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Extended Abstract

Introduction

Climate change is increasingly recognized as one of the most ¢ritieal challenges of the twenty-first century, with
far-reaching consequences for agricultural production and feod security. Global projections indicate that irrigated
rice yields may decline by 10-12% by 2050, even when excluding the fertilization effects of elevated CO-. Such
reductions are particularly alarming given the rapid growth in global food demand and the reliance of billions of
people on rice as a staple crop. In Iranjrice cultivation is coneentrated in the northern provinces, where indigenous
cultivars such as Tarom Domsiah are highly valued for their,quality and market preference. These traditional
systems, typically based on transplanting and flood irrigation, are highly vulnerable to climatic stresses, including
rising temperatures, altered precipitation pattemns, and increased water demand. Assessing their resilience under
future climate scenarios i$ytherefore essential for safeguarding national food security. The objective of this study
was to evaluate the resilienceiand adaptability'ef the Tarom Domsiah cropping system in Golestan Province using
the CERES-Rice modelywitha particular focus on sensitivity analysis of yield responses to changes in temperature
and precipitationfunder three,Shared Socioeconomic Pathways (SSP126, SSP245, and SSP585).

Materials and Methods \

Field experiments, were'conducted during the 2019-2020 cropping season on two one-hectare farms located in
Azadshahs, and, Minudasht counties of Golestan Province. The experimental design followed traditional
transplant—fleoding practices, including nursery preparation, transplanting at a spacing of 25 x 25 cm, and
continuous shaﬁx‘ﬂooding. Fertilization schedules included multiple applications of urea, superphosphate, and
potassium, whilepest and weed control were managed through chemical spraying and manual weeding. Detailed
records were maintained for sowing and transplanting dates, phenological stages (flowering, grain filling, and
physiological maturity), biomass accumulation, and grain yield. Soil samples were analyzed for texture, organic
carbon, nitrogen, phosphorus, and potassium, providing essential input data for the model.

Baseline climate data (1990-2020) were obtained from the Minudasht synoptic station and statistically
downscaled using the HadGEM3-GC31-LL global circulation model within the CMIP6 framework. Future
climate projections for the period 2031-2090 were generated under three SSP scenarios: SSP126 (sustainability-
oriented, optimistic), SSP245 (intermediate), and SSP585 (fossil-fuel-intensive, pessimistic). The CERES-Rice
model, embedded in DSSAT-CSM v4.8, was calibrated using field data from Azadshahr and validated with
independent data from Minudasht. Calibration involved iterative adjustment of genetic coefficients (P1, P2R,
P20, PS5, G1, G2, G3, and PHINT) using the GenCalc and GLUE interfaces, with optimization based on
minimizing the root mean square error (RMSE) and maximizing Willmott’s Agreement Index (d). Model
performance was evaluated using RMSE, normalized RMSE (NRMSE), and d to ensure close agreement between
simulated and observed values.
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Sensitivity analysis was conducted to quantify yield responses to incremental changes in temperature and
precipitation. In addition, resilience indices were calculated to assess the system’s capacity to maintain
productivity under climatic stress. Adaptation strategies, including shifts in planting dates and adjustments in
transplanting density, were simulated to explore potential mitigation options.

Results and Discussion

Calibration results confirmed the strong predictive capacity of the CERES-Rice model, with NRMSE values
below 10% and Willmott’s Agreement Index exceeding 0.9, indicating excellent agreement between simulated
and observed phenology, biomass, and yield. Sensitivity analysis revealed that rising temperatures, particularly
during the grain-filling stage, exerted a pronounced impact on yield. Under the optimistic SSP126 scenario, yields
increased by up to 18.6% relative to the baseline, reflecting favorable temperature and precipitation conditions.
In contrast, under the pessimistic SSP585 scenario, yields declined sharply by as much as 80.7%, accompanied
by substantial increases in water requirements. These results highlight the vulnerability of traditional transplant—
flooded systems to extreme climate scenarios.

Resilience indices indicated that under SSP126, the cropping system maintained relative produ%@{::y with limited
yield variability, whereas under SSP585, resilience declined markedly“and yield fluctuations imtensified. The
intermediate SSP245 scenario produced moderate outcomes, characterizéd by partial yield reductions and
increased variability. Simulations of adaptation strategies demonstrated that adjusting ting dates was highly
effective: planting on May 15 or June 5 consistently resulted in higher\yields‘and lowervariability compared with
late planting dates, which exposed the crop to elevated temperatures during tl‘\{lain—ﬁlling period. Adjustments
in transplant density also influenced yield stability, although their effects wereNess pronounced than those of
planting date shifts. Overall, these findings underscore the mmpertance of adaptive management practices in
sustaining agricultural productivity under climat€change.

