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In this study, the entering runoff to Makhmalkooh Dam; in Lorestan province; 

was studied under climate change scenarios. For this using, the data of 

precipitation, maximum and minimum temperature and sunshine for the study 

area in the basic time of 1980-2014 were downscaled with LARS-WG6 model 

and after choosing the IPSL-CM6A-LR-INCA model as the most compatible 

model with the study area among the 26 models in the sixth IPCC report, 

precipitation, minimum and maximum temperature and sunshine were 

estimated for Kakareza station in three times of 2026-2050, 2051-2075 and 

2076-2100 under SSP scenarios. After that, the entering runoff to 

Makhmalkooh dam was estimated in the future periods under the SSP 

scenarios using the IHACRES model and the results obtained from the 

previous step. The results of this study showed that the entering runoff the 

studied dam will decrease on monthly and seasonal scale in all future periods 

under SSP climate scenarios. The highest runoff in the monthly scale was 

predicted in October under the SSP5-8.5 scenario, and the lowest decrease was 

predicted in May under the SSP1-2.6 scenario. On seasonal scale, the highest 

amount of reduction in entering runoff to the dam was estimated in the autumn 

season under the SSP5-8.5 scenario, and the lowest amount of reduction was 

estimated in the spring season under the SSP1-2.6 scenario. The results of this 

study also showed that the climate change will have significant effect on 

entering runoff to Makhmalkooh dam and therefore, the impacts of this 

phenomenon should be considered in water resources development plans to 

reduce its damages for posterity.  
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Figure 1. Study basin 
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Table 1. Statistical parameters in validation of lars - wg model 

Statistical parameter  NSE NRMSE R² 

Precipitation  0.87 0.28 0.93 

Max Temperature  0.99 0.08 0.99 
Min Temperature  0.99 0.03 0.99 
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Table 2. Information of GCM data reported in the sixth report of IPCC in the present study 

Row Model Country or Union Atmospheric resolution Integration period 

1 ACCESS-CM2 Australia 1.875° × 1.25°, L38 1980-2014 
2 ACCESS-ESM1 Australia 1.875° × 1.25°, L38 1980-2014 
3 BCC-CSM2 China ~2.8° × 2.8°, L26 1980-2014 
4 BCC-ESM1 Canada ~2.8° × 2.8°, L35 1980-2014 
5 CanESM5 Canada ~2.8° × 2.8°, L35 1980-2014 
6 CanESM5-CanOE USA 1.25° × ~0.9°, L26 1980-2014 
7 CAS-ESM USA 1.25° × ~0.9°, L26 1980-2014 
8 CAS-ESM2 Italy 3.75° × ~3.7°, L39 1980-2014 
9 CESM2 Italy 1.875° × ~1.9°, L95 1980-2014 

10 CESM2-WACCM France ~1.4° × 1.4°, L31 1980-2014 
11 CMCC-ESM2 France ~1.4° × 1.4°, L31 1980-2014 
12 CNRM-CM6-1 France ~1.4° × 1.4°, L31 1980-2014 
13 CNRM-ESM2-1 USA 2.5° × 2°, L40 1980-2014 
14 GISS-E2-1-G USA 2.5° × 2°, L40 1980-2014 
15 GISS-E2-1-H UK 3.75° × 2.5°, L19 1980-2014 
16 HadGEM3 UK 1.875° × 1.25°, L60 1980-2014 
17 HadGEM3-GC31-LL Russia 2° × 1.5°, L21 1980-2014 
18 INM.INM-CM5 France 3.75° × ~1.9°, L39 1980-2014 
19 IPSL-CM6A-LR France 2.5° × ~1.3°, L39 1980-2014 
20 IPSL-CM6A-LR.INCA Japan ~1.4° × 1.4°, L81 1980-2014 
21 MIROC6 Japan 2.8125° × ~2.8°, L40 1980-2014 
22 MIROC-ES2L Germany 1.875° × ~2°, L47 1980-2014 
23 MPI-ESM-1-2-HAM Germany 1.875° × ~2°, L47 1980-2014 
24 MPI-ESM1-2-LR Germany 1.125° × ~1.1°, L48 1980-2014 
25 MRI-ESM2-0 UK 1.875° × 1.25°, L85 1980-2014 
26 UKESM1-0-LL UK 1.9° × 1.3° 1980-2014 

