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Abstract

Background and Objective: The sensitivity of agricultural crops to climatic fluctuations is well-documented. However,
assessing the impact of future climate scenarios on the phenological stages of key crops in Mazandaran province—a
region with distinct climatic diversity and cultivation practices—remains a critical research need. This study aims to
project changes in extreme temperature indices and their subsequent effects on the timing of phenological stages for key
agricultural crops in Mazandaran province under different climate change scenarios.

Methods: Minimum and maximum temperatures for future periods under the SSP245 and SSP585 scenarios were
simulated and statistically downscaled. Extreme temperature indices were then calculated using the RClimDex software.
Breakpoints in these indices were identified using the Pettitt test and spatially mapped within a GIS environment.
Subsequently, by integrating available climatic and plant data with the ChillR model, phenological shifts for horticultural
(citrus, kiwifruit and peach) and field (rice and rapeseed) crops were projected under the SSP245 and SSP585 scenarios
and compared against the baseline period (2000-2020).

Results: The results indicate that in the future, heat-related indices such as the number of hot days, warm nights, and the
length of the warm period will show a significant increasing trend. Conversely, cold-related indices such as frost days
and the length of the cold period will decrease. Furthermore, the findings suggest that rising temperatures will shift the
cooling and heating phases, leading to either a delay or an advancement in the flowering time of different crops. Climate
change may also positively affect the yield of some crops, such as kiwifruit.

Conclusion: Increasing temperatures under future scenarios will lead to shifts in plant phenology, alterations in the
suitability of agricultural lands, and impacts on farming profitability. These projected climatic impacts underscore the
importance of adjusting planting calendars and adopting climate adaptation strategies in sustainable agricultural
management.
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Fig. 2. Spatial distribution of temperature extreme indices with significant breakpoints in the future period before and after the year
of the breakpoint (change) under the medium-range scenario



Sl 505l 9 XYy 5,8

\f"O/J‘,‘ UL@J/VA-\A.A JLA/AL_.?J\SBJQ[’)

YoFY Jlo 5l oz — bawgiio us g3 ylw — TXX

Ly Kilometers 27 275 28 285 29 295

30 305

YoFY Jlo 31 Jod - bwgio as g9 b - TXX

36°30'0"N 37°0'0"N

36°00"N

32/ 32.5

SIgEs15 33

01020 40

TXX(CCO) s

YOPY G ) 3 - baigia da g e - TXOOP

_I L Kilometers

YAFY Sl 3 08 - Jagia aa gy b - TXO0P

9
TX90P (%) | [ |

01020 40

Ye¥0 Jlo 5l ar - bugio u> g,Uuw - CSDI

Ly Kilometers 3

01020 40

CSDI (day)

Yoo Jlo 3 Jud — bawgio o> g1,Luw - CSDI

18 21

24

BT [ [ [

27 30

XSS sl

Fig. 2. (Continued)

Ll 0355 o s a3 53 WWO-YV/0 Lisle 56 55 Les
Sl il S 5 sbe e 56 51 Sles eagdoee opl (Il
el gl oy 0 L sline Suls o 2050 okl (sl gl
sl S 5 ple e 5B L3 Ly SOl 3 doe S (6 sba
VA=YA 5 YP-TV/0 odgdme 5 ol S buge g5k (6l
5 54 (SSP585) wluy syl (gl bl wgnd a5
30 53 et (F JK8) ol o grends 453 YFYY 5 YO-F)
23 S o g edlisee slag sl gl ol S 5 Aol

A el (s 5 s bl ) gaS 234885 Ol

old LS o 2345 S5 Oloy 53 kS Comge g aBly 2058
Ll o0 4 Cams (234380 w55 Sas S sba
s el 348,803 Ol 3 b SOl oS asl il 53l
bl s al ey 5o (saS pead S0 Ol ps i
ol o33 0L (o> sy ¥ ISCE) eyl e (gla sy sl
3 sl S 5 hle e 50 ke 53 $5S Jpame sl S
(SSP585) wiluads 5 (SSP245) Law sie Il o] (gla gy sl
Sl 03 5doms ol 0553 53 3 el sline b0y b

u,:il.:c 039 de 5w sendor a3 YTV obe o 5B s Les

\of



e S Sl g b g gl @B s ST by Sl 55060 5 A3y 9,58

0T 4007E 5120 0°E 52°00°E STAV0E S300°E S54°00°E SCM0E  STT00E ST00E STOE | SINVE $00E

YT Jlo 5o - ailiody g2 b - Lod ainden TXY Jlo 5l Jed - ailiwiy g0l - Lod i

N

0N

U IKitomeeers 185 19

fnm % Les ity ("C)

S0°a00'E ST0NE SX00E S2ACUE S5200°E S4V0'E SIFa00"F S1°200°F STOVE S240'E B3 20°0°E S400E

Yory Jlo sl am - allow )0 - Lo &eS

r‘.’ U IMn

o020 4 s s (°C)
Y08 Jlo 3l o - ailiuws g 5bes - TXN Y08 Jlw 3l s - wibiows ¢t - TXN g
3
H
8
z

nieze 4 m(oC)

YoFY Jlo 5 Jd - ailiaws 5 ,Lue - TNX TPV Jlo 5lam - wiliow et - TNX

185 19 195 20 205 21

x)t..ug;;rj(M)w&kﬁij}jdbj\MJJ@@&T@)J}JJJ‘J&MWM&‘)‘J Los 6.;\9-5&4.:[.4.- JK‘@J}; .“Jﬁ
Sl

Fig. 3. Spatial distribution of temperature extreme indices with significant breakpoints in the future period before and after the year
of the breakpoint (change) under the pessimistic scenario
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Fig. 4. Changes in citrus, kiwifruit and peach flowering time in the baseline period and also based on moderate and pessimistic
scenarios
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Fig. 7. Changes in rapeseed flowering time in the baseline period and also based on moderate and pessimistic scenarios
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Fig. 8. Changes in rice flowering time in the baseline period and also based on moderate and pessimistic scenarios
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