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Abstract

Introduction

In recent years, our country has experienced an increase in the frequency and severity of natural hazards such as floods,
droughts, and pests. These changes can be attributed to shifts in climate variables. Due to its influential role in other natural
hazards such as drought, climate can significantly impact the economy and people's lives. This is particularly evident in the
agricultural, animal husbandry, and industrial sectors, where it can cause damage and destruction in various regions. Drought
is one of the biggest climatic challenges that our country has been facing in recent years. When a drought occurs, it initially
manifests as a meteorological drought. If the drought persists, it can lead to other types of droughts, including hydrogeological,
agricultural, and economic droughts. Each of these droughts, as well as their cumulative impact, affects various aspects of the
ecosystem within a watershed. Climatic changes cause many problems due to their impact on the temporal and spatial
distribution of precipitation in various regions. Due to its gradual process and slow speed, this phenomenon has been operating
for a relatively longer period. Its effects may be revealed after a few years and with a longer delay than other risks. This
phenomenon has more tangible effects in rural areas because rural communities are more vulnerable. Therefore, understanding
this phenomenon and analyzing and evaluating its impact on ecosystems within a watershed is crucial for effective planning
and decision-making. This knowledge is necessary for the implementation of appropriate adaptation strategies.

Material and Methods

To carry out this research, the required climatic data were first collected from the Meteorology and Regional Water Department
of Mazandaran Province. The SPI (Standardized Precipitation Index) index was also used to evaluate meteorological drought.
Additionally, to examine the trend of changes in flow rate, the data from existing hydrometric stations in the region, which have
more comprehensive data, were utilized. Lars-WG software was used to project future climate (2023-2050) conditions under two
climate scenarios: an optimistic scenario (RCP2.6) and a pessimistic scenario (RCP8.5). After preparing the current and future
data, the DrinC software was used to determine drought thresholds based on the standard table for the SPI. In this research, the
IHACRES hydrological model was also utilized to forecast future discharge. To achieve this objective, the future precipitation and
temperature data obtained from the previous stage were utilized, along with the observed discharge data (1990-2020), to project
the trend of discharge in the future (2022-2040). Subsequently, the hydrological drought of the Tajan Watershed was calculated at
the outlet station (Kordkhil) using the SDI (Streamflow Drought Index) in the DrinC software. After analyzing the stream flow
data and using the standard table associated with the SDI, the thresholds for hydrological drought were determined.

Results and Discussion

The results of this study showed that, based on the SPI standard table, the degree of drought in the area under investigation has
fluctuated between -3.3 (indicating very severe drought) and 2.4 (indicating extremely humid conditions) in recent years. Also,
the future climate was projected for a period of approximately 27 years (2023-2050) under the influence of two optimistic
scenarios (RCP2.6) and one pessimistic scenario (RCP8.5) at three selected stations (Kordkhil, Soleiman Tange, Rig Cheshme).
The results of the climate drought conditions and the index values for the projected period (2023-2050) at Soleiman Tange
station, in 12-month steps showed that there is a possibility of a severe climate drought occurring in this region during the water
year 2049-2050. Also, the results show that there is no significant difference in the future drought index between the two
scenarios. The results of the climate drought situation at Rig Cheshme station indicate a high likelihood of a severe climate
drought in the region during the water year 2029-2030. Additionally, the results of the climate drought condition at Kordakhil
station show that the condition at Kordakhil station differs somewnhat from the other two stations, which are located at higher
altitudes. This difference is likely due to the proximity of this station to the Caspian Sea, as the climate in that region is
influenced by the coastal humidity. It can also be expected that there will be a severe drought in the water year 2032-2033 in
this region. The results of the IHACRES model showed that the comparison chart of the simulated discharge and the observed
discharge is in good agreement. Additionally, the error coefficient values obtained during the two stages of evaluation and
recalibration were 0.48 and 0.53, respectively. These values indicate the model's acceptable ability to simulate future discharge.
The results indicate that the discharge rate of the Watershed is unlikely to undergo significant changes in the future as a result
of climate change. The probable cause for this is the occurrence of intense rainfall events, which lead to flooding and subsequent
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increases in river discharge. Considering that these results only show the effect of climate change on discharge, there is a
possibility that other factors, such as land use changes, may also contribute to changes in the amount of discharge.

Conclusion

The results of this analysis indicate that in both climate scenarios, there is a possibility of experiencing severe droughts in some
years in the future. However, it is also possible for the climate to be very wet in certain years. These changes in the state of drought
over approximately 30 years indicate climate fluctuations, which are one of the signs of climate change in a region. Therefore,
based on the obtained results, it cannot be concluded that we will experience either a completely dry or completely wet state in the
next 30 years. Thus, it is necessary to employ adaptation strategies to mitigate the impacts of drought during certain years. The
hydrological drought situation of the Tajan River in the next 20 years (2020-2040) was evaluated using both optimistic and
pessimistic scenarios. The drought situation in this river has also exhibited fluctuations, with a decreasing trend of flow in some
years and an increasing trend in others. These fluctuations also indicate another effect of climate change in a region, which causes
heavy rains and floods, leading to increased river flow during certain times of the year. However, relying solely on the study of the
flow rate of a region cannot accurately indicate the drought situation. This is because certain measures implemented in watersheds
can significantly impact the flow rate of a river. Therefore, considering all the conditions and climatic factors that govern our
country, it is not surprising to see such changes occurring in different periods.
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Figure 1- Geographic coordinates of the studied area in Sari City, Mazandaran Province
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based on SDI
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based on SPI
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Figure 2- Meteorological drought trends in the basic observational data of different stations
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Table 3- The trend of future precipitation of Tajan Watershed stations in the period of 2020-2040
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Figure 3- Climate drought trend of different stations of Tajan Watershed in the period 2023-2050
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Continued Figure 3- Climate drought trend of different stations of Tajan Watershed in the period 2023-2050
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Table 4- Climate drought situation of Soleyman Tangeh station in the future under two optimistic and pessimistic scenarios

