57
2 5 15 0.78 0.21 0.32 0.51 0.47 0.26
3 10 15 0.81 0.24 0.40 0.68 0.27 0.32
4 12 13 0.79 0.20 0.31 0.69 0.25 0.37
5 5 7 084  0.27 0.27 0.71 0.22 0.35
6 5 12 0.92 0.25 0.25 0.91 0.28 0.26
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Table 5- Comparison of uncertainty sources in run off estimation for the period of 2040-2069
Runoff uncertainty
under emission
(°C) scenarios

Source of uncertainty

Emission scenarios AlB A2 B1

. Statistical 21.38 21.38 21.38
Downscaling

AOGCMs method

Change

26.49 26.49 26.49
factor

Difference in downscaling
methods
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Fig. 10- Uncertainty of AOGCMs under emission scenarios (1: A1B, 2: A2 and 3: B1) and
downscaling method (left: Statistical method, right: Change Factor method) in monthly runoff
changes in the period of 2040-2069
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