Spatial zoning and analysis of the spatial pattern of multi-hazard
environmental exposure intensity in mountain ecosystems:
a case study of forest stands in Lorestan province, Iran

Akram Nouri Kamari®2 | Abolfazl Jaafari?':

1. Corresponding Author, Department of Geography Education, Farhangian University, Tehran, Iran. E-mail:

a.nourikamari@cfu.ac.ir

2. Research Institute of Forests and Rangelands, Agricultural Research, Education and Extension Organization (AREEO),
Tehran, Iran. E-mail: jaafari@rifr-ac.ir

Article Info

ABSTRACT

Avrticle type:
Research Article

Article history:

Received 14 July 2026
Received in revised form 6
September 2026

Accepted 11 September 2026

Keywords:

Multi-hazard assessment,
Environmental hotspots,
Forest vulnerability,
Mountain ecosystems,
Climate change adaptation.

The Zagros mountain forest ecosystems are among the most vulnerable ecosystems in Iran
due to their exposure to a wide range of climatic, geomorphological, and anthropogenic
stresses. Despite the increasing frequency and intensity of environmental hazards in recent
decades, most previous studies have focused on individual hazards, while the spatial
patterns of forest exposure to multiple interacting hazards have received considerably less
attention. Therefore, this study aimed to spatially analyze and map the intensity of
exposure to multiple environmental hazards across the forest ecosystems of Lorestan
Province, western Iran. To achieve this objective, nine major environmental hazards,
including drought, evapotranspiration, maximum temperature, wildfire, dust storms, high-
speed winds, landslides, floods, and the spatial influence of rural settlements, were
developed using remote sensing data, climatic information, and environmental datasets.
After standardization and weighting, all hazard layers were integrated within a
Geographic Information System (GIS) framework to generate a multi-hazard exposure
index. The results revealed a pronounced spatial heterogeneity in multi-hazard exposure
intensity, with index values ranging from 0.167 to 0.590. Areas characterized by high and
very high exposure were predominantly concentrated in the southern, southwestern, and
southeastern parts of the province and encompassed approximately 46.64% of the forest
ecosystems, equivalent to nearly 568,000 ha. In contrast, areas with very low and low
exposure intensities were mainly distributed across the northern and northwestern regions
of the province. The findings demonstrate that a multi-hazard approach provides an
effective framework for identifying environmental hotspots and prioritizing conservation
and management interventions in the Zagros forests. Furthermore, the proposed
framework can serve as a valuable decision-support tool for climate change adaptation
planning and the sustainable management of mountain forest ecosystems.
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Introduction

Mountain forest ecosystems are among the most important and valuable natural ecosystems in the world
and play a fundamental role in biodiversity conservation, hydrological regulation, carbon storage and
sequestration, soil protection, and the provision of ecosystem services. The Zagros forests, covering
nearly five million hectares, account for approximately 40% of Iran's total forest area and constitute one
of the most significant forest regions in the Middle East. In addition to their ecological importance, these
forests possess considerable socioeconomic value, as the livelihoods of millions of people in western
Iran directly or indirectly depend on the services and resources they provide. However, during recent
decades, these ecosystems have been exposed to a wide range of climatic, geomorphological, and
anthropogenic stresses. Rising temperatures, intensifying droughts, expanding dust storms, recurrent
wildfires, floods, landslides, and increasing human pressures associated with settlement expansion, land-
use change, and unsustainable exploitation have seriously threatened the structure and functioning of
these forests. Although numerous studies have recently addressed the assessment of natural and
environmental hazards in the Zagros forests, most have focused primarily on individual hazards. In
reality, environmental hazards do not operate independently; rather, they interact with one another
through synergistic and cumulative effects, thereby intensifying ecosystem degradation and increasing
environmental pressure. Consequently, multi-hazard approaches can provide a more comprehensive and
realistic understanding of ecosystem conditions. Within the conceptual framework of vulnerability
assessment, the exposure component represents the degree and intensity of a system's contact with
environmental disturbances and stresses and constitutes the first step in vulnerability analysis and
resilience planning. Accordingly, the main objective of the present study was to spatially model and
map the intensity of exposure to multiple environmental hazards in the forest ecosystems of Lorestan
Province and to identify the critical hotspots of these hazards.

Material and Methods

The study area comprised the forest ecosystems of Lorestan Province in the central Zagros Mountains,
encompassing approximately 1.2 million hectares of predominantly Persian oak (Quercus brantii)
forests. Owing to its topographic heterogeneity, climatic diversity, and pronounced altitudinal gradients,
the province represents one of the most diverse and ecologically valuable forest regions of Iran. To
evaluate the intensity of exposure to multiple environmental hazards, nine major hazards were selected,
including drought, evapotranspiration, maximum temperature, wildfire, dust storms, high-speed winds,
landslides, floods, and the spatial influence of rural settlements. The spatial layers associated with each
hazard were generated using remotely sensed imagery, climatic data, digital elevation models, and other
environmental datasets. To ensure comparability and integration, all spatial layers were standardized.
Subsequently, the relative weights of the hazards were determined using the Delphi method based on
the opinions of experts in environmental sciences, natural resources, and natural hazards. The
standardized and weighted layers were then integrated within a Geographic Information System (GIS)
environment to calculate the final index of exposure intensity to multiple environmental hazards. The
resulting map was classified into five categories—very low, low, moderate, high, and very high—using
the Natural Breaks (Jenks) classification method, and the area and relative proportion of each class
within the provincial forests were estimated.

