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Abstract To address climate warming and the increasing frequency of extreme weather events, this study aimed
to design and optimize cropping patterns for agricultural production in agro-pastoral ecotone of northern China.
Based on long-term field trial data on 11 crop rotation patterns for 4 crops in Zhangbei County, Hebei Province,
the APSIM model (Agricultural production systems simulator), which had been calibrated and validated, was
employed to simulate the yields of 228 crop rotation patterns under 8 climate scenarios (3 warming scenarios,
3 extreme precipitation scenarios, and 2 coupled scenarios of warming and extreme precipitation) in the region.
Subsequently, the production capacity, ecological, and economic benefits of different crop rotation patterns
were compared and analyzed through life cycle assessment, carbon footprint assessment, and input-output
methods analysis. The results indicated that rising temperatures reduced the average 10 years total energy
equivalent yield, average 10 years total comprehensive income, and average soil carbon sequestration across
228 crop rotation patterns, with respective reductions of 9. 85%-38. 02%, 13.61%-54.99%, 26. 25%-85. 08%.
In contrast, rising temperatures increased the average 10 years total net carbon emissions of 228 crop rotation
patterns by 51. 19%-165. 89%. Under the scenarios of temperature rise coupled with extreme precipitation, the
faba bean-oat rotation pattern had the highest 10 years total energy equivalent yield, the potato-faba bean
rotation pattern had the lowest 10 years total net carbon emissions, and the faba bean-potato rotation pattern
had the highest 10 years total comprehensive income. However, with the increase in extreme precipitation
intensity, the yield increasing, income increasing, and emission reduction capabilities of the 228 crop rotation
patterns all decreased. The findings of this study provide scientific basis for formulating multi-objective and

coordinated diversified cropping strategies in agro-pastoral ecotone of northern China, ensuring food security
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under climate change and promoting sustainable agricultural development.
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Table 1  Carbon footprint per unit area of different crops in the process of crop rotation

I H Ttem M Oat 44 % Potato  #t K Faba bean R Flax
¥ Seed 174.00 121. 80 28.32 37.35
% JIE Nitrogen fertilizer 446. 40 1 190. 40 297. 60 595. 20
5 I8 Phosphorus fertilizer 68. 40 109. 44 17.10 85.50
4 24 Pesticide 17.11 17.11 17.11 17.11
52910 Diesel 180. 28 160. 36 285.65 214.47
N T. Artificial 7.05 7.05 7.05 7.05
N,O HEji& N,O emission 558.43 1489.15 372.29 744.57
# it Total 1451.67 3095.31 1025.12 1701.25
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TL 86 2 °C3 T2, Wi 4 °Cs T3, 18R 6 °C EL, B Sy B K i 150 mm; E2, 55k 8K B K 6t 300 mm; T1EL, B4R 2 °C, e KBk K i 150
mm; T1E2, 8 2 °C, fe R FEK B 300 mmo B4 1R
T1, warming of +2 °C; T2, warming of +4 °C; T3, warming of +6 C; E1, maximum single-event precipitation of 150 mm; E2, maximum
single-event precipitation of 300 mm; T1El, warming of +2 °C and 150 mm maximum precipitation; T1E2, warming of +2 °C and 300 mm
maximum precipitation. The same as Figure 4.
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Fig. 1 TImpacts of 8 climate change scenarios on the average productivity-ecological-economic benefits

of 228 crop rotation patterns
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The article includes too many crop rotation patterns. After ranking the evaluation indicators of the 228 crop rotation patterns by numerical value,
the top 50 were selected for display. In the figure, Y represents Oat, M represents Potato, C represents Faba bean, H represents Flax, and X

represents fallow land. The same below.
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Fig. 2 Productivity-ecological-economic benefits of 228 crop rotation patterns under T1E1 climate scenario
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Fig. 3 Productivity-ecological-economic benefits of 228 crop rotation patterns under T1E2 climate scenario
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Average annual energy equivalent yield of 4 crops under 8 climate change scenarios
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