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Natural disasters typically cause environmental degradation. A scientific and
quantitative assessment of ecological environmental quality and its post-disaster
recovery trajectory can provide valuable insights for mitigating future hazards. In
this study, the April 2019 flood event in Lorestan Province, Iran, was selected as
a case study to investigate the spatiotemporal variations and driving factors of
ecological environmental quality prior to and following the flood. Initially,
MODIS data were employed to construct the Remote Sensing Ecological Index
(RSEI). Subsequently, the spatiotemporal dynamics of ecological environmental
quality across Lorestan Province were evaluated from 2015 to 2024, alongside an
analysis of spatial autocorrelation relationships. Finally, the Geographical
Detector (GeoDetector) model was implemented to identify the key factors
influencing post-flood environmental recovery. The results demonstrated that the
flood event caused a notable decline in the RSEI from 0.7658 to 0.6081, which
subsequently recovered to 0.6514, reflecting the significant impact of the flood
phenomenon on the province's environmental quality. Spatially, areas with higher
ecological quality were predominantly concentrated in the central and eastern
regions of the province, whereas the northwestern and southeastern areas
exhibited lower quality. Moran's | index exceeded 0.75, indicating a strong
positive spatial autocorrelation and clustering pattern of ecological environmental
quality. Based on the GeoDetector analysis, elevation and population density
played the most prominent roles in driving the post-flood ecological quality
dynamics. Among the interactive factors, the interaction between elevation and
slope exhibited the strongest explanatory power regarding the ecological recovery
process.
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Introduction

In recent years, natural disasters such as floods, earthquakes, land subsidence, and
landslides have frequently occurred in Iran. Floods, as one of the most severe natural
hazards, not only cause extensive human casualties and financial losses but also severely
degrade the ecological structure of the environment. Ecosystems serve as the material
foundation for human life and development, playing a vital role in climate regulation,
environmental purification, pest control, and biodiversity conservation. In April 2019,
Lorestan Province experienced a catastrophic flood event that caused severe financial
damage to the province's infrastructure, claimed 15 lives, destroyed numerous homes, and
left profound psychological impacts on survivors. However, the environmental impact of
this flood and its subsequent recovery trajectory required rigorous scientific investigation,
which constitutes the primary objective of this study. Despite numerous studies on the
Lorestan flood (focusing on landslides, psychological trauma, and social responses), post-
disaster ecological recovery monitoring remained unaddressed in this region. Most previous
studies focused solely on vegetation cover or land-use changes (Mehrabi, 2021; Moradi et
al., 2024), whereas the Remote Sensing Ecological Index (RSEI) provides a more
comprehensive assessment of environmental health by integrating multiple core indicators,
including greenness, wetness, heat, and dryness. Therefore, this study combines the RSEI
and the Geographical Detector (GeoDetector) model to evaluate ecological quality
variations and recovery following the flood event. This research aims to support improved
environmental management planning and post-disaster sustainable development, thereby
contributing to the Sustainable Development Goals (SDGs), particularly in building resilient
and sustainable cities and human settlements.

Materials and Methods

This study utilized MODIS satellite data spanning from 2015 to 2024. Two primary
datasets were employed: MODQ9A1 for surface reflectance across various spectral bands
and MOD11A2 for Land Surface Temperature (LST). The key advantages of MODIS data
include broad spatial coverage, high temporal resolution (8-day composites), and suitability
for time-series analyses, making it ideal for long-term ecological monitoring. The primary
software used included the MODIS Reprojection Tool (MRT), ENVI, and ArcGIS. First,
the MODIS data for the study area were batch-processed using MRT, which involved
image mosaicking, spatial reprojection to a common coordinate system, and format
conversion. To address cloud contamination, cloud-affected pixels were identified and
masked, and composite clean images were generated to cover the entire study area.
Subsequently, using ENVI 5.3, four primary indicators—Normalized Difference Vegetation
Index (NDVI) representing greenness, Wetness index from tasseled cap transformation,
Land Surface Temperature (LST) representing heat, and Normalized Difference Built-up
and Soil Index (NDBSI) representing dryness—were extracted and integrated via Principal
Component Analysis (PCA) to construct the composite RSEI.

