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Figure 1- Homogeneity Detection Chart (Pettitt) in the Annual Series of Maximum and Minimum Air
Temperature
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Table 1- Results of the Mann-Kendall and Pettitt Tests for Detecting Trends and Change point in the Annual Time Series

. . Mann-Kendall trend test s Pettitt test
Climate Variable\ Test p-value Trend result Sen’s Slope Pettitt p-value Pettitt result
TMIN (°c) 0.001 Increasing 0.032 0.005 Increasing
TMAX (°c) <0.0001 Increasing 0.064 0.003 Increasing
Relative Humidity (%) 0 Decreasing -0.125 <0.0001 Decreasing
Wind Speed (m/s) <0.017 Increasing 0.043 <0.0001 Increasing
Precipitation (mm) 0.14 No Trend -2.28 0.21 No Mutation
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Figure 4- Changes in Cotton Yield (Full Irrigation) at Different Planting Dates Over a 38-Year Period (1984-2024)
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Figure 5- Changes in Cotton Yield (Rainfed) at Different Planting Dates Over a 38-Year Period (1984-2024)

—o0 0905 el oo 0 Shee ial38l el g oo oS Iy e WAD 52 4504050 pled o oo o o

ogine alS S w35l 5 (L2l i, JlasS Slasine digy a8l JlasS- e (5031 50 g kel Ll
LY ooz 97 JS0) aos oo lias D4-R (g, yo | (D4-W) oS 7,6 o 50 b Jol5 55kl 5o 0l oo
btlgn slaosls (Jae (slo it LS oSl 4 4z g ol s 9wl Jloine T g 5 (aliBl o 0
@y ool cdnlie o Sles alS lgi co w wbl oo 50 Ogd o0 bgiye g los il 4y o Sles o33l
oeldl i A5 C8F azi g ol @ulil Lo @l 55 Wojst a5 ad oo el cilS (o sl anads
Db el ol g mo o Slas 51y 5)ls cxe il BilgT o IS ol s glos mal33l b Jg wigis 5L MalS™ o

Ay 05os )3 ier 3 Mgy LA (51 sty 9 JIS - op0 (y903T S Y oo
Table 2- Results of the Mann-Kendall and Pettitt Tests for Detecting Trends and Change point in Cotton Yield
Cultivation Scenario\Test p-value Sen’s Slope Trend result Pettitt test P-value Pettitt Result

D1-W 0.421 -2.972 No Trend 0.751 No Mutation
D2-W 0.497 -2.423 No Trend 0.789 No Mutation
D3-W 0.258 -4.954 No Trend 0.248 No Mutation
D4-W 0.365 3.542 Increasing 0.608 No Mutation
D1-R 0.175 -3.347 No Trend 0.346 No Mutation
D2-R 1.000 -6.470 Decreasing 0.225 No Mutation
D3-R 0.083 -5.041 No Trend 0.271 No Mutation
D4-R 0.014 -11.688 Decreasing 0.033 Decreasing
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Figure 6- Trend and Change point in the Time Series of Rainfed Cotton Yield During the Observational Period
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Table 3- Significance Test of Mean Yield Changes in Irrigated Cotton at Different Planting Dates

. D1-W D2-W D3-W D4-W
Scenario
p-value t p-value p-value t p-value t
D2-W 0.33 -0.99 0 0.49 -0.21 0.93 0.09
D3-W 0.83 -0.21 0.49 0 0 0.64 -0.47
D4-W 0.5 -0.68 0.93 0.64 -0.47 0 0
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Table 4- Significance Test of Mean Yield Changes in Rainfed Cotton at Different Planting Dates

D1-R D2-R

D3-R D4-R

Scenario

p-value t p-value

p-value t p-value t

D2-R 0.39 0.87 0
D3-R 0.93 0.09 0.32
D4-R 0.03 2.2 0.14

0.93 0.99 0.14 1.5
0 0 0.02 2.31
0.02 2.31 0 0
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Table5- Results of Trend and Change point Tests on the Annual Series of Climatic Variables for Different Climate

Scenarios
. Mann-Kendall Trend Sens’ Pettitt Test Average
. . Climate Test
Climate Variable - S -
Scenario value Trend Slope | p-value Change point Before After
P Result Result Mutation | Mutation
TMAX (°c) SSP126 <0.0001 Increasing | 0.022 | <0.0001 Increasing 23.8 25.1
TMIN (°c) SSP126 | <0.0001 Increasing | 0.024 | <0.0001 Increasing 13.3 14.8
Precipitation (mm) SSP126 | <0.0001 Increasing 2.3 <0.0001 Increasing 507 708
TMAX (°c) SSP245 | <0.0001 Increasing | 0.039 | <0.0001 Increasing 23.6 26
TMIN (°c) SSP245 <0.0001 Increasing | 0.04 | <0.0001 Increasing 13.3 15.7
Precipitation (mm) SSP245 | <0.0001 Increasing | 1.805 | <0.0001 Increasing 507 694
TMAX (%) SSP585 | <0.0001 Increasing | 0.061 | <0.0001 Increasing 23.8 27.4
TMIN (°c) SSP585 | <0.0001 Increasing | 0.066 | <0.0001 Increasing 13.4 17.3
Precipitation (mm) SSP585 | <0.0001 Increasing | 2.526 | <0.0001 Increasing 507 721
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Figure7- Decreasing Change point Chart in Yield under the D3-W-SSP585 Scenario
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Figure 9- Changes in Irrigated Cotton Yield Under Different Climate Scenarios at Planting Date D2
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Figure 10- Changes in Irrigated Cotton Yield Under Different Climate Scenarios at Planting Date D3
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Figure 11- Changes in Irrigated Cotton Yield Under Different Climate Scenarios at Planting Date D4
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Table 6- Results of Trend and Change point Tests on Irrigated Cotton Yield Under Different Climate Scenarios at
Various Planting Dates