Conclusion

This study provides clear evidence that traditional indigenous @ropping §ystems in Iran exhibit varying levels
of resilience to climate change depending on the scenario considered. Under optimistic conditions, the system can
sustain relative productivity, whereasyunder pessimistic seenarios, severe yield reductions and increased water
demand are expected. The results emphasize that, adaptation strategies such as adjusting planting dates and
managing transplant density can\play a crucial role imenhancing resilience and reducing production risks. These
strategies are cost-effegtive, practical, and aceessible to farmers, making them suitable for widespread adoption.
The study also highlights the value of integrating'resilience assessment with adaptation analysis. While adaptation
refers to proactiveimeasures taken to reduce wulnerability, resilience reflects the system’s inherent capacity to
maintain stability, andpsecoveryfrom stress. Evaluating both dimensions simultaneously provides a more
comprehensive understanding of'cropping system performance under climate change. The findings contribute to
the scientifigibasis for matignal policymaking in food security and water resource management, offering guidance
for elimate-smart agriculturalplanning. By integrating process-based crop modeling with scenario analysis, this
research demonstrates how traditional systems can be systematically assessed and strengthened to address future
challenges. Ultimately, the’combined resilience—adaptation approach offers a practical framework for designing
evidence-basech&licies that support sustainable agriculture and ensure food security in the face of climate change.
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Fig 2. Calibration of the observed and simulated canopy cover values during the rice growth period
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Table 5. Measured and simulated values for plant phenological days of the CERES-RICE model

Maturity date Anthesis date
Oy TB1Y LN TB1Y Treatment
Error Simulation Observation Error Simulation Observation slows
(%) bs & lwd S rSojll (%) bs & lwd S S o)l
Calibration
7.00 89 97 6.0 56 62 o
9
Validation
-1.00 89 88 -5.0 56 51 o
i G
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Table 6. Measured and simulated biomass and yield values of CERES-RICE anodel

Grain yield Biomass
4l 3 ,Slos SG5e) g o Sloe ) Treatment
Error Simulation Observation Error Simulation Observation slow
(%o) Uz &by G350l (Yo) Uas 3L T G50l
Calibration
417 4333 4750 912 10074 9162 L
[Eaadl]
Validation
450 3250 3700 -1152 9274 8122 o
y ‘.57(_\.MJ —one
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Table 7. Performanceof CERES-RICE model
2
d NRSME RMSE R . Parameter Treatment
By el sud Jlop slhs luadlly, Lol eddyy O T Jole slows
0.98 9.68 6.00 0.97 Anthesis date
0.99 9.95 912.0 0.99 Grain yield Calibration
0.96 8.78 417.0 0.98 Biomass N
0.97 4.66 0.11 0.99 LAI max S
0.98 8.2 8.00 0.98 Maturity date
0.967 980 5.00 0.96 Anthesis date
0.97 1.97 443.00 0.99 Grain yield Validation
0.95 14518 1152 0.97 Biomass o
0.93 \ 14.17 0.23 0.99 LAI max T e
0:99 1.14 1.00 0.99 Maturity date
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Table 8. LARS-WG evaluation

p-value \ Parameter
Dec Nov Oct Sep Aug Jul Jun May Apr Mard Febyw Jan
09 012 082 023 09 094 038 0.87 0.61 10.12 05 051 Rain
061 096 035 074 003 053 019 078 0.14y 091/ 083 70.89 Tmin
077 007 02 044 036 072 035 095 0.04 0. 0/57 0.11 Tmax

091 001 06 08 024 061 044 072 0.821 093 0.11 0.93 Radiation
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Table 4. Modeling resultsifor the base and the future periods at the studied stations (crop growth period
from May to October)

ETo/EToniss Tm -nghist Tmin-Tminnist R/Ruist C0: Time Scenario
X (ppm)
862:4 32471 19.66 103.78 389.01 1990-2020 Base
0.99 1.7 1.4 1.08 455.7 2031-2050
1.05 \ 2.3 2.0 1.36 427 2051-2070 SSP1-2.6
104 2.3 23 1.79 465.7 2071-2090
1.04 1.8 1.6 1.06 4753 1990-2020
1.05 2.7 2.7 1.53 536 2031-2050 SSP2-4.5
1.1 4.0 3.5 1.27 582.3 2051-2070
1.06 2.6 2.2 1.11 505 1990-2020
1.09 4.0 3.7 1.33 650 2031-2050 SSP4-8.5
1.15 6.4 5.9 1.22 868.7 2051-2070
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Table 10. Assessment of grain yield changes %its ilience under climate change