Results

The results revealed that the intensity of exposure to multiple environmental hazards in the forests of
Lorestan Province exhibits a highly heterogeneous and complex spatial pattern, with the final index
ranging from 0.167 to 0.590. The analysis of the final map indicated that hazard intensity is not
uniformly distributed across the province and that substantial spatial variations exist among different
forest areas. Areas characterized by high and very high exposure intensities were mainly concentrated
in the southern, southwestern, and southeastern parts of the province, forming a relatively continuous
belt of environmental hotspots. In contrast, areas with very low and low exposure intensities were
predominantly distributed in the northern and northwestern regions. In addition, scattered patches of
high values were observed in the central and eastern parts of the province, embedded within areas of
moderate exposure. The classification results further demonstrated that approximately 568000 hectares
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of forest land, representing 46.64% of the total forest area of the province, fall within the high and very
high exposure classes. In contrast, areas classified as very low and low collectively account for nearly
one-third of the provincial forests. Moreover, the high-exposure class, covering more than 318,000
hectares, represents the largest area among the five exposure categories.

Discussion and Conclusion

The findings of this study indicate that a considerable proportion of the forests of Lorestan Province are
simultaneously exposed to multiple environmental hazards and that the cumulative pressures resulting
from diverse climatic and anthropogenic stresses have generated a complex spatial pattern of
environmental exposure across the forest landscapes. The concentration of high and very high exposure
zones in the southern and southwestern parts of the province suggests that these regions have become
critical environmental hotspots due to the simultaneous occurrence and interaction of several hazards.
The results also demonstrate that individual hazards alone cannot adequately explain the ecological
conditions of the Zagros forests and that single-hazard assessments often capture only part of the existing
reality. In contrast, the multi-hazard approach employed in this study, through the simultaneous
integration of climatic, geomorphological, and anthropogenic hazards, provided a more comprehensive
representation of the spatial pattern of environmental hazards and enabled a more accurate identification
of areas experiencing the highest levels of environmental stress. The maps generated in this study can
serve as effective decision-support tools for prioritizing conservation actions, optimizing resource
allocation, planning climate change adaptation strategies, and enhancing the resilience of the Zagros
forests. Furthermore, the proposed methodological framework can be applied to other mountainous
ecosystems and may provide a scientific basis for developing integrated environmental monitoring and
multi-hazard management systems at both regional and national scales.
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Figure 1. Geographical location and extent of forest habitats in Lorestan Province
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Figure 2. Classification of the occurrence of multiple environmental hazards across forest habitats in
Lorestan Province
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Province



IFed F 5yloss VD 5493 o s Corne j Lo FAA

Oliwl (K laolKingy a5 aad o ol AlBas Jase clyblowe (Syre 0 (605 )18 cud saddl 5l Lol ls
v JS ¢ olol cpl o (¥ JSS) s  SS&5 LB o Real olad oS gl ol bl b dapalas l5ue jlas 51 ol
Slite oo Sl Ll 51 G 5 48 b s 35 jlomn 9 L5 changito o S s Jolis Al iy 4 il (sl S
oS slows Gl a8 a0 o lis ol gaalds diE wyy Ak ABds Jaoe Glibbre (b4 j0 (65,8 G
Flad Slelis ) slazel 53 dgy Lo (cldigs & ypods 5 Slosd 35 sate kil ye Jload o Jloud (sl sisk 5 Baas o5 s
S g s (g GBIty bles b5 s 5 3L Glib (Lo ;3 b o0 0dalie 0515 1y Jlesd 5
JSits JSin soolig, j oy 55w 50 1y YU @nd b sladiny I dign biws s y0S S g WAl 5y oyl
sloaigy e 5 4l (gynde (ST Gl (g5 5e Glapic ) IS 4ol S lsied lwgie dBb ¢ piman im0
LS 152 YIA sgis > nlue bobj Al a8 dad oo ()l ol ccumwg Hai 51 (F JS0) conl a3 )57 1,8 jlas yy o o S
dgd o Jolis 1y il o K JS 5l aoyd Y8 i g 00l olaid] 28 dy ey wlib e (0 1) digy (p S )5
I R P g S Jlia YFR o LS Jlia YAY dgdn b i g 3b5 Hln g bawgio lib ] 51 s (Y Jgi)
W solliyg) 5l S e OFA dgas a8 e o s olas Jdou | Jols aols o IS jebods g oo Jolis 1y L]
o bl (byme 3 (635,18 0L Hlaw 9 0L ladb » o K maw JS 51 as > FE/5F Joleo ¢jliw ) Ll
395 4 1) ol GlaSix gaw jl 003 ¥e 945 ggeome 3 05 9 05 sl Clib opizmen (¥ Jgi2) 5 )15 4B ui>
Oilgiel STy 3Sky 5 Canl odalio o8 oad gibaids 4l (0 ondy calisre Clids Cawg o Golds pl .lodly olaidl
Ol ) liw] (IR (sBollulyg) 3 ailnia b (15,20 )3 (55,18 G Glbb woyd g Camwg-T Jgaa
Table 2. Area and percentage of intensity classes of exposure to multiple hazards across forest habitats in

Lorestan Province
((US2) Cawy (o) LIRS Coluw jlaoyy  Gudaib

129245 10.62 pS)L-MU
239168 19.65 pf
280951 23.09 ja.w9§.n
318149 26.14 sb;
249487 20.50 3yl
46°300°E 47°150°E 48°00°E 48°450'E 49°300°E £
w«%\ébi ’
P
4
o
ﬁ b W z
) o
”m P 7 Lo
O g
N & 2
Z | e e
S | Wi ilyblons 5 pm 3 5,5 )15 s Ol
o \ =
] P b £
N -8
[ Jinsio 3
[y
5 e
47°150°E 48°00°E 48°45'0°E 49°300"E 50°15'0"

Obwy) ol UK 45 dilfis dusco Wbl (10520 30 (505,18 Cuwd Al gy Ollb glad WiSTy -€ UKW
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