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Extended Abstract

Introduction: Increasing water scarcity and accelerating climate change have made the
transition toward low-water-use, high-value crops essential for ensuring agricultural
sustainability in Iran’s arid and semi-arid regions. Saffron (Crocus sativus L.) — with
water requirements coincide with natural rainfall from autumn to early spring and a
dormancy period throughout the hot, dry summer — represents a strategically valuable
crop for these environments due to its drought tolerance and high economic return.
Despite suitable ecological conditions, the cultivated saffron area in Fars Province
during the 2024-2025 agricultural year was only 976.89 ha, with an average yield of
4.01 kg ha' — well below the crop’s potential productivity. This situation reflects
spatial mismatches between cultivated sites and areas of favorable ecological capacity.
The main objective of this research was therefore to delineate saffron-suitable zones
across Fars Province using a spatially explicit, multi-criteria framework integrating
biophysical and infrastructural factors to inform targeted development policies. This
study, for the first time in Fars Province, simultaneously evaluates climatic, physical,
and accessibility—infrastructure criteria, while previous research in other provinces
focused primarily on natural parameters.

Materials and Methods: The research employed a quantitative, descriptive—analytical
design integrating the Analytic Hierarchy Process (AHP), Geographic Information
System (GIS), and fuzzy logic. Twelve parameters were evaluated, grouped under three
main categories: (1) Climatic: annual precipitation (optimal range: 200—400 mm), mean
annual temperature (12-21 °C), and minimum (5-15 °C) and maximum (18-30 °C)
temperatures; (2) Physical: elevation (1,000-2,500 m), slope (<10° for high suitability),
aspect, soil texture (loam to silty loam), and land use; (3) Accessibility—Infrastructure:
distances to road networks, population centers, and rivers. Weights were derived from
pairwise comparisons conducted by 26 experts in agronomy, soil science, and urban—
rural planning, all with at least five years of professional or academic experience in the
province. Spatial datasets included a 30-m NASA DEM, long-term climatic records
from 29 meteorological stations, land use maps from the Forests, Rangelands and
Watershed Organization, and soil data from the Soil Grids global database. Layers were
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standardized using linear fuzzy membership functions and integrated via a weighted
fuzzy overlay in GIS. The final zoning was classified into five suitability levels using
the Natural Breaks (Jenks) method and validated against official saffron cultivation and
production data for 2024-2025.

Results and Discussion: The results indicated that the climatic criteria exerted the
highest influence (weight=0.54), with annual precipitation identified as the most
critical sub-criterion (sub-weight =0.45), followed by mean annual temperature (0.26)
and maximum temperature (0.17). Within the physical group (weight =0.30), elevation
(0.41) and slope (0.28) were the most decisive, while in the infrastructure group
(weight=0.16), the distance to road networks showed the highest importance (0.54).
The consistency ratios for all comparison matrices were below 0.1, confirming logical
expert judgments (average=0.02). Spatial modeling revealed that 24.98%
(30,538.71 km?) of the province is highly suitable, 30.98% (37,877.80 km?) suitable,
and 23.93% moderately suitable, indicating that more than 55% of Fars Province has
favorable ecological potential for saffron cultivation. Only 4.29% (5,246.02 km?) of the
province was classified as unsuitable, corresponding mainly to hot southern counties
(Lar, Lamerd, Khonj) and steep northern slopes (Izadkhast, Bavanat). Model validation
confirmed a 96.70% spatial concordance between actual cultivated areas (944.7 ha out
of 976.89 ha) and predicted suitable classes, as well as 96.74% conformity with total
provincial production (3.80t of 3.93t), demonstrating strong predictive power and
model reliability.

Conclusion: The integrated AHP—Fuzzy—GIS framework reveals that Fars Province
possesses extensive but underutilized potential for sustainable saffron cultivation. The
wide gap between potential (over 55% of provincial area) and current utilization
(<1,000 ha) highlights the lack of spatially informed policy. The study’s zoning map
provides a scientific basis for smart, evidence-based agricultural planning, including:
(1) prioritizing governmental incentives (subsidies, credit facilities) for highly suitable
and suitable zones; (2) improving moderately suitable areas through supplemental
irrigation and soil management; (3) prohibiting saffron cultivation in unsuitable zones
to prevent resource waste; and (4) developing a regional saffron value chain through
local processing and branding (Fars Saffron). Although model accuracy was high,
constraints such as the temporal resolution of climate data and expert subjectivity in
weight assignment must be considered in policy implementation. Overall, this spatial
decision-support framework contributes to improving water productivity, enhancing
farmers’ incomes, and promoting sustainable rural economic development under
ongoing water scarcity conditions.
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Table 1. Hierarchical structure of the AHP model for saffron land suitability assessment

