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3-Global Circulation Model (GCM)
4-Representative Concentration Pathways (RCP)
5-Shared Socioeconomic Path ways (SSP)
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Figure 1- Location of the study area in Mazandaran Province and the country.
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Table 1- Meteorological Stations Used in This Study.

Elevation Latitude Longitude Available Type of Station name
(m) statistical station
period

14.7 36.45 52.77 30 Synoptic Qharakhil

529 36.17 52.53 30 Rain Shirgah
gauge

610 36.06 53.03 15 Rain Pol Sefid
gauge

1337 36.04 53.14 30 Rain Sang Deh
gauge

1805 36.07 58.84 11 Synoptic Alasht
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7-Climate Model data for Hydrologic modeling
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6-Intergovernmental Panel on Climate Change (IPCC)
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Figure 2- Process of Creating the Rainfall Erosivity Layer for the Near Future (2046).

CMIP6 5, o Joe ol 5l ol ol oolazu!
5 Feb S e slbey0 b olmesls a5 ola Jos
ke Y0+ i A S 5 252505 5 S
22 @bl (Y Jga) ok (o p caintls 5585
dwlie L CMIPE ojiws o slaJos I S
s b 53 slaesls b gl e slaesls
95 lged (Vo) jeld) al st jold jloged
5 e Bl o)l slodles sladasie Jols

Lol Dl o 5:S0ke o

S g Gloj Gy el wdlyo )0 gpen Judoay
&KL 5 CMIPE  sla Joe  slaosls  daosls

s 8l oS sS
(MIROC6 (sla Joo ()b slaosls 5 yimgs cpl 5o
%o 5& L CNRM-CM6 ACCESS-CM2
P2l 850 90 50 el S Be ¢ g yleglS VO a8l
aw L (Y10 =YV++) sun] {02A0 - Y- F)
SSP5-8.5 4 SSP2-4.5 SSP1-2.6 (g4l
aliod 5 bawgle @il bss Glag b Olprea

8-https://cds.climate.copernicus.
eu/cdsapp#!/dataset/projections-cmip6



‘f/’y‘:}.l"ﬂ‘kl;

) FS O 9| [T PR R CE{ ST SVIPUN | SO % | Spgs WY}

9 SSP (599 yLew dur Syl (gW0010 (6,5 U 3£ 31 (gt s j0 ()b sosls LCMIPE by Juo -Y Jou=

(b

Table 2- CMIP6 Models with Available Precipitation Data after Screening Common Data for Three
SSP Scenarios and Historical Period.

RESOLATION
variant SSP5 85 SSP2 45 SSP1 2.6 HIS 500 250 Model
rlilpif1 | | | | * MIROC6
rlilpif1 [ [ [ [ * ACCESS-CM2
rlilpif1 [ [ [ [ * CANS5
rlilpif1 u u n n * CNRM-CM6
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Table 3- Specific Statistical Downscaling Methods for Precipitation and Temperature in the
CMHYD Software (Rathjens et al 2016).

Temperature Precipitation Downscaling method
N4 Linear Scaling (multiplicative) (LS)
v Linear Scaling (additive) (LS)
v Delta-Change correction (multiplicative) (DC)
v Delta-Change correction (additive) (DC)
v Precipitation Local Intensity scaling (LI)
v Power Transformation of precipitation (PT)
v Variance Scaling of temperature (VS)
v v Distribution Mapping of precipitation and temperature (DM)
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Table 4- Evaluation of Downscaling Methods for Station Precipitation.

R? R RMSE NSE Method Station

1 1 0.0029 0.99 LS

1 1 0.0021 1 PT

1 1 0.0005 1 LI Qharakhil

1 0.99 0.90 0.99 DM

1 1 0.15 0.93 LS

1 0.99 0.15 0.93 PT

1 1 0.15 0.93 LI Sang Deh
0.99 0.96 0.9 0.82 DM

1 1 0.002 1 LS

1 1 0.002 1 PT

1 1 0.0006 1 LI Shirgah
0.99 0.99 0.59 0.99 DM
0.004 0.69 02 0.25 LS

1 1 0.001 1 PT .

1 1 0.009 1 LI Pol Sefid
0.99 0.99 0.32 0.99 DM

1 1 0.002 1 LS

1 1 0.001 1 PT

1 1 0/002 1 LI Alasht
0.97 0.98 0.63 0.97 DM

Qarakhil

e MIROCS

" o ACCESS-CM2
x CanESMS5

CNRM-CM6 i

0 20 S0 60

(mm)

15 ol jok jlogai —Y S5
Figure 3- Taylor Diagram for Qarakhil Station.
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Figure 4- Future Changes in Near-Median and Far Rainfall for Optimistic, Pessimistic, and
Intermediate Scenarios at Stations in the Talar Watershed.
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Table 5- Average Precipitation Values for the Base Period (1985-2014) and Future (2046) at
Stations in the Talar Watershed.

