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Extended abstract

Introduction

Studies conducted in the field of climate change in the world indicate that even a small change in
temperature causes a change in the occurrence of extreme phenomena such as drought, heavy rainfall, and
storms. Severe changes in the behavior of atmospheric indicators, especially during the 21st century,
indicate signs of climate change occurrence. Therefore, climate change and climate warming can directly
affect the extreme values of climate and the temporal and spatial changes of these events; thus, this study
analyzes the trend of occurrence of extreme climate events shortly in Fars Province.

Materials and methods

In this study, in order to analyze the trend of extreme climate events shortly in Fars Province, the ACCESS-
ESM1-5 model related to the IPCC Sixth Assessment Report and the latest series of climate scenario
releases (SSP) was used after exponential downscaling using the LARS-WG statistical model at the station
level. Daily precipitation, maximum and minimum temperature data from three synoptic stations of
Abadeh, Shiraz, and Lar in Fars Province were used. After exponential downscaling of the ACCESS-
ESM1-5 model, precipitation, and minimum and maximum temperatures were predicted for the near future
period (2026-2055). Then, using the RClimdex package in R software, fourteen extreme climate indices (7
temperature indices and 7 precipitation indices) were extracted for the base period and the near future. After
calculating 14 climate extreme indices for the 30 years] of the near future period (2026-2055) and the base
period (1991-2020) on an annual basis, the trend for each index was determined using the Mann-Kendall
test and the slope of the age line. Then, the climate extreme indices were placed in two groups of the near
future period and the base period, and the type of data distribution was determined. In order to reveal the
existence of a difference in the means of the two groups (the first group: values of the extreme indices of
the base period, the second group: values of the extreme indices of the near future period), an independent
t-test was used.

Results and discussion

The results of the exponential downscaling of the ACCESS-ESM1-5 model indicate an increase in the
minimum and maximum temperatures of the near future period (2026-2055) compared to the base period
(1991-2020) in all three stations and all three scenarios. The average precipitation values are also predicted
to decrease at the Shiraz station and to increase at the Abadeh and Lar stations. The results of determining
the trend in climate indices showed that the trend in temperature extreme indices is more noticeable than
precipitation extreme indices. The number of frost days (FD) has a significant downward trend and the
number of summer days (SU25), the monthly maximum daily maximum temperature (TXx) and the
monthly maximum daily minimum temperature (TNx) have an upward trend in all three stations and three
scenarios compared to the base period and a significant difference at the 95% confidence level. The
maximum one-day precipitation index (RX1day) is also significant and has an upward trend in all three
stations and three scenarios, with an average increase of 16.59 mm in the maximum one-day precipitation
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in the province compared to the base period. The daily precipitation intensity index (SDII) is also a
significant upward trend in all three stations and three scenarios, with an average increase of 3.83 mm/day
for the province in the near future compared to the base period.

Conclusions

Severe climate changes and global warming in recent years have led to changes in weather patterns and the
emergence of climate anomalies in most parts of the world. The present study shows a significant increase
in extreme climate events in Fars Province. The trend in extreme temperature indices is more noticeable
than extreme precipitation indices. An increasing trend in extreme hot indices and a decreasing trend in
extreme cold indices will occur in the near future (2026-2055) in Fars Province; therefore, it is necessary
to adopt and implement preventive decisions and plans at different management levels to deal with the
possible consequences of increasing temperatures and extreme hot events. Based on the results obtained
from examining the frequency of extreme precipitation events, it also shows an increase in the daily
precipitation intensity index, an increase in the maximum one-day precipitation in three stations of Abadeh,
Shiraz, and Lar, and an increase in the number of days with heavy and very heavy precipitation in two
stations of Abadeh and Lar. These conditions could indicate an increase in intense and short-term rainfall,
as well as a shortening of the region's rainy season. Consequently, given the damaging consequences of
extreme rainfall events such as drought and flood, more attention should be paid to monitoring and
observing these weather disasters in order to minimize the damage caused by them, so that active and
intelligent management can be applied to move more quickly towards risk management and risk reduction.
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Table 2. Definition of temperature and precipitation extreme indices

