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As a strategic crop in Iran's economy, saffron is highly vulnerable to climate change. Analyses indicate that
extreme events such as frost during the flowering period and prolonged droughts are key factors in reducing saffron
yield. This study aims to analyze trends in extreme temperature and precipitation indices and model their impact
on saffron yield using multivariate regression. Data on daily low and high temperatures, as well as rainfall from
1990 to 2020, were collected from weather stations in Torbat-e Heydariyeh and Kashmar to calculate extreme
climate measures using the ETCCDI method, which was applied using RClimDex software. Saffron yield data
were obtained from the Agricultural Jihad Organization. Trend analysis indicated that annual precipitation has
imposed a significant decline. Extreme temperature indices (TNm, TMm, TXm, WSDI) and heavy precipitation
indices (R99p at both stations and R95p in Torbat-e Heydariyeh) exhibited significant decreasing trends (p < 0.05).
For Kashmar, the multivariate regression model incorporated four extreme indices (R* = 0.70, RMSE = 0.49,
NRMSE = 16.4%). Key predictors included ID (p = -0.14, the strongest yield-reducing factor), extreme low
temperatures or TNn (p = +0.10), tropical nights (TR20), and consecutive dry days (CDD) negatively impacted
yield. For Torbat-e Heydariyeh, the model demonstrated higher accuracy (R? = 0.83, RMSE = 0.43, NRMSE =
15.9%). Significant predictors were TXn (f = +0.18) and frost days or ID (B = -0.12) as the most positive and
negative drivers. Overall, temperature variables—particularly nighttime temperatures—dominated yield
variability. These findings provide a foundation for climate-smart saffron cultivation planning in similar semi-arid
regions. Mitigation strategies should prioritize thermal regulation (e.g., altitude selection, mulching) and water
management to offset warming-induced stress.
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Table 1- Extreme temperature and precipitation indices of the Expert Team on Climate Change Detection and Indices
(ETCCDI) used in this study (Zhang et al., 2011)
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Min TX C . . .
(TXn) The lowest daily maximum temperature recorded in a month.
Wljg) deS slod (ke oC Wljg) daS slod (ke
Mean TN?(TNm) The average of daily minimum temperatures in a month.
Apd gl (1SSle ) ) _
Xl °oC &9, ain (slod (pSSbe
2 The average of daily maximum temperatures in a month.
Mean TX(TXm)
lig) slod 1Sk oC olo 4 > aljyy slaled (ke
Mean TM (TMm) The average of daily temperatures in a month.
a8 slod (o 5SS oC olo > aieS (slod aineS
Min TN (TNn) The lowest daily minimum temperature recorded in a month.
)5 0y Job sl 5l Lo )93 pl A St 1 e ailjgy slod (aily 59y & S8l a5 Jlo | olajg) Slass
Warm Spell day The number of days in a year when the daily maximum temperature
Duration Index exceeds the 90th percentile of the baseline period for at least six
(WSDI) consecutive days.
ey ool A3 o 0399 pl V0 St 51 5 o8 e (slas Jlgio g, 5 oo o o J gy, shas
0 )3 3 . ; - .
Cold S}iell Duration day The number of days in a year when the de}lly minimum temperature is
Index (CSDI) below the 10th percentile of the baseline period for at least six
consecutive nights.
S59y Sl slod alels Slb g dljs, slod dlale (ke cgles
Daily temperature °C The difference between the monthly average of daily maximum
rang (DTR) temperature and daily minimum temperature.
059y Sy )l Ak
Maximum 1-day mm olo )3 o & 0j9,Se ()l (il
Precipitation The highest single-day precipitation recorded in a month.
(RX1day)
5,b ud ool 4les
o VLo (oo V J5115) (5l sl A s oS &Y e S o
. : %) . day mm! The total annual precipitation divided by the number of wet days (days
Daily PR intensity with at least I mm of precipitation).
(SDII)
Sis Jlgze sl 3L o V3l a8 ()l oS Jgte (slajg, slass o it
Consecutive Dry day The maximum number of consecutive days with precipitation less than
Days (CDD) 1 mm.
sk e Jlgie sl 3L taden Nl st 5L 48 Jigte slajy) G oyt
Consecutive Wet day The maximum number of consecutive days with precipitation greater
Days (CWD) than 1 mm.
Sjgy bl S5 e I A et fu . ]
o o (38l yut plo e 5l JBlas ()1 Jlade) ooy (sl a¥Le ()l JS lade
et mm The total annual precipitation on days where precipitation is at least 1
Annual total wet- mm.
day PR (PRCPTOT)

1- Maximum temperature
2- Minimum temperaure
3- Precipitation
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T SR day The number of days in a year when the daily maximum temperature
Ice days (ID) Y Y y P
Y remains below 0°C.

aljs) sk AVl ggacme

10280 Wil Foke S Gl s albjoy ) oaa] oty 6Ll 30
Annual total PRCP mm Total annual PR from heavy rain days

when RR > 95th

percentile (R95p)
alig) bl 4Vl gsaoee

122 W8 el §l e ok s (s G olijsy el sty 6L )b g
Annual total PRCP mm Total annual PR from very heavy rain days

when RR > 95th

percentile (R99p)
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Start Research

Literature Review

:

Hypothesis Formulation

Data Collection

» Meteorological Data
(Daily Tmax/Tmin/Precip)

Source: Iran Met. Org.