  
Table 3. Statistical parameters values in correlation evaluation between historical and GCM data 

  Precipitation Max Temperature Min Temperature 

Row Model R2 NRMSE NSE R2 NRMSE NSE R2 NRMSE NSE 

1 ACCESS-CM2 0.43 0.68 0.30 1.00 0.36 0.71 0.98 2.31 0.13 
2 ACCESS-ESM1 0.51 0.67 0.31 0.99 0.37 0.69 0.98 2.14 0.25 
3 BCC-CSM2 0.00 1.06 -0.72 0.69 0.42 0.60 0.69 1.49 0.64 
4 BCC-ESM1 0.00 1.15 -1.01 0.69 0.42 0.60 0.81 1.02 0.83 
5 CanESM5 0.11 1.20 -1.19 0.72 0.47 0.50 0.81 1.26 0.74 
6 CanESM5-CanOE 0.20 1.01 -0.55 0.70 0.41 0.61 0.97 2.27 0.16 
7 CAS-ESM 0.00 1.15 -1.01 0.69 0.42 0.60 0.69 1.49 0.64 
8 CAS-ESM2 0.00 1.15 -1.01 0.69 0.42 0.60 0.69 1.49 0.64 
9 CESM2 0.26 1.24 -1.36 0.27 1.00 -1.33 0.27 2.32 0.12 

10 CESM2-WACCM 0.12 1.15 -1.01 0.27 1.01 -1.33 0.28 2.32 0.12 
11 CMCC-ESM2 0.30 0.94 -0.36 0.72 0.32 0.76 0.97 2.21 0.20 
12 CNRM-CM6-1 0.64 0.83 -0.04 1.00 0.36 0.71 0.99 2.22 0.19 
13 CNRM-ESM2-1 0.67 0.69 0.28 0.99 0.08 0.98 0.99 2.23 0.18 
14 GISS-E2-1-G 0.07 1.55 -2.67 0.69 0.33 0.76 0.97 2.30 0.14 
15 GISS-E2-1-H 0.20 0.79 0.05 0.70 0.41 0.62 0.97 2.15 0.25 
16 HadGEM3 0.04 0.93 -0.33 0.44 0.42 0.59 0.02 2.65 -0.15 
17 HadGEM3-GC31-LL 0.04 0.93 -0.33 0.44 0.42 0.59 0.02 2.65 -0.15 
18 INM.INM-CM5 0.53 0.75 0.14 0.62 0.39 0.65 0.97 2.33 0.11 
19 IPSL-CM6A-LR 0.80 0.40 0.29 1.00 0.39 0.64 0.99 2.11 0.27 
20 IPSL-CM6A-LR.INCA 0.83 0.92 0.75 1.00 0.29 0.69 0.99 2.14 0.52 
21 MIROC6 0.56 0.91 -0.27 1.00 0.36 0.71 0.99 2.08 0.29 
22 MIROC-ES2L 0.46 0.97 -0.43 1.00 0.39 0.65 0.99 2.13 0.26 
23 MPI-ESM-1-2-HAM 0.61 1.05 -0.68 1.00 0.19 0.92 0.99 2.12 0.27 
24 MPI-ESM1-2-LR 0.48 1.05 -0.68 1.00 0.24 0.87 0.99 2.11 0.27 
25 MRI-ESM2-0 0.49 0.63 0.40 0.99 0.13 0.96 0.99 2.17 0.23 
26 UKESM1-0-LL 0.01 1.04 -0.66 0.44 0.43 0.58 0.02 2.63 -0.13 
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 Table 4. Result of Kolmogorov– Smirnov, F- test and t-student between observed and generated data by LARS-WG model 