Percentage of Percentage of

Minudasht Azadshahr Time
changes ) changes e
Ol s’ B0y Cuddgine Ol s’ B0 50 13! ol
Kg/ha Kg/ha
4360.43 4668.33 Hist: 1990-2020
18.66 5174.20 17.12 5467.55 SSP126: 2031-2050
7.64 4693.60 5.31 4916.30 SSP126: 2051-2071
0.37 4376.60 -0.84 4629.25 SSP126: 2071-2091
28 1.05 Resilience
6.57 5.73 RI
12.65 4910215 13.60 5303.40 SSP245: 2031-2050
-1.82 438&()5 -4.46 4460.35 SSP245:2051-2071
~30.31 38.95 -36.06 2985.05 SSP245:2071-2091
1.1 0.89 Resilience
\Qm 3.38 RI
=1.34 4302.15 -3.14 4521.90 SSP585:2031-2050
-30.71 3021.55 -36.77 2951.75 SSP585: 2051-2071
-70.84 1271.35 -80.78 897.25 SSP585: 2071-2091
0.77 0.59 Resilience
2.07 1.66 RI
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Table 11. Mean and standard deviation of grain yield changes in different classes of the referenced
evapotranspiration changes under climate change conditions

Minudasht Azadshahr
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Average yield Average yield Number of ;s ol s Scenario

Stal.ldé.lrd changes Stal.ld?;lrd changes years ) 0 Gy g0l

dev1a‘t10n. i aSileo dev1a.t10n. IR L lw slax dETo

Jro Sl 5,Skos Jlme Syl 5 ,Slos classes

kg/ha kg/ha mm
- 1312.6 - 518.7 1.0 -50 SSP125
+711 607.9 +906 555.2 26.0 0 SSP126
+703 218.9 +851 209.4 30.0 50 SSP126
+121 -140.4 +329 -357.7 3.0 100\ SSP126
- 1078.6 - 208.7 1.0 -50 SSP245
+702 470.8 +888 531.4 19.0 0 SSP245
+678 -333 +891 -69.8 20.0 50 SSP245
+739 -1146.1 +881 -1409.2 17.0 100 SSP245
+359 -1596.4 +208 -2386.3 4. 150 SSP245
+801 -279.4 +198 -427.3 3.0 0 SSP585
+948 -552.2 +1087 -6359 25.0 50 SSP585
+981 -1255.2 +1193 -1797.4 12.0 100 SSP585
+676 -2969.0 +693 -3432.2 13.0 150 SSP586
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- 250.0 - 250.?)\\ | 250 SSP585
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Table 13. Mean and standard deviation of grain yield changes in different classes of minimum
temperature changes under climate change conditions

Minudasht Azadshzlhr il Scenario
et aa e0l31 Number o 52l
Average Nd . of years il
Stal.ldz}rd changes Stal.ldz‘\rd Average yield Slaxs sbeo o5k
(T:Z:lzt‘lon'| et d::lz:ét‘mn.‘ . change.s L bl Jolos Juwes,
4 kg/ha kg/ha mm
+655 709.7 +849 618.9 31.0 1 SSP126
+635 43.5 +806 33.6 29.0 2 SSP126
+602 551.7 +790 635.1 20.0 1 SSP245
+695 -68.7 +790 -167.4 18.0 2 SSP245
+697 -1217.3 +909 -1582.3 22.0 3 SSP245
+638 -58.3 +773 -146.4 20.0 2 SSP245
+662 -1338.9 +832 -1716.6 20.0 3 SSP585
+406 -2965.4 +599 -3876.1 16.0 5 SSP585
+190 -3583.7 +953 -3351.1 4.0 6 SSP585
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Table 14. Mean and standard deviation of grain yield changes in different classes of precipitation changes
under climate change conditions

Minudasht Azadshahr
Caisd o | aib Scenario
Average yield Average yield Number of O Pl
Starlldz.lrd changes Stal‘ldz.ll‘d changes years ) - S (aSileo
deviation G il deviation G oosil, | edleolss o
PP ol VP ol (mm) dP 5 ySdas
S ySlos S ySlos
kg/ha kg/ha mm
+311 308.9 +613 640.3 6.0 0 SSP126
+744 4741 +1042 465.5 22.0 100 SSP126
+836 295.5 +746 164.3 22.0 200 \ SSP126
+713 492.6 +1035 360.0 7.0 300 SSP126
+490 342.9 +341 -18.3 3.0 wo SSP126
+957 -684.6 +1275 -478.2 8.0 SSP245
+904 -674.2 +1040 -864.1 24, 100 SSP245
+951 116.2 +1429 -38.4 24.& 200 SSP245
+855 471.6 +386 90.7 4.0 300 SSP245
+1425 -1371.4 +2169 -1573.7 3.0 0 SSP585
+1352 -1535.0 +1370 -1687.5 16.0 100 SSP585
+1537 -1525.2 +1917 -1698\ 22.0 200 SSP585
+1357 -1450.1 +1651 -2232.9 17.0 300 SSP585
+1315 -1422.4 +1336 -2814.3 2.0 400 SSP585
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