-

= Agricultural Data
(Annual Saffron Yield)
Source: Ministry of
Agriculture

-

Extreme Indices Calculation
(Climdex in R)

}

for example: CDD, R20mm

Multivariate Regression

(sPSS)

!

Model: Yield = Bo + P1(Tmax)
+ B.(CDD)

validation: R?/p-value/VIF

Results & Conclusion

((aiios (gl aidly 1) gy wial,d - Y JSCd
Figure 2- Research flowchart (Source: Research findings).
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Table 2- Observed changes in extreme precipitation indices trend at Kashmar and Torbat-e Heydariyeh stations (Source:

Research findings)
oS Wy S i
St ol Kashmar Torbat-e Heydariyeh
il woles ) ) 3 > ] .
Index/Station oo Gwees P olake ofSbe O P lade
Avergae Sen's slope p.yalyue Avergae Sen'sslope P-value
s N ‘ . Lh
] e slajs) 151.3 -1.01 0.27 134.9 0.11 0.88
Consecutive Dry Days (CDD)
o lsza sl
j ’b 7 e slajss 0.01 0.66 254 -0.008 0.759
Consecutive Wet Days (CWD)
059y S UL Al
-0.25 0.17 29.6 -0.37 0.074
Maximum 1-day Precipitation (RX1day)
059y B (Bl Al
40.9 -0.35 0.29 49.5 -0.52 0.192
Maximum 5-day Precipitation (RX1day)
Yo © 59, 9,b 134
Lo osboye slajsy bl J5 e 188.1 -0.98 045 248 -2.93 0.092
Annual total wet-day PR (PRCPTOT)
i 5L Al eolw wled
39 L S8 0% & 0.003 0.89 6.7 -0.03 0.204
Daily PR! intensity (SDII)
202 A8 Wil ey ligy ke Lo ggecne -0.82 027 521 15 0.048
Annual total PRCP when RR > 95th percentile (R95p)
223 A1 sl I o ‘\5‘}5) u*‘)l) AYLlo & *().74 0.009 14.7 J1.13%* 0.021

Annual total PRCP when RR > 95th percentile (R99p)

oy O o jd lolize ®
* Significant at 5% level.

dx5i L(WSDL, SU) 5 ¢ clojo; gomed p5 oled slo

Sl iol38) aals yeislS olSsums] odel Cunts P jlaco 4

d»)—"”ﬁu“)“\-‘duuél-ibwijl
o b blsyl .03l o (Modarres & Sarhadi, 2011)

1- Precipitation
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Tabari & Hosseinzadeh ) ldizs 5y sladazil,
Bblo 0 p)S slojey Jlg (iulidl p awe (Talaee, 2011

b Slgten Suid g Siid days
Olaie ar ol Gglatie o8] 93 oy asles Sy > lyuss

Sy dyhe Co s ol 40 i slod )38l ¢ Jle

SLABL 1asie) 4 s Sy g peadlS 8] 93 3 (lod (2,8 (slrasled JINS - p0 (903 Jloial jlade g o s (uKile T Jga

( .
Table 3- Observed changes in extreme temperature indices trends at Kashmar and Torbat-e Heydariyeh stations (Source:
Research findings)
e Co Pt
Bl I/ 4 b Torbat-e Heydariyeh Kashmar
Index/Station P lade o cund oSl Polaie e o ol

P-value  Sen's slope  Avergae P-value Sen's slope  Avergae

Loy 0190 Jg ol

) 0.266
Cold Spell Duration Index (CSDI)
o7 2292 b 4l 0.069
Warm Spell Duration Index (WSDI)
Jasy sla
Oy o)) 0.189
Frost days (FD)
s elos 4 .
. als glo> aiely (555, 0.068
Daily temperature rang (DTR)
ali) glod (xSke 0
Mean TM (TMm)
ailjgy aineS (slod (Sl 0
Mean TN'(TNm)
oS glod i Ss
S o> 02y 255 035
Min TN (TNn)
algy dind (slod (Sl 0
Mean TX(TXm)
Ak slod (2 5SS
Min TX 0.21
(TXn)
P Lod v G5y
s £ 0 0.284

Max TX? (TXx)

-0.12 3 0.81 -0.04 3.7
=27 5.4 0.04 0.29 6.3
-0.34 71.9 0.53 -0.13 333
0.02 13.2 0.057 0.02 11.8
0.05* 14.6 0.002 0.05% 18.1
8 0.003 0.04# 12.2

0.06 -13.3 0.31 0.05 -1.5
21.2 0.001 0.06 24.1

0.06 -1.6 0.36 0.05 1.1
0.54 42.6 0.04 0.04 414

oy O e )5 lolize ®
* Significant at 5% level.

Lilo (o> LA sbholyy £o8g yiuliEl (S ook, yials

o il 38l o SWHL ials 4 poxie Slgs e Lo i3]

1- Minimum temperaure
2- Maximum temperature
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