ISt Condg (4alo 12) RCPB 5 SPI ISt Candy (4alo 12) RCP2.6 SPI e
ey Spop 0.08 ey Soop 0.08 2023-24
Lagto JluSts -1.07 Lasto JuSis -1.13 2024-25
Joy o5 -0.38 Joy o35 -0.20 2025-26
g yo b 1.09 g yo s 113 2026-27
oo g 118 g ya b 1.22 2027-28
by Soop 0.65 Jboy Sodp 0.45 2028-29
b Jlsizs -1.58 s s -1.57 2029-30
Joy o5 -0.02 Joy o5 -0.03 2030-31
Jloy Sonp -0.45 Jloy o5 -0.29 2031-32
Lwgie JluSiis -1.18 Logie JluSits -1.15 2032-33
Lasio JluSts -1.40 s JuSiss -1.55 2033-34
Joy o5 0.07 Joy o35 0.25 2034-35
Jloy SKonp 0.45 Jloy o5 0.38 2035-36
Jby Koop 0.07 Jboy Sovp 0.10 2036-37
Joy Sip -0.92 Jey Susp -0.83 2037-38
oy o5 -0.10 Joy S35 -0.27 2038-39
s o s 1.22 g o b 1.20 2039-40
Jloy Konp 0.88 Jboy K5 0.77 2040-41
wsbyo sl 1.89 wsbye sl 1.94 2041-42
g yo b 1.40 sy b 1.35 2042-43
Jboy Kop -0.63 Jboy Sovp -0.64 2043-44
Joy o5 0.20 Joy Susp 015 2044-45
g yo b 1.04 sy b 1.08 2045-46
Joy Ko 0.13 Joy Susp 021 2046-47
Jloy SKonp 0.62 Jboy K5 0.57 2047-48
Loogie JluSiis -1.09 bagie Jlusiis -1.03 2048-49
b L JSas -2.16 i s s -2.18 2049-50
i s IS -2.20 bagie Jlusiis -1.20 2050-51
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Table 5- Climate drought situation of Rig Cheshmeh station in the future under two optimistic and pessimistic scenarios

LSS Condsg (asls 12) RCP8.5 SPI ISt Cong (asls 12) RCP2.6 SPI J
ey Spop -0.73 Jey S35 -0.84 2023-24
g yo b 1.44 sk o Lo 1.45 2024-25
Joy Ko -0.58 Jey S -0.43 2025-26
g yo b 1.07 sk o Lo 1.05 2026-27
Joy Ko -0.89 Jy e -0.95 2027-28
Joy Sop -0.62 Joy o5 -0.60 2028-29

b s S -2.11 i s Jlsias -2.07 2029-30
Joy o5 -0.28 Jey e -0.31 2030-31
Joy Sop 0.05 Jloy Su55 0.19 2031-32

Loogie JluSiis -1.23 bsgie JluSiis -1.20 2032-33
Joy o -0.01 Jloy Su55 -0.02 2033-34
Joy o5 -0.58 Joy e -0.59 2034-35
Jby Koop 0.14 Jbey Sovp 0.10 2035-36
g yo b 147 s ye b 1.44 2036-37
Joy o5 0.86 Joy o 0.76 2037-38
Jby Koop 0.22 Jbey Sovp 0.17 2038-39

g yel b 2.76 s ol 2.77 2039-40
by Kovp -0.58 Jloy S5 -0.49 2040-41
Joy o5 0.00 Joy o 0.00 2041-42

Lwgie JluSiis -1.04 Lassio JLuSits -1.12 2042-43
Joy i 0.94 s ye s 1.00 2043-44
Joy Spp 091 s yo baus 1.00 2044-45
by K55 0.05 Jloy S35 -0.04 2045-46
Joy o 0.40 Joy o 0.38 2046-47
by Kovp -0.03 Jloy S35 -0.01 2047-48

loogie JluSiis -1.05 Lsgie JuSiis -1.05 2048-49
by Kovp -0.60 Jloy S35 -0.60 2049-50
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Table 6- Climate drought situation of Kordkhil station in the future under two optimistic and pessimistic scenarios
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Table 7- Statistical characteristics of discharge trend of Kordkhil station in 2020-2040
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Figure 4- The discharge trend of Kordkhil station under two scenarios RCP2.6 (top), and RCP8.5 (bottom) in the period 2020-2040
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Figure 6- Comparison of simulated discharge and observations in the calibration phase of the hydrological model
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Figure 7- Diagram of modeling error in two periods of calibration and evaluation of the model
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Table 8- The results of calibration and evaluation of the model at the Kordkhil station of the Tajan Watershed in the period of 1997-2017
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Figure 8- Future hydrological drought trend of Kordkhil station using RCP8.5 scenario with SDI
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Figure 9- Future hydrological drought trend of Kordkhil station using RCP2.6 scenario with SDI
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Table 9- Hydrological drought situation of Kordkhil station in the future under two different scenarios
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