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2- Weather Generator
3- Man-Kendall
4- Transition Probability Matrix
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1- Atmospheric-Ocean General Circulation Model
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4- Mean Observed Runoff
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1- Autoregressive First Order
2- Weibull Distribution
3- Thames
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Figure 1. The flowchart of the different stages of the research.
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5- Goodness of Fit

6- Kolmogorov-Smirnov
7- Anderson-Darling

8- Chi-Squared
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1- Non Linear Loss Module

2- Linear Unit Hydrograph Module
3- Catchment Wetness Index

4- Catchment Drying Time Constant
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Figure 2. Aidoghmoush River Basin position and layout of weather stations.
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Figure 3. Comparison of observed runoff of basin with calculated runoff in periods of (a) calibration

and (b) verification.
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Figure 4. Weighting of AOGCM Different models for runoff variable.
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Table 1. Extraction of parameters of lognormal distribution (three-parameter) selected from test of
goodness of fit.

o el Plr 25 0505 m Jia g Plr 25K 0505
Test of Goodness of fit Test of Goodness of fit
Month Model Name Month Model Name
y u o y u o
HadCM3 -10.88 3.18 0.21 HadCM3 -0.35 0.42 0.37
CCSR-NIES 0.39 0.75 0.92 CCSR-NIES 0.05 -2.35 1.05
CSIRO MK2 -3.40 2.39 0.49 CSIRO MK2 0.04 -0.23 1.38
CGCM2 39.05 3.54 091 CGCM2 1.09 2.85 0.52
B GFDL R30 0.44 1.37 0.79 - GFDL R30 0.04 -1.19 1.03
ot s ST
NCAR PCM DOE  -12.46 3.57 0.35 NCAR PCM DOE 5.31 2.29 1.37
April August
ECHAM4 -1.75 3.27 0.37 ECHAM4 -0.36 1.09 0.49
o 1246 357 035 o 005 235 105
Hybrid Hybrid
Slaalie glassls Slaalie glassls
e g 6305 441 011 e g 000  -155 092
Observed Data Observed Data
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Table 2. statistical parameters of Long-term monthly average runoff for baseline (from seven model
AOGCM, hybrid model) and observed.
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Parameters

Loy

6.96 8.54 1439 2496 30.56 2298 13.88 8.34 5.16 3.13 521 6.06
Average

ol S Sl
Baseline Standard 596 699 12,51 2825 3643 2974 1743 11.26 6.39 3.54  4.80 5.52
(AOGCM) Deviation

Sl b
Coefficient
of Variation
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377  2.86 7.78 25.14  14.61 3.77 0.34 0.21 3.68 0.58 2.87 2.69
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Dlre O3 il
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aseline Standard 358  1.72 497 13.50  6.54 3.58 0.28 0.23 11.21 098 1.71 1.68

(55 Deviation
(Hybrid)

«b

Sl b
Coefficient
of Variation

Loy

95 60 63 54 45 95 81 109 305 169 59 63

2.75 3.48 8.91 20.13  17.81 5.42 0.91 0.33 0.60 1.83  2.46 2.59
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Dlre O3 il