Lo @ lexa 5 oty
Criteria Group Sub-criteria Description
ILRERVS ol bl 5o ke cnS antune sblie (gaiaig V e
Overall Goal Land suitability zoning for saffron cultivation in Fars Province Level 1
ewbiblga— o 3l 4Ylo .5Le sles Mean annual temperature Levels 2
Climatic Lo ST Lawgie Mean maximum temperature and 3
Lo J8la> lawgie Mean minimum temperature
o ¢lis | Elevation (m) Levels 2
Physical (4> ,5) s Slope (degree) and 3
2l g8 Land use
S calSoil texture
ool Cu> Aspect
Sy g o yid Distance to road networkslaesl> asiis 3 alold Levels 2
and 3

Accessibility &
Infrastructure

Distance to population centers ez ;51,0 5l alols

Distance to riversalsog, ; alols
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Table 2. Weights of criteria and sub-criteria affecting land suitability for saffron cultivation using
the Analytic Hierarchy Process (AHP)

L )lxo L )lxo 5 5 Loleo iy Lbxe iy GEWLES
Criteria Group Sub-criteria Sub-criterion Criterion  Consistency
Weight Weight Ratio (CR)
swlidlan- o sl Yl o)L 0.45 0.54 0.03
Climatic Annual precipitation
aVlo (pSilo (sloo 0.26
Mean annual temperature
Lo iSTos lawgle 0.17
Mean maximum temperature
Lo Jla> lawgie 0.12
Mean minimum temperature
o ped slas )| 0.41 0.30 0.02
Physical Elevation (m)
Slope (degree)
3 sls 0.16
Land use
S cal 0.06
Soil texture
o S 0.09
Aspect
5 (g o osl> a5l alol 0.54 0.16 0.01
S Distance to road netwgrks
Accessibility & S 5150 5l alals 0.30
Infrastructure Distance to population centers
0.16

ailog, 5l alols
Distance to rivers
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Table 3. Georeferenced climatic data for input into GIS (Source: Statistical Center of Iran, 2023)

3l e X M orSilo oo VLo Bl Bl bawgie  piSTas Lo
(Longitude) (Latitude)
County Yl Annual oo Lo
Mean Annual Prec(ﬁ:;e;tlon Mean Mean
Temperature Minimum Maximum
(°C) Temperature Temperature
(<) (C)
ool 52.62 31.20 14.40 136.40 6.70 22.10
Abadeh
RAESWN 53.28 29.94 18.60 237.30 11.90 25.40
Arsanjan
b 54.05 29.14 17.50 251.80 9.60 25.50
Estahban
L8 53.72 28.90 19.40 286.30 10.90 28.00
Fasa
Qe S5O 52.89 29.92 17.70 284.20 9.30 26.00
Persepolis
(Takht-e Jamshid)
050959 52.47 30.18 17.70 451.50 11.00 24.40
Dorudzan
oy 52.70 29.78 16.50 301.50 7.90 25.20
Zargan
3 s 52.60 29.54 18.20 314.70 10.20 26.10
Shiraz
Selio 53.16 30.59 12.10 201.60 3.50 20.70
Safashahr
PO 54.35 29.19 19.60 193.50 13.20 26.00
Neyriz
Tl 51.56 30.70 15.00 790.10 7.50 22.60
Yasouj
& Ulgy 53.61 30.48 14.00 218.50 6.80 21.10
Bavanat
o3l 52.63 30.90 13.10 320.50 6.40 19.80
Eqlid
Celgo 3 52.13 31.53 13.90 155.50 6.90 20.80
Izadkhast
Ol 52.01 30.23 15.20 640.20 10.10 20.40
Sepidan
o 51.55 31.42 12.80 506.20 7.50 18.10
Semirom
o> 53.53 28.48 20.80 276.70 12.40 29.30
Jahrom
09,3 51.65 29.60 23.20 370.00 15.80 30.50
Kazerun
5,0 53.20 27.36 25.60 211.30 17.00 34.30
Lamerd
PSSO A JP% 51.54 30.07 21.30 479.70 12.90 29.60
Nurabad
Mamasani
B35 54.43 28.37 23.20 218.70 15.30 31.40