 
Precipitation Max Temperature Min Temperature 

 
K-S t-student F P value K-S F t-student P value K-S F t-student P value 

Jan 0.07 1.17 0.30 1.00 0.01 16.01 -0.35 1.00 0.05 1.45 4.17 1.00 
Feb 0.13 1.19 -0.87 0.99 0.05 19.41 0.13 1.00 0.05 0.44 5.27 1.00 
Mar 0.07 1.09 -0.29 1.00 0.05 19.05 -0.45 1.00 0.03 -1.95 4.26 1.00 
Apr 0.07 1.41 0.27 1.00 0.05 42.64 0.21 1.00 0.05 -0.12 2.18 1.00 
May 0.07 1.51 -1.76 1.00 0.03 26.56 -0.57 1.00 0.05 -0.66 7.16 1.00 
Jun 0.09 1.74 1.23 1.00 0.05 10.92 0.40 1.00 0.05 -1.54 17.40 1.00 
Jul 0.61 6.75 -1.78 0.88 0.11 12.56 0.77 1.00 0.05 -0.20 9.28 1.00 

Aug 0.33 9.26 -1.78 0.80 0.05 20.32 0.04 1.00 0.05 1.02 9.28 1.00 
Sep 0.61 5.42 -2.06 0.64 0.05 24.04 -0.39 1.00 0.03 -0.34 8.80 1.00 
Oct 0.06 3.65 -2.06 1.00 0.03 30.24 -0.24 1.00 0.11 0.24 9.89 1.00 
Nov 0.07 1.95 -1.76 1.00 0.05 17.94 -0.46 1.00 0.05 -0.01 6.63 1.00 
Dec 0.06 1.04 -0.70 1.00 0.05 5.66 -0.63 1.00 0.03 -0.54 5.61 1.00 
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Figure 2. Generic structure of the IHACRES model with two main modules – non-linear module to convert total 

rainfall to effective rainfall and linear module to convert effective rainfall to streamflow 
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Table 5. Result of evaluation of IHACRES model in Calibration and Validation time period  

Time Period NSE NRMSE BIAS R² 
Calibration 5.45 0.87 3.44 0.69 
Validation 1.28 0.76 -1.28 0.56 

  

  
Figure 3. Time series of observed and simulated runoff in calibration period by IHACRES model 

 

  
Figure 4. Time series of observed and simulated runoff in validation period by IHACRES model 
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Table 6. Comparison of monthly minimum temperature fluctuations of Kakareza station in the future periods compared to 

the base period (°C) 

 
SSP1-2.6 SSP3-7.0 SSP5-8.5 

 
(2026-2050) (2051-2075) (2076-2100) (2026-2050) (2051-2075) (2076-2100) (2026-2050) (2051-2075) (2076-2100) 

Jan -0.36 0.19 0.42 0.11 2.24 3.20 -0.06 2.65 4.77 

Feb 1.77 2.69 2.90 1.74 4.00 5.83 2.69 4.29 7.97 
Mar 7.00 7.94 7.93 6.70 8.99 10.55 8.01 9.59 11.95 

Apr 10.80 11.64 11.61 11.18 13.13 14.54 11.96 13.38 16.15 

May 14.39 15.17 14.82 14.68 16.39 18.10 14.83 17.15 19.88 
Jun 18.88 19.37 19.29 19.17 20.98 23.06 19.34 22.00 24.50 

Jul 23.97 24.33 24.30 24.40 26.24 28.49 24.79 27.14 30.09 

Aug 22.69 23.51 23.22 23.11 24.82 26.97 23.28 25.73 28.77 
Sep 12.38 12.39 12.39 12.38 12.42 12.46 12.39 12.44 12.49 

Oct 8.10 8.10 8.10 8.10 8.10 8.10 8.10 8.10 8.10 

Nov 3.99 3.98 3.97 3.98 3.94 3.94 3.98 3.94 3.94 
Dec 0.68 0.73 0.75 0.73 0.91 1.01 0.70 0.97 1.18 
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                                                (a)                      (b) 

 
(c) 

Figure 5. Comparison of monthly trend of minimum temperature in Kakareza station for future and base time period; 
a: SSP1-2.6 scenario, b: SSP3-7.0 scenario, c: SSP5-8.5 

  

 
                                                (a)                      (b) 

