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Assessment of The Impact of Climate Change
Through the Last Two Decades and the Next
Two Decades on the Temperature and
Precipitation Parameters of Alamkuh Glacier
Using Satellite Images and CMIP5 Scenarios
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Abstract

In this research, the impact of climate change on the snow and
ice covering of Alamkuh glacier in Mazandaran province was
assessed using LANDSAT-7, LANDSAT-8 satellite images as
well as the regression trends of historical data of precipitation
and temperature in the last two decades (2000-2020) as well as
projection of GCM models with CMIP5 scenarios over the
next two decades (2020-2040). Projected data were evaluated
using GCM models including EC-EARTH, GFDL-CM3,
HadGEM2-ES, MIRO-C5 and MPI-ESM-MR for the period of
2020-to 2040. The observation data were used with 35-year
period (1984- 2014) and LARS-WG-6 was used for GCM
models downscaling. The least error method (including RMSE
and R2) was used to find the model in which the predicted data
best fit the historical period data; the MIRO-C5 model had the
lowest error among the 5 models. The results obtained for the
last twenty years showed a gradual decrease in the surface of
the snow and ice of Alamkuh region, especially in the summer,
demonstrating the gradual decline of this glacier. Complete
melting of the glacier in summer poses a serious threat to the
downstream water resources of the area and the environment
around the glacier.
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Model ID Country of Origin resolution resolution Lat Long
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EC-EARTH EC-EARTH, Europe(France) 1.0x0.8 1.1x1.1 120 120
GFDL-CM3 NOAA, GFDL, USA 1.0x1.0 2.5%2.0 275 220
HadGEM2-ES MOHC, UK 1.0x1.0 1.9x1.2 210 130
C5-MIRO JAMSTEC, Japan 1.6x1.4 14x1.4 155 155
MPI-ESM-MR MPI-N, Germany 0.4x0.4 1.9x1.9 210 210
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Fig. 5- Comparison of snow and ice areas- GIS layers of Alamkuh in different years (2002-2018)
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Snow and Ice Covering Area Changes
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Fig. 6- Decreasing trend of Alamkuh snow and ice cover
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Table 4- RMSE, R? and MAE coefficients for temperature and precipitation— outputs of GCM models
GCM s Jao 2905 sbod 9 wi,b 6l MAE g R* RMSE a0 -F Jgus

Model Precipitation Temperature
RMSE R? MAE RMSE R? MAE
EC-EARTH 4.12 0.87 3.04 3.18 0.85 2.69
GFDL-CM3 10.57 0.914 9.08 4.33 0.88 3.37
HadGEM2 4.8 0.87 3.74 3.92 0.83 3.12
MIRO-C5 3.54 0.86 3.2 3.42 0.83 2.97
MPI-ESM-MR 7.2 0.88 5.6 3.83 0.82 3.22

VF oo b oF 2 lowd quaniad Jo oyl p O gilio Wiliyiss
Volume 17, No. 3, Fall 2021 (IR-WRR)
V¥



Table 5- Comparison of monthly average of temperature and precipitation of RCP-8.5 scenario of MIRO-5
with observation data
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Temperature (C)

Precipitation (mm/month)

Month MIRO-C5 T observed Temp. diff MIRO-C5 P observed Precip. diff
Jan -4.07 -3.05 1.01 43.56 43.42 0.14
Feb -3.65 -1.89 1.76 41.18 47.27 -6.09
Mar 0.30 1.33 1.03 56.04 55.59 0.45
Apr 6.57 7.60 1.03 51.22 51.26 -0.04
May 10.64 11.51 0.88 41.47 48.67 -7.20
Jun 14.73 15.19 0.47 17.33 17.42 -0.09
Jul 17.55 18.49 0.94 7.42 11.78 -4.36
Aug 17.10 17.93 0.83 12.39 10.31 2.08
Sep 13.87 15.18 131 11.25 12.25 -1.00
Oct 8.54 9.59 1.05 30.15 37.93 -7.78
Nov 3.05 3.96 091 46.11 50.47 -4.36
Dec -1.61 -0.84 0.77 48.10 44.72 3.38
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Fig. 7- Projected temperature for RCP-4.5 and RCP-8.5 of GCM models
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Fig. 8- Projected precipitation for RCP-4.5 and RCP-8.5 of GCM models
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Table 6- Temperature and precipitation percentage difference of base data and future data
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Fig. 9- Comparison of monthly average precipitation: observed with MIRO-5 model (RCP8.5: 2020-
2040)

(2021-2040 :RCP8.5) MIRO-C5 Jo (yi ;b bawsgio g (S1adlio 4o ,b ailale bawgio du o -4 JS5

25

20 i
&
15

10

Temperature (C)

-10
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[ 1EC-EARTH === GFDL-CM3 ©—HadGEM2-ES
mm MPI-ESM-MR e MIROC5 e Ohservation

Fig. 10— Comparison of monthly average temperature: Observed with MIRO-5 model (RCP8.5: 2020-
2040)
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Fig. 11- Difference between monthly average of temperature and precipitation: Observed and future
(MIRO-5 model, RCP8.5)
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