Zarrin Dasht
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Table 3 continued. Georeferenced climatic data for input into GIS (Source: Statistical Center of Iran, 2023)

O3l ytes X Y oo slod AVl Byl JBlas bwgie  iSTas bwgio
(Longitude) (Latitude)
County YL Apr!ual_ Lo (P
Mean Annual Pretzlrﬁlr’:]z;tlon Mean Mean
Temperature Minimum Maximum
(°C) Temperature Temperature
() ()
N 54.37 27.67 23.80 208.90 15.60 32.00
Lar
Oleds! 51.71 32.52 16.40 124.70 9.30 23.60
Isfahan
b 50.16 30.05 19.90 239.68 26.50 31.15
Deylam
= 53.42 27.87 25.70 246.50 17.90 33.50
Khonj
)55 53.06 28.48 25.70 306.90 19.00 32.40
Qir-o-Karzin
obTjg 8 52.55 28.89 20.80 383.00 14.70 27.00
Firuzabad
ansl 52.12 28.81 22.30 275.00 13.10 31.50
Faryab
(Farashband)
O pos 53.22 29.28 20.40 229.30 13.30 27.50
Sarvestan
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Table 4. Status of climatic suitability zones for saffron cultivation in Fars Province

1 Lzo s 5 Cardg PRPYRY yogls) colio IS 3l awsy0
Sub-criterion Class Range (&0 oLl
Area (km2) Percentage
of Total
Province
¥l ()b e jloans 250.1 - 350 49,796.14 40.73%
(o o) Highly suitable
Annual s 200.1 - Zigé)r 350.1 - 54,048.23 44.20%
precipitation Suitable
(mm) KVCTNOS Lo 150.1 — 200 or 400.1 — 13,604.37 11.13%
Moderately suitable 500
NCHDRIK ¢ 100.1 — 150 or 500.1 — 4,823.26 3.94%
Marginally suitable 700
Axtasls 100 or >700 - _
Unsuitable
Siles sles RVCTIR T 15.1-18 18,508.40 15.14%
ax,0) 4Vl Highly suitable
_ s 121-150r18.1-21 52,767.41 43.16%
5 sl
Suitable
M I .
tomporature soonn U 10.1-120r21.1- 23 22,720.10 18.58%
(°C) Moderately suitable
Mo oS 8.1-100r23.1-25 20,221.93 16.54%
Marginally suitable
NCOWAR 8 or>25.1 8,054.15 6.59%
Unsuitable
oo J8las> Lawgie RVCTRDRN T 51-10 25,362.51 20.74%
(01,5 il 4> 0) Highly suitable
Mean RV 10.1-15 57,527.21 47.05%
minimum Suitable
temperature VTN OO 3.1-50r151-18 33,670.52 27.54%
°C) Moderately suitable
NCHDRIK ¢ 0-30r18.1-20 3,992.46 3.26%
Marginally suitable
CCOWA K 0or>20.1 1,719.30 1.41%
Unsuitable
SiSTae lawgie KV T 22.1-28 47,649.90 38.97%
ax,0) Lo Highly suitable
_ N 18.1-22 0r 28.1 - 30 33,641.68 27.51%
5 sl
Mean Suitable
maximum VTR OO 15.1-180r30.1-35 40,980.42 33.52%
temperature Moderately suitable
(°C) Ml oS 10.1-150r 35.1 - 40 - -
Marginally suitable
Aol 10 or >40.1 - -

Unsuitable
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Fig 1. From right to left: Spatial distribution map of saffron cultivation suitability zones in Fars
Province based on annual precipitation (mm), mean annual temperature, mean minimum

temperature, and mean maximum temperature (Source: Research findings).
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Table 5. Climatic suitability classes for saffron cultivation in Fars Province

oSl el Comisg
Climatic Suitability Class

(& 50 yogksS)
Area (km?)

obwl U5 51 sy
Percentage of Total Province

LSO, D
Highly suitable
LT SOWPY
Suitable
Moderately suitable
Marginally suitable
Axnos