ID Index name Definition Unit
FD Number of frost daye Annual count when TN (daily minimum) <0 _C days
SuU25 Summer days Annual count when TX (daily maximum)>25_C days
TXX Max. Tmax Monthly maximum value of daily maximum temperature °C
TNx Max. Tmin Monthly maximum value of daily minimum temperature °C
TXn Min. Tmax Monthly minimum value of daily maximum temperature °C
Annual count between first span of at least 6 days with TG
GSL Growing season Length >5 _Cand the first occurrence after 1st July of at least 6 days
consecutive days with TG<5 _C
DTR Diurnal temperature range Monthly mean difference between TX and TN °C
RX1day Max. 1-day precipitation amount Monthly maximum 1-day precipitation mm
RX5day Max. 5-day precipitation amount Monthly maximum consecutive 5-day precipitation mm
Annual total precipitation divided by the number of wet
SDil Simple daily intensity index days mm/day
defined as PRCP > 1.0 mm) in the year)
R10 Number of h%z\% precipitation Annual count of days when PRCP > 10 mm days
R20 Number of very dgigvy precipitation Annual count of days when PRCP > 20 mm days
CDD Consecutive dry days Maximum number of consecutive days with RR <1 mm days
CWD Consecutive wet days Maximum number of consecutive days with RR > 1 mm days
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Table 3. The values of the LARS-WG6 model evaluation
statistics

Station
name

Abadeh Shiraz Lar

Variable  R? RMSE R? RMSE R? RMSE

Rain 0.69 2.27 0.68 3.04 063 311
Tmin 0.98 0.31 0.96 038 096 041
Tmax 0.97 0.28 0.98 0.29 097 034
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Fig 2. Estimated and observational values of rainfall and minimum and maximum temperature in three stations of Abadeh, Shiraz and Lar

SSP slags )l 3o (Y2 YP-Y-00) Soop oagis(\ﬂ‘i\—T'T')qli 0,99 )b g dieS cdiiin sloo Olyss —F Jgus

Table 4. Changes in maximum temperature, minimum temperature and precipitation in the base period (1991-2020) and near future (2026-
2055) according to SSP scenarios

Rain (mm) Tmax (°C) Tmin (°C)

Station  Scenario Basic Basic Basic
poriog  SSP126 SSP245  SSPSBS U SSP126  SSP245  SSPBS L SSP126  SSP245  SSP5E5
Winter  58.6 761 736 713 107 117 120 124 25 15 1 1
Spring 514 55.7 51.9 515 207 213 27 228 6.0 76 7.8 7.8
Abadeh  Summer 2.8 2.4 26 23 330 342 338 45 159 173 17.0 17.4
Autumn 133 15.9 122 178 238 244 24.7 248 6.9 7.8 7.9 85
Annual 1260 1500 1402 1429 221 229 23.3 23.6 6.6 7.8 7.9 8.1
Winter 1944 1625 1798 1799 143 155 159 16.4 16 24 28 26
Spring 853 111 1014 998 247 267 271 273 938 116 119 11.9
Shiraz ~ Summer 25 28 25 25 376 389 385 389 203 218 215 218
Autumn  30.6 38 236 283 284 284 28.7 288 114 120 122 123
Annual 3128 3143 3072 3105 263 274 276 278 108 119 121 122
Winter 1163 1348 1613 1536 204 214 218 22.0 57 7.0 74 78
Spring  46.7 744 83.6 675 313 330 334 335 148 168 172 171
Lar  Summer  18.8 19.8 24.0 253 426 438 437 439 253 267 26.6 27.9
Autumn  16.1 185 174 179 339 341 34.4 47 164 168 169 173
Annual  197.9 2475 2862 2642 320  33. 33.3 335 156 168 171 175
Averageofthiee 155 973 a5 2392 268 278 28.1 283 110 122 12.3 126
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Table 5. Mann-Kendall test and Sen's Slope of 14 climate extreme indices for the near future period (2026-2055) and the base
period (1991-2020)