Pessimistic Moderate Optimistic Average Station Name
SSP5-8.5 SSP2-4.5 SSP1-2.6 precipitation (mm)
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Figure 5- Map of Average Precipitation in the Year 2046 for the Talar Watershed Based on
Optimistic (SSP1-2.6), Moderate (SSP2-4.5), and Pessimistic (SSP5-8.5) Scenarios.
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Figure 6- Map of Rainfall Erosivity in the Year 2046 for the Talar Watershed Based on Optimistic
(SSP1-2.6), Moderate (SSP2-4.5), and Pessimistic (SSP5-8.5) Scenarios.
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Extended Abstract

Introduction and Goal

Climate change is one of the major environmental challenges, with extensive impacts on both
natural and human processes. These changes can affect hydrological cycles, leading to alterations
in rainfall patterns and soil erosion. Rising temperatures and variations in the amount and intensity
of precipitation may have detrimental effects on the stability of water and soil resources. Decrease
in precipitation in some areas and an increase in others will alter the spatial and temporal
distribution of runoff, which can impact the storage capacity of surface and groundwater
resources. Given the importance of natural resource management and the need to predict the
consequences of climate change, This study investigates the effects of climate change on
precipitation and rainfall erosivity in the Talar watershed. The main objective of the present
research is to evaluate the effects of three climate scenarios SSP1-2.6, SSP2-4.5, and SSP5-8.5
on precipitation and rainfall erosivity in the near future year 2046. By forecasting climate change
in the near future 2046, we can prepare for its short-term impacts, such as water scarcity, droughts,
and floods, and to carry out necessary planning in this areas of water and soil resource
management, agriculture, and infrastructure development of appropriate measures for adapting to
climate change. Additionally, the analysis of climatic changes will assist policymakers in making
more effective decisions when designing and implementing long-term sustainable development
programs.
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Materials and Methods

The methodology of this research includes using precipitation data from five stations (Qharakhil,
Sang Deh, Shirgah, Pol Sefid, and Alasht) in the study area for the period 1985-
2014.Subsequently, near-future precipitation was simulated using climate model data from
CMIP6, including MIROC6, ACCESS_CM2, CANS5, and CNRM_CMB6, along with the CMHYD
downscaling software. The selection of the best model for downscaling precipitation was based
on a comparison of the results from various models with observational data. Metrics such as Root
Mean Square Error (RMSE), coefficient of determination (R?), Nash-Sutcliffe efficiency (NSE),
Pearson correlation coefficient (R), and Taylor diagram were used to evaluate and compare the
simulation models. The results indicate that the MIROC6 model with the LI method has the best
performance in simulating precipitation and rainfall erosivity in the Talar watershed. The Rain
Erosivity Index (R) was calculated for both the baseline and future periods, and its variations
under different scenarios were examined. Additionally, Geographic Information Systems (GIS)
were utilized to analyze the spatial and temporal changes in rainfall and rainfall erosivity. These
analyses helped identify vulnerable regions, which were subsequently considered in management
planning.

Results and Discussion

The results indicated that rainfall variations under the influence of climate change differ across
various scenarios. The research findings suggest that in the future, under the optimistic SSP1-2.6
scenario, a 43% increase in precipitation leads to a 16.89% increase in rainfall erosivity. This
increase could have different effects on soil erosion during dry and wet periods. Specifically, in
wet periods, it leads to increased soil erosion, while in dry periods, it alters the runoff pattern. In
the moderate SSP2-4.5 and pessimistic SSP5-8.5 scenarios, precipitation decreases by 38.6% and
1.28%, respectively, resulting in corresponding reductions of 37.9% and 10.8% in rainfall
erosivity. The results of spatial analysis reveals that reduced precipitation and rainfall erosivity in
forested and rangeland areas. Additionally, in residential areas like Pol Sefid, increased
construction and the creation of impervious surfaces lead to reduced vegetation cover and
increased vulnerability to intense rainfall. In areas like Shirgah, increased precipitation and
rainfall erosivity could elevate the risk of landslides and erosion in road trenches. These changes
can have significant impacts on soil erosion and water resource management in the region. In this
regard, the necessity of adopting protective measures and continuously monitoring climate
variations in the area is emphasized.

Conclusion and Suggestions

Overall, the findings highlight that climate change can significantly impact natural resources and
livelihoods in the Talar watershed. Urgent actions, including the sustainable management of water
and soil resources, are necessary for adaptation to these changes. Such actions involve monitoring
livestock grazing in pastures, protecting vegetation cover, and cultivating erosion-resistant plants
and developing watershed management techniques. It is also recommended to mitigate the
damages caused by intense rainfall by employing appropriate vegetation cover in erosion-prone
areas, monitoring vegetation cover changes, and implementing erosion control measures in
watersheds. The outcomes of this research can assist policymakers and natural resource managers
in making informed decisions to mitigate the adverse effects of climate change and improve the
management of water and soil resources. Additionally, projected data on the future erosion by
rainfall can be used for the further research development and strategic planning in watershed
management. Furthermore, it is recommended that future research examine changes in rainfall
intensity and their impact on soil erosion. Additionally, conducting field studies and utilizing
advanced numerical models can enhance the accuracy of predictions and contribute to the
development of effective strategies for climate change management.
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