Unsuitable

31,420.81 25.70%

34,373.86 28.11%
19,680.15 16.09%
12,635.80 10.33%

24,161.38 19.76%
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Fig 2. From right to left: Fuzzy AHP map and spatial distribution map of saffron cultivation
suitability zones in Fars Province based on climatic criteria (Source: Research findings).
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Table 6. Status of suitability zones by physical sub-criteria for saffron cultivation development in Fars Province

Sbmey S s ColilB oy S Olwl J5 3 s yo
Sub- Physical Suitability Capability Description (&30 yiogleS) Percentage of
criterion Class Area (km?) Total Province
Sk cdl KVC T W e pgd 5 0l 79,252.22 64.82%
Soil texture Highly suitable Loam and silty loam
RIS b ped 5 o) pol 38,464.17 31.46%
Suitable Clay loam and sandy loam
Sans L b oy P g b ) 2,396.00 1.96%
Moderately suitable Sandy loam and clayey sandy loam
s (oS R e 248.41 0.20%
Marginally suitable Sandy and sandy-clay
Snanals JESTRE STV SO 1,911.19 1.56%
Unsuitable Heavy clay and stony/sandy
ol sp)ls KIS IO 29l 5 w23 cel; 14,897.26 12.18%
Land use Highly suitable Rainfed and rotational croplands
Axinne &5 Sz cawgie g5 0 £L 20,973.04 17.15%
Suitable Orchards, moderate rangelands,
afforested areas
Ane Lnns DS JSaz winnd @5 y0 b s 56,827.32 46.48%
Moderately suitable Bare lands, degraded rangelands, sparse
forests
Stns (oS gl g adgl S 21,785.54 17.82%
Marginally suitable Primary and secondary forests
axieels Sl Vb «slo Peo s 7,788.84 6.37%
Unsuitable Urban, rocky, wetlands, water bodies
elis)| RV T 1,500 - 2,200 43,239.45 35.36%
Elevation Highly suitable
(m) RVCS 1,000 - 1,500 or 2,200 — 2,500 37,900.06 31.00%
Suitable
RVCOIR IO 700 — 1,000 or 2,500 — 2,800 23,996.77 19.63%
Moderately suitable
Sxas (oS 400 — 700 or 2,800 — 3,000 14,442.46 11.81%
Marginally suitable
Axansls 400 or >3,000 2,693.25 2.20%
Unsuitable
(Z59) cus axias jbews 0-5 48,573.01 39.72%
Slope Highly suitable
(degrees) Axs 5-10 24,913.04 20.37%
Suitable
Ssns L 10-15 15,319.94 12.53%
Moderately suitable
Sxtns oS 15-30 26,046.55 21.30%
Marginally suitable
axesls >30 7,419.46 6.07%
Unsuitable
s g Ains 5l S g (g 31,093.00 25.43%
Aspect Highly suitable South, southeast
Axlne B ot g 31,226.75 25.54%
Suitable Southwest, east
RVCOR Coo! s e et 28,206.26 23.07%
Moderately suitable North, west
RVCTRIIN 4 S Jlos 16,544.56 13.53%
Marginally suitable Northeast
axiasls ot et 15,201.43 12.43%
Unsuitable Northwest
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Fig 3. From right to left: Spatial distribution of saffron cultivation suitability zones in Fars
Province based on slope, aspect, elevation, soil texture, and land use (Source: Research findings).
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Table 7. Spatial distribution of saffron cultivation suitability zones in Fars Province based on
physical criteria

b el Candg (&0 o ghss) Colbuno Obwl J5° 3 o0
Physical Suitability Class Area (km2) Percentage of Total Province
NI T 31,093.95 25.43%
Highly suitable
Ao 36,063.49 29.49%
Suitable
Kt Ui 28,037.80 22.93%
Moderately suitable
NCHDRgIK ¢ 19,404.47 15.87%
Marginally suitable
NCOAL 7,672.28 6.27%