  

 
(c) 

Figure 6. Comparison of monthly trend of maximum temperature in Kakareza station for future and base time period; 
a: SSP1-2.6 scenario, b: SSP3-7.0 scenario, c: SSP5-8.5 

-5

0

5

10

15

20

25
Ja

n

F
eb

M
ar

A
p
r

M
ay Ju
n

Ju
l

A
u
g

S
ep

O
ct

N
o
v

D
ec

T
m

in
(°

C
)

Historical

-5

0

5

10

15

20

25

30

Ja
n

F
eb

M
ar

A
p
r

M
ay Ju
n

Ju
l

A
u
g

S
ep

O
ct

N
o
v

D
ec

T
m

in
(°

C
)

Historical (2026-2050) (2051-2075) (2076-2100)

-5

0

5

10

15

20

25

30

35

Ja
n

F
eb

M
ar

A
p
r

M
ay Ju
n

Ju
l

A
u
g

S
ep

O
ct

N
o
v

D
ec

T
m

in
(°

C
)

Historical (2026-2050) (2051-2075) (2076-2100)

0
5

10
15
20
25
30
35
40
45
50

Ja
n

F
eb

M
ar

A
p
r

M
ay Ju
n

Ju
l

A
u
g

S
ep

O
ct

N
o
v

D
ec

T
m

a
x
(°

C
)

0
5

10
15
20
25
30
35
40
45
50

Ja
n

F
eb

M
ar

A
p
r

M
ay Ju
n

Ju
l

A
u
g

S
ep

O
ct

N
o
v

D
ec

T
m

a
x
(°

C
)

Historical (2026-2050) (2051-2075) (2076-2100)

0
5

10
15
20
25
30
35
40
45
50
55

Ja
n

F
eb

M
ar

A
p
r

M
ay Ju
n

Ju
l

A
u
g

S
ep

O
ct

N
o
v

D
ec

T
m

a
x
(°

C
)

Historical (2026-2050) (2051-2075) (2076-2100)



746                                        ������ � 	� 
����� ���� ������ ����� � ����1402 

    
                                                (a)                      (b) 

 

 
(c) 

Figure 7. Comparison of monthly trend of precipitation in Kakareza station for future and base time period; a: SSP1-

2.6 scenario, b: SSP3-7.0 scenario, c: SSP5-8.5 

 
Table 7. Comparison of monthly maximum temperature fluctuations of Kakareza station in the future periods 

compared to the base period (°C) 

 
SSP1-2.6 SSP3-7.0 SSP5-8.5 

 
(2026-2050) (2051-2075) (2076-2100) (2026-2050) (2051-2075) (2076-2100) (2026-2050) (2051-2075) (2076-2100) 

Jan 21.88 22.34 21.39 21.94 23.86 25.34 21.54 24.76 27.12 
Feb 27.06 27.33 26.23 26.04 28.22 30.52 26.57 28.82 32.78 
Mar 33.79 33.91 32.93 31.99 35.06 36.76 33.00 35.63 38.28 
Apr 40.79 41.18 40.36 40.60 42.81 44.42 40.34 42.90 46.03 
May 46.39 46.06 45.74 45.67 47.45 49.24 45.65 48.38 50.91 
Jun 46.03 45.96 45.57 45.76 47.45 49.52 45.60 48.45 50.80 
Jul 43.07 43.38 42.84 42.90 44.60 46.93 42.73 45.58 48.33 
Aug 36.29 36.25 35.92 35.94 37.59 39.72 35.90 38.56 41.07 
Sep 20.83 20.83 20.83 20.83 20.86 20.90 20.82 20.88 20.92 
Oct 14.85 14.85 14.85 14.85 14.85 14.85 14.85 14.85 14.85 
Nov 11.76 11.76 11.76 11.76 11.76 11.76 11.76 11.76 11.76 
Dec 13.43 13.51 13.37 13.49 13.75 13.92 13.38 13.87 14.14 

 
Table 8. Comparison of monthly precipitation fluctuations of Kakareza station in the future periods compared to the 

base period (mm) 