Station Scenario FD SU25  TXx TNx TXn GSL DTR RX1d  RX5d SDil R10 R20 CDD CWwWD
ay ay mm mm

Basic period -0.74 0.58 -0.001 0.03 0.021 1.274 -0.022  -0.061 -0.28 -0.051 0.079 -0.007 0.023 -0.01

SSP126 -0.46 0289 0014 0.006  0.003 0.55 0.002 -0434 -017 -095 0019 -0055 -0.14  0.033

ABADEH SSP245 -0.48 0.312 0.062 0.05 0.008 0.466 -0.007 0.079 0.46 0.023 0.077 0.048 -0.207 0.037

SSP585 -0.78 0.539 0.038 0.042 0.022 0.878 -0.011 0.185 0.55 0.048 0.075 0.038 0.08 0.028

Basic period ~ 1.021 0.6 0.02  -0.017 008 -0256 0092 -0316 -133 -0095 -0.225 -0.053 -0.722 -0.05

SSP126 033 0498 0013 0039 0039 0417 0007 0.063 -018 0049 0048 0.021 0.103  0.009

SHIRAZ SSP245 -0.21 0.273 0.061 0.073 0.023 0.041 0.001 0.424 0.63 0.12 0.088 0.049 0.141 0.007

SSP585 -0.55 0.44 0.036 0.078 0042 0302 -0.018 0.956 1.28 0223 0146 0112 0.066  0.007

Basic period  -003 0902 -0.001 0052 0036 0066 -0.001 -0973 -154 -0.026 -0.14 -0.073 -0593 -0.052

SSP126 -0.04 0728 0042 0.049 0048 -0.002 0011 -0.301 -0.67 0057 0016 0.001 -0.157 -0.034

LAR SSP245 -0.02 0.495 0.072 0.067 0.033 -0.002 0.007 -1.604 -2.48 -0.11 -0.052  -0.038 -0.21 -0.04

SSP585 -0.03 0838 0055 0072 0059 -0.002 -0.009 -0928 -162 -0.003 0015 -0.015 -0.22  -0.034
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Table 6. Results of independent t-test to study the difference in the means of the two groups of the near future (2026-2055) and the
base period (1991-2020) related to 14 climate extreme indicators, at a confidence level of 95 percent

Station Scenario FD SuU25 TXx TNx TXn GSL RX1day RX5day SDIl R10mm R20mm CDD CWD
SSP126 -22 19 2.27 1.99 181 7 -0.12 8.76 0.85 3.03 2 1 -12 -1
SSP245 -25 22 2.34 2.16 191 10 -0.16 13.8 7.01 3.6 3 1 -13 -1
ABADEH
SSP585 -28 24 2.46 2.44 211 11 -0.25 14.43 7.95 3.78 3 1 -12 -1
Average -25 22 2.36 2.20 1.94 10 -0.18 12.33 5.27 3.47 2 1 -12 -1
SSP126 -12 13 2.18 2.44 0.47 1 0.02 7.5 -4.27 2.46 0 1 14 -1
SSP245 -15 15 2.22 2.61 0.65 5 0.05 10.03 -2.5 33 1 1 15 -1
SHIRAZ
SSP585 -16 16 2.42 2.98 0.86 3 0.22 15.11 5.2 4.37 1 2 14 -1
Average -14 15 2.27 2.68 0.66 3 0.10 10.88 -0.52 3.38 1 1 15 -1
SSP126 -3 21 1.85 1.9 112 1 -0.14 22.67 18.98 4.26 2 2 -6 0
LAR SSP245 -3 24 1.89 2.09 134 1 -0.23 29.08 30.58 4.82 2 2 -7 0
SSP585 -3 26 2.16 247 1.56 1 -0.38 27.95 27.08 4.83 2 2 -7 0
Average -3 24 1.97 2.15 134 1 -0.25 26.57 25.55 4.64 2 2 -7 0
Average of three stations -14 20 2.20 2.34 1.31 4 -0.11 16.59 10.10 3.83 2 2 -2 -1
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