Slaalis
& Standard 1.89 1.97 7.37 9.52 9.23 6.84 2.69 0.38 1.71 1.91 1.56 1.47

(Observed) Deviation

Sl b
Coefficient
of Variation

69 57 83 47 52 126 295 116 286 104 63 57

V&



Sl Sy duel g il Colslusluw

—Had M3

~&Observed

Apr  May Jun Jul Aug

Jan  Feb Mar Sep  Oct  Nov Dec

m.CSIRO MK2

& Observed

The

diil

Feb  Mar

" em

Jan Apr May Jun  Jul  Aug Sep Oct Nov Dec

_—CGFDL-R30

off

~#-Observed

a5

Mar  Apr May Jun  Jul  Aug

e W

Jan  Feb Sep  Oct Nov Dec

—ECHAMA

~=-Observed

=

o

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

The

The

The 30-year average runoff

- CSRNIES

-&-Observed

|
5 !
0 o BN e

Jan  Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
140

-—CGOM2
120

-m-Observed

100
80

60

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

ENCAR DOE PCM

~&-Observed

Aug  Sep Oct Nov Dec

Jan  Feb Mar Apr May Jun Jul
30
= Hybrid Model
25
<& Observed
20
5

Jan  Feb  Mar  Apr  May

Jun  Jul Sep Ot Nov Dec

Aug

jb‘.-'.a ISYLIST ‘;‘-\ALLG ‘-,"U‘J)h.“.‘{. 8595 3> ‘;.;Sj ‘gAOGCM ‘5‘AJJ.¢ j‘é&cy‘lb) alale CJ.M-L.L» .h.wj.a 4...\..3.\.3.4—0 JS.&

Figure 5. Comparison of long-term monthly average runoff resulting from AOGCM and hybrid models
in the baseline period with observed runoff in the corresponding period.
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Table 3. Performance criteria of AOGCM models and hybrid model.
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Model Name ( 02 | l?rl:l/g/ssl)i (l\r/fng‘;]j) (ds O50)
(Dimensionless)
HadCM3 97.0 2.32 1.58 0.87
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Figure 6. Categorizing the river flow in different months (resulting from seven AOGCM model).
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Table 4. Transition probability matrix for the April to May and August to September for the models of

(a) HadCM3 and (b) hybrid.
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Table 5. Performance criteria of runoff transition probability matrix resulting from AOGCM models

and hybrid model.
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Abstract

Background and Objectives: phenomena of climate change affects on various sectors that
water resources are those most important. Lane et al (1999) studied that countries located in
low-latitude, have the most the negative consequences of this phenomenon (9). A prerequisite
for evaluating the regional effects of climate change is to produce climatic scenarios in the
future period’s by AOGCM models. Different researchers depending on their needs, the outputs
of one or more of these models use. Yu et al (2002) examined effects of climate change on
water resources in southern Taiwan with the use of models (12). Wilby and Harris (2006)
studied the effect of climate change on low flows of the river in the United Kingdom with
considering the uncertainties of AOGCM models, along with other sources of uncertainty, (11).
The aim of the present study is to evaluate the performance of climate models from two
perspectives of hydrological and water resources. This means that in addition to determination
of situation of the system probability distribution in each month (perspective of hydrologists),
the time sequence of the system situation to be evaluated under climate change conditions.
Materials and Methods: In the present study, a new approach was introduced for the
performance investigation of AOGCM models, so that reliable model(s) could be found with
saving time and obtaining satisfactory results. With applying 7 AOGCMs, temperature and
rainfall variables in base period (1971-2000) for Aidoghmoush basin located in East Azerbaijan
were estimated and with introducing variables to hydrological model IHACRES, monthly runoff
was simulated. To investigate efficiency of each climate model, the mean observed runoff
method was used. Next, a hybrid model was also suggested, so as to assign the higher values to
each model in each month. By fitting statistical distributions on runoff and using goodness-of-fit
tests, an appropriate distribution was chosen and relevant statistical parameters extracted and
compared with observed runoff.

Results: Results show that the hybrid and HadCM3 models with respective (r=96%,
RMSE=2.09 m’/s, MAE=1.51 m’/s, NSE=0.89) for the hybrid model and (r=97%, RMSE=2.32
m’/s, MAE=1.58 m’/s, NSE=0.87) for HadCM3 can best simulate the runoff. Next, transition
probability matrix was assessed. By comparing the results of probability distributions and the
transition probability matrix for runoff resulting from AOGCMs with observed runoff showed
that performance of hybrid and HadCM3 models with respective correlation coefficients of 89%
(RMSE=0.1 m’/s, MAE=0.02 m’/s, NSE=0.78) and 87% (RMSE=0.12 m’/s, MAE=0.02 m’/s,
NSE=0.77) can be reliable.

Conclusion: Models have Good ability to simulate climatic variables and consequently runoff.
In case of using only one AOGCM model, since there is no significant difference between
performance criteria of hybrid and HadCM3 models, applying the HadCM3 is recommended.
The results of comparisons of statistical and flow transition probability are quite similar.

Keywords: Climate change, AOGCM, Goodness-of-fit tests, Transition probability matrix,
Rainfall-runoff simulation
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