Unsuitable
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Fig 4. From right to left: Fuzzy AHP map and spatial distribution map of saffron cultivation
suitability zones in Fars Province based on physical criteria (Source: Research findings).
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Table 8. Spatial distribution of saffron cultivation suitability zones in Fars Province by
accessibility-infrastructure sub-criteria

oy ) el Caidg alold ooguxe o lwo N BIEYIN
Sub-criterion Suitability Class (o) (@230 yiogksS) ol
Distance Range Area (km2) Percentage of
(m) Total Province
a5l alols NCTRDRN T 0-1,500 44,773.42 36.62%
(o) baosl> Highly suitable & Suitable
Distance to road RVCTON COU 1,500 — 2,500 32,986.009 26.98%
network (m) Moderately suitable
NCHWIK ¢ 2,500 — 3,500 9,708.72 7.94%
Marginally suitable
Aol >3,500 34,803.85 28.46%
Unsuitable
55150 5l alols RVCTIR T 0-1,000 49,974.23 40.87%
() (Forex Highly suitable
Distance to NI 1,000 — 2,500 28,685.97 23.46%
population Suitable
centers (m) VTR COU 2,500 - 4,000 12,773.77 10.45%
Moderately suitable
NCIWSIK 4 4,000 — 6,000 21,655.09 17.71%
Marginally suitable
Aol >6,000 9,182.93 7.51%
Unsuitable
wlsg, 5l alols RVCTIR T 0-1,000 14,913.60 12.20%
() Highly suitable
Distance to Asts 1,000 - 2,500 17,122.73 14.00%
rivers (m) Suitable
RVCTON COU 2,500 — 3,500 6,839.31 5.59%
Moderately suitable
RECTWIN 1 3,500 — 5,000 15,060.34 12.32%
Marginally suitable
Aol >5,000 68,336.02 55.89%

Unsuitable
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Fig 5. From left to right: Spatial distribution of saffron cultivation suitability zones in Fars
Province based on the following infrastructure sub-criteria: distance to rivers (right), distance to

population centers (left), and distance to road networks (center) (Source: Research findings).
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Table 9. Classification of accessibility and infrastructure suitability for saffron cultivation zones in
Fars Province
(&0 yoglsS) coluw obwl g5 5l ae 0
Suitability Class Area (km?) Percentage of Total Province
Snlns loans 35,105.38 28.71%

Highly suitable
o 23,494.06 19.21%

Suitable
RVCONOR Lo 22,631.21 18.51%

Moderately suitable
\alca oS 34,171.32 27.95%

Marginally suitable
VSO 6,870.02 5.62%

Unsuitable
(Source: Research findings) .- slaadl :awe
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Fig 6. From right to left: Fuzzy AHP map and spatial distribution map of saffron cultivation
suitability zones in Fars Province based on accessibility-infrastructure criteria (Source: Research

findings).

b gblis ol Sloss 5 blo )l gloaSios 4 Sgame
lols s @ vcenlin (o8l b (S50 Ll o5 0925
Jox 50 @l il b o maz 5150 b osl> 5ol
Dlass & guayiand 5 laosles el ¢ Jpame Ji5
s 42150 () )olaS

3 ol clS axies L2l G w58
2 Sl mow s Jlme el )l Gl
el oalia BB § S

66 -AHP g, 5l eslaial b lojbae op) il
5las, FYAY a5 s o ol (3 Jgoz 5 7 JS5)
4o :L‘,‘Q_Q,c_ d“al"‘“’ u.:‘ .o)lo )‘)5 wLw)J) 9 (g
kol (bli)l Gy 1o 5 S5 slogd dey>
e b dtiinn oS Al (> cpl b Lailoads 55 e
a5 Cwl gam adds o Sed XS (gao,s YV/AD
sy | 0308150 5 SliunsS 3blis Jalts biaee

0 Ll )0 ol yae ) culs (o)l cenlid pled Clib Jolue 21598 Ve Jgur
Table 10. Areal distribution of final land suitability classes for saffron cultivation in Fars Province

4 oyl el Comsg (&9 30 yoglS) ceolino olw!l 5 51 aoyo
Rank Land Suitability Class Area (km?) Percentage of
Total Province
1 TR O 30,538.71 24.98%
Highly suitable
2 Ao 37,877.80 30.98%
Suitable

3 VTR (OO 29,265.94 23.93%
Moderately suitable

4 NI 3 19,343.53 15.82%
Marginally suitable

5 \snals 5,246.02 4.29%

Unsuitable
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Fig 7. Final map of saffron cultivation suitability zoning in Fars Province (Source: Research
findings.
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