 
SSP1-2.6 SSP3-7.0 SSP5-8.5 

 
(2026-2050) (2051-2075) (2076-2100) (2026-2050) (2051-2075) (2076-2100) (2026-2050) (2051-2075) (2076-2100) 

Jan -0.18 0.19 -0.01 0.18 -0.11 -0.12 -0.14 0.11 -0.67 
Feb 0.19 0.15 0.13 0.21 0.17 -0.53 0.04 -0.13 -0.40 
Mar 0.16 -0.02 0.20 0.36 0.03 -0.10 0.00 -0.21 -1.06 
Apr -0.67 0.00 -0.49 -0.15 -0.40 -0.36 -0.70 -0.48 -0.96 
May -0.42 0.01 -0.09 0.24 -0.29 0.26 -0.05 -0.42 -0.37 
Jun -0.98 -1.65 -0.63 -0.61 -1.10 -0.06 -0.65 -0.94 0.09 
Jul -12.02 -8.75 -3.82 -2.83 -46.87 -17.08 -11.15 -13.93 -35.99 
Aug -22.54 -7.48 -20.02 -23.51 -131.40 -6.22 -7.77 -11.01 -11.87 
Sep -65.00 -42.51 -62.65 -62.84 -83.45 -38.72 -43.05 -50.56 -51.83 
Oct -253.18 -253.18 -253.18 -253.18 -253.18 -253.18 -253.18 -253.18 -253.18 
Nov -13.26 -13.26 -13.26 -13.26 -13.26 -13.26 -13.26 -13.26 -13.26 
Dec -2.51 -1.18 -2.05 -1.19 -2.36 -1.72 -2.33 -1.32 -3.21 
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Figure 8. Seasonal changes of minimum temperature in Kakareza station in future periods under SSPs scenarios (°C) 

  

  
Figure 9. Seasonal changes of maximum temperature in Kakareza station in future periods under SSPs scenarios (°C) 
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Figure 10. Seasonal changes of precipitation in Kakareza station in future periods under SSPs scenarios (mm) 

  
Table 9. Comparison of seasonal minimum temperature fluctuations of Kakareza station in the future periods 

compared to the base period under SSPs scenarios (°C) 

 

SSP1-2.6 SSP3-7.0 SSP5-8.5 

2026-2050 2051-2075 2076-2100 2026-2050 2051-2075 2076-2100 2026-2050 2051-2075 2076-2100 

Spring 3.67 4.53 4.39 3.80 5.78 7.34 4.54 6.32 8.94 
Summer 4.79 5.35 5.21 5.17 6.95 9.11 5.41 7.90 10.73 

Autumn 0.29 0.29 0.29 0.29 0.29 0.27 0.29 0.28 0.26 

Winter 0.74 1.25 1.40 0.90 2.43 3.39 1.16 2.68 4.69 

  

Table 10. Comparison of seasonal maximum temperature fluctuations of Kakareza station in the future periods 

compared to the base period under SSPs scenarios (°C) 

 

SSP1-2.6 SSP3-7.0 SSP5-8.5 

2026-2050 2051-2075 2076-2100 2026-2050 2051-2075 2076-2100 2026-2050 2051-2075 2076-2100 

Spring 7.72 7.79 7.08 6.82 9.17 10.87 7.07 9.70 11.84 

Summer 6.90 6.97 6.55 6.64 8.32 10.49 6.51 9.30 12.47 

Autumn 0.29 0.29 0.29 0.29 0.28 0.27 0.29 0.27 0.26 
Winter 4.37 4.64 3.91 4.07 5.52 6.84 4.07 6.06 8.26 

 
Table 11. Comparison of seasonal precipitation fluctuations of Kakareza station in the future periods compared to 

the base period under SSPs scenarios (mm) 

 

SSP1-2.6 SSP3-7.0 SSP5-8.5 

2026-2050 2051-2075 2076-2100 2026-2050 2051-2075 2076-2100 2026-2050 2051-2075 2076-2100 

Spring 15.51 0.16 5.12 24.10 15.42 3.80 16.51 26.22 44.08 
Summer 56.69 66.37 47.26 46.87 59.78 18.63 47.26 55.29 6.17 