Mann-Kendall Trend : .
Climate Scenario\ test Sens’ Pettit Test Average Yield (Kg/ha)
Test value Trend Slope value Change point Before After
P Result P Result Mutation Mutation
D1-W-SSP126 1.000 No Trend -1.123 0.299 No Mutation 3235 3235
D2-W-SSP126 0.016 Decreasing -1.479 0.059 No Mutation 3143 3143
D3-W-SSP126 <0.0001  Decreasing -3.036 <0.0001 Decreasing 3197 3001
D4-W-SSP126 0.000 Decreasing -2.563 <0.0001 Decreasing 3219 2803
D1-W-SSP245 <0.0001  Decreasing -3.814 <0.0001 Decreasing 3269 3000
D2-W-SSP245 <0.0001  Decreasing -4.737 <0.0001 Decreasing 3166 2841
D3-W-SSP245 <0.0001  Decreasing -6.221 <0.0001 Decreasing 3206 2818
D4-W-SSP245 <0.0001  Decreasing -6.285 <0.0001 Decreasing 3221 2850
D1-W-SSP585 <0.0001  Decreasing -9.828 <0.0001 Decreasing 3332 2645
D2-W-SSP585 <0.0001  Decreasing -10.539 | <0.0001 Decreasing 3167 2541
D3-W-SSP585 <0.0001  Decreasing -11.689 | <0.0001 Decreasing 3175 2491
D4-W-SSP585 <0.0001  Decreasing -11.339 | <0.0001 Decreasing 3178 2530
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Figure 12- Changes in Rainfed Cotton Yield Under Different Climate Scenarios at Planting Date D1
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Figurel3- Changes in Rainfed Cotton Yield Under Different Climate Scenarios at Planting Date D2
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Figure 14- Changes in Rainfed Cotton Yield Under Different Climate Scenarios at Planting Date D3
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Figure 15- Changes in Rainfed Cotton Yield Under Different Climate Scenarios at Planting Date D4
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Table 7- Results of Trend and Change point Tests on Rainfed Cotton Yield Under Different Climate Scenarios at Various
Planting Dates

Climate Scenario\ Mann K?I'Z(:?” Trend Sen’s Pettitt Test Average Yield (Kg/ha)
Test p- Slope p- Change point Before After
value Trend Result value Result Mutation Mutation
D1-R-SSP126 0.503 No Trend 0.546 0.164 No Mutation 429 429
D2-R-SSP126 1.000 No Trend -0.020 0.814 No Mutation 398 398
D3-R-SSP126 1.000 No Trend -0.005 0.375 No Mutation 314 314
D4-R-SSP126 0.008 Decreasing -1.067 0.162 No Mutation 390 390
D1-R-SSP245 0.626 No Trend 0.320 0.450 No Mutation 396 396
D2-R-SSP245 0.220 No Trend -0.309 0.098 No Mutation 361 361
D3-R-SSP245 0.156 No Trend -0.336 0.467 No Mutation 285 285
D4-R-SSP245 0.000 Decreasing -2.004 0.016 Decreasing 465 247
D1-R-SSP585 0.995 No Trend 0.003 0.951 No Mutation 379 379
D2-R-SSP585 0.043 Decreasing -0.770 0.563 No Mutation 341 341
D3-R-SSP585 0.001 Decreasing -0.753 0.805 No Mutation 271 271
D4-R-SSP585 0.000 Decreasing -2.121 0.007 Decreasing 465 227
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Abstract

In this study the 38-year period of observed meteorological data of Hashem Abad station in Gorleston province north
of Iran was used to generated 80 years of climatic data under the SSP climate change scenarios by the Lars-WG
weather generator, to investigate possible impacts of climate change on irrigated and rainfed cotton in the region. The
calibrated SSM crop -weather model was employed for yield simulation. Trend analysis of yield times series was
performed using the Mann-Kendall and Pettitt tests. Four predefined different planting dates with 15-days interval
starting from June 5" were also considered as possible adaption options. During baseline period an increasing trend
of mean maximum and minimum air temperature and wind speed and decreasing trend in relative humidity was
observed. Annual precipitation did not show any significant trend or jump point. For the future period, an increasing
trend for annual precipitation, maximum and minimum air temperatures, under all three climate change scenarios is
projected. The irrigated cotton yield, except for 2 cases under the SSP245 scenario with earlier planting dates, under
most climatic scenarios and planting dates would decrease. The slope of these decreasing changes is greater under the
SSP585 scenario comparing to SSP245 scenario. However, the rainfed cotton yield is more influenced by the planting
date. The most delayed planting date shows significant yield trend and jump point with a greater slope. In rainfed
cultivation, annual yield fluctuations will increase in the future, and an average 1.5 t/ha increase for some years is
projected. Ultimately, some significant trends in climatic variables have been detected in this station and it is projected
to be further in future. Earlier planting of cotton can recommend. In case of rainfed crop, further investigation on
rainfall variability in future is required for more precise results.

Keywords: Climate Change, SSM, Rainfed, Cotton, Gorgan
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