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Simulation of Climate Change Impact on Snowmelt Runoff
(Case study: Sarab Seyed Ali Watershed-Lorestan)

Ali haghizadeh®, Hossein Yousefi®", Yazdan Yarahmadi® Arman Kiyani*

1. Associate Professor, Watershed Management Engineering, Faculty of Agriculture and Natural Resources, University of Lorestan, Iran
2. Associate Professor, Department of Renewable Energy and Err]wironment, Faculty of New Sciences and Technologies, University of
Tehran, Iran
3. Ph.D. Candidate in Watershed Science and Engineering, Watershed Management Engineering, Faculty of Natural Resources and Earth
Sciences, University of Kashan, Iran
4. M.Sc. Student, Watershed Management Engineering, Faculty of Agriculture and Natural Resources, University of Malayer, Iran.
Received: December 09, 2019 Accepted: April 13, 2020

Abstract

Snow and snow melt runoff have a major role to play in supplying water. In this study the impact of climate change on runoff caused by
snowmelt was studied in Sarab Seyed Ali watershed in north of Lorestan province. In this study, using snow cover level extracted from
Landsat 5 and 7 satellite images and climatic data predicted by general circulation model using Lars-WG software snowmelt runoff under
three scenarios A1B, A2 and B2 in the year 2010 to 2013 was simulated using the SRM model. The simulation results were evaluated using
two statistic including coefficient of determination and volume difference. The value of 0.87 for the coefficient of explanation and -3.62 for
the volume difference indicates the accuracy of the model. Then, using these three scenarios, the climate parameters for 2020 to 2060 were
predicted through general circulation model, then using the predicted climate parameters, the rate of snow cover was estimated through
multivariate regression equations and was into to SRM model. The simulation was done for 2020 to 2060. The results showed that the
average runoff in November to May for the three scenarios was 4.3, 4.4 and 4.2 m®fs, respectively, while the long-time mean runoff from
1980 to 2013 was 6.07 m®. However, this decrease in future runoff volume can be jUStIerd by the reduction of snow cover.

Keywords: Climatic parameters, Multivariate regression, Runoff volume, Snow cover.
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Figure 1. Location of the study area
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Table 1. Characteristics of Altitudes of Sarab Seyed Ali Watershed

Zone humber 1 2 3 4 5
Height (m) 1449-1950 1950-2450 2450-2950 2950-3450 3450-3672
Average height (m) 1700 2271 2660 3179 3514
Area (km2) 385 207.81 129 54.6 3.82
Average height for slope (m) 1702 2186 2660 3164 3505
Percentage of area for slope 10.82 7.6 8.16 4.86 10.48
Average height for slope (m) 1699 2179 2644 3170 3511
Percentage of area for slope 10.46 13.2 13.27 13.54 15.18
Average height for slope (m) 1691 2174 2650 3172 3520
Percentage of area for slope 12.72 9.8 8.41 7.13 9.16
Average height for slope (m) 1680 2190 2672 3173 3502
Percentage of area for slope 14.23 16.72 17 21.95 17
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Figure 2. Extracted NDSI index with a threshold of 0.4
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Figure 3. Changes in snow cover in each area in Sarab Seyed Ali Watershed
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Figure 4. Runoff measured and simulated by the SRM model

Table 2. Correlation coefficient and correlation equations between snow cover and climate variables

Zone Correlation coefficient (R2) Correlation equation
1 0.81 Snow;=145 + 4.17(Twin) - 6.56(Tma) - 0.34(Sun) - 15.4(Rain)
2 0.80 Snow,=200 + 3.44(Twmin) - 9.71(Twmax)- 5.29(Sun) - 17.4(Rain)
3 0.79 Snows=108 + 2.91(Twin) - 4.03(Tma) - 0.97(Sun) + 2.93(Rain)
4 0.82 Snow,=66.8 + 1.01(Twin) - 2.24(Tma) - 0.57(Sun) + 0.63(Rain)
5 0.79 Snows=3.04 + 0.05(Twmin) - 0.06(Twmax) - 0.06(Sun) + 0.207(Rain)

Table 3. Statistical evaluation of SRM software during the simulation period from late November to late May

Average Observation Average Computational Runoff volume Runoff Computational ~ Correlation  Volume
Discharge (m®/s) Discharge (m®/s) of observations (m?®) of observations (m®) coefficient  difference
6.18 6.41 98873568 102457440 0.87 -3.62
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Table 5. Rainfall, Min temperature, Max temperature and Sunny hours for the coming period

Scenario Parameter Month
November December January February March April May
Rainfall(mm) 70 62 65 68 32 35 15
AlB Min temperature(C°) 0.15 -2.6 -2.3 0 2.6 6.8 8
Max temperature(C°) 15.6 115 12 16 20.8 25.2 30
sunny hours 188.2 153.3 183.9 192.3 260.4 259.6 3154
Rainfall(mm) 63 60 57 59 25 29 8
A2 Min temperature(C°) 0.17 -2.15 -2 0.1 1.9 7.7 9.7
Max temperature(C°®) 15.3 11 117 15.1 20.5 251 29
sunny hours 196 166.6 190.9 202.2 278.6 2732 3213
Rainfall(mm) 66 57 61 62 29 31 13
B1 Min temperature(C°) 0.4 -2.4 -2.6 0.3 29 7.1 8.8
Max temperature(C°®) 16.1 11.6 12.8 16.3 221 26.6 31.3
sunny hours 194.1 162.3 190 194.4 271.2 265 3175
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Figure 5. Simulation of runoff for base period and future
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