Autumn 95.07 95.02 95.07 95.07 95.09 95.01 95.03 95.05 95.05 

Winter 22.94 3.54 18.27 1.67 20.93 34.59 26.43 17.23 48.74 
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Table 12. Monthly result of simulated runoff entering to Makhmalkooh dam in base and future periods under SSPs 

scenarios (m3/s)  
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average 

Base Time (1980-2014) 22.80 25.15 21.40 12.19 6.31 2.67 2.52 2.81 5.62 6.53 8.84 14.51 10.95 

SSP1-2.6 

2026-2050 3.47 7.73 10.33 2.85 1.16 0.43 0.00 0.03 0.08 0.01 0.01 0.06 2.18 

2051-2075 8.44 10.19 7.80 3.55 2.99 0.38 0.00 0.25 0.52 0.01 0.01 0.07 2.85 

2076-2100 5.09 7.71 10.74 3.03 1.77 0.66 0.02 0.06 0.09 0.01 0.01 0.07 2.44 

SSP3-7.0 

2026-2050 8.28 10.71 9.12 5.21 3.71 0.81 0.03 0.06 0.07 0.01 0.01 0.07 3.80 

2051-2075 3.85 7.47 7.16 2.33 1.32 0.38 0.00 0.00 0.01 0.00 0.01 0.06 1.88 

2076-2100 4.69 3.27 3.81 1.59 2.69 1.25 0.01 0.34 0.62 0.01 0.01 0.07 1.53 

SSP5-8.5 

2026-2050 3.95 6.49 7.46 2.08 1.79 0.67 0.00 0.23 0.49 0.01 0.01 0.06 1.94 

2051-2075 7.04 6.03 4.41 1.75 1.07 0.39 0.00 0.12 0.24 0.01 0.01 0.07 1.76 

2076-2100 1.81 2.45 1.32 0.61 0.75 1.33 0.01 0.11 0.19 0.01 0.01 0.06 0.72 

  

  
Figure 11. Comparison of Monthly result of simulated runoff entering to Makhmalkooh dam in base and future 

periods under SSPs scenarios (m3/s)  
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Table 13. Seasonal result of simulated runoff entering to Makhmalkooh dam in base and future periods under SSPs 

scenarios (m3/s)  
Season Spring Summer Autumn Winter 

Base Time 1980-2014 13.30 2.67 7.00 20.82 

SSP1-2.6 

2026-2050 4.78 0.16 0.03 3.75 

2051-2075 4.78 0.21 0.18 6.23 
2076-2100 5.18 0.24 0.04 4.29 

SSP3-7.0 
2026-2051 6.01 0.30 0.03 6.36 
2051-2075 3.60 0.13 0.01 3.79 
2076-2100 2.70 0.53 0.21 2.68 

SSP5-8.5 
2026-2050 3.78 0.30 0.17 3.50 
2051-2075 2.41 0.17 0.09 4.38 
2076-2100 0.89 0.48 0.07 1.44 

  

  
Figure 12. Comparison of Monthly result of simulated runoff entering to Makhmalkooh dam in base and future 

periods under SSPs scenarios (m3/s)  

  
Table 14. Comparison of Seasonal result of simulated runoff entering to Makhmalkooh dam in base and future 

periods under SSPs scenarios (%)  
Season 

 
Spring Summer Autumn Winter Average 

SSP1-2.6 

2026-2050 64.05 94.12 99.55 81.98 84.93 

2051-2075 64.06 92.02 97.43 70.06 80.89 
2076-2100 61.04 90.86 99.47 79.40 82.69 

SSP3-7.0 

2026-2050 54.79 88.83 99.59 69.47 78.17 

2051-2075 72.92 95.24 99.89 81.78 87.46 
2076-2100 79.71 80.11 96.94 87.15 85.98 

SSP5-8.5 

2026-2050 71.57 88.73 97.55 83.19 85.26 

2051-2075 81.89 93.57 98.74 78.97 88.29 
2076-2100 93.28 81.93 99.00 93.10 91.83 
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