Results and Discussion

In the first Principal Component (PC1), with the exception of the year 2020, the loadings
for NDVI and WET—hboth positively correlated with favorable ecological conditions—
consistently exhibited positive signs. The percentage contribution of eigenvalues for PC1
across the six temporal stages were 71.35%, 63.86%, 67.09%, 62.49%, 52.88%, and
63.29%, respectively, all of which were significantly higher than those of the other
components. This indicates that PC1 captured the vast majority of critical information from
the four selected indicators. Consequently, the RSEI was constructed based on PC1 to
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analyze the pre- and post-flood EEQ dynamics. Higher RSEI values denote ecological
improvement, whereas lower values indicate EEQ degradation. As presented in Table 2, the
mean RSEI value prior to the flood (2015-2019) remained relatively stable above 0.65,
reflecting favorable environmental quality across the province. The highest and lowest
RSEI values were recorded in 2017 and 2020 at 0.7658 and 0.6081, respectively. This
decline of 0.1577 units is directly attributable to the impacts of the flood event, which
caused widespread vegetation loss, soil erosion, and surface degradation. Following 2020,
RSEI values exhibited a steady increase, indicating substantial environmental recovery and
a return toward pre-disaster conditions. Overall, the spatiotemporal variations in EEQ from
2015 to 2024 can be categorized into three distinct phases: the pre-flood period (2015—
2019) with favorable ecological conditions; the flood occurrence period (2019-2020)
characterized by a marked reduction in mean RSEI due to ecosystem damage; and the post-
flood recovery period (2020-2024) marked by a rising mean RSEIl and progressive
environmental restoration.

Conclusion

The main findings of this study are summarized as follows:

- The temporal RSEI values were recorded at 0.6741, 0.7658, 0.6658, 0.6081, 0.6236, and
0.6514, respectively. The overall trajectory from 2015 to 2024 exhibited a clear "Stability —
Decline — Recovery" pattern, which closely corresponds to the EEQ dynamics. These
results indicate that while the flood degraded the province's ecological quality, gradual
environmental recovery ensued, ultimately restoring overall ecological quality to near pre-
crisis levels.

- Area-based statistics comparing pre- and post-flood RSEI revealed that areas experiencing
an RSEI increase accounted for only 33% of the total area, whereas areas exhibiting a
decrease covered 44% of the study region, indicating that recovery has been uneven across
the province.

- Spatial autocorrelation analysis revealed that Moran's | values from 2015 to 2024 were
consistently positive, indicating that the spatial distribution of EEQ is significantly clustered
rather than randomly distributed. Furthermore, the GeoDetector analysis identified elevation
and population density as the dominant drivers of RSEI spatial variation. In terms of factor
interactions, the interactive effect of elevation and slope exerted the strongest explanatory
power on ecological recovery, consistently explaining over 40% of the variance throughout
the study period.






ole 4yl

buow sl g L1 i

b w31 o i o sl (59399951 Baueo LS’ Sloj— S gy L3

29931 i 8 559 9 9

‘gs‘.|)'¢r° o

Mehrabi@UK.aC.ir asblyl, sl b, ey sl g oSty o Sl psle 5 sl oaStils bl jior 05,5 )

Cemgilae S Sl (a5 (ale () g e e oy 55 el Vgans aeelo SOk
ol -8 oul ol las (el (gl gaies | el Wi so Dk 85 31y 0T (5952 s 5 (T35S
Sl (2 Sl sy Glprsan Gl J LV YAA Jlo olagrs j9 8 Do e g ool 5o 08
Maalias Qlsesl O jlan 5 J8 (Su390s8T Lo S 2 5o Jelse (izmon 5 S 5 o)
5 Sho) Ol st e A oolaul jed3l o e (SO590sST Lasli ol (gl woge slaosls
(Smopdg> Loy 90t oy VEAT YRR Jlo 5 i bl (S55leST anms oS S8
Cmmilze il 0 e Jslse lulids (sl GRODEIECION o wooles o p0 ) Jeloos 55 b

4 IVEOA sace JJRSED [as Lo Ml asiis o aS ol olis guls ol ad 5 5 4 Wb 5l

15 s 0y 55U ) S i ] S o, +[FOVE se 4y 0o 5 bl LEalS /5 A
St 5 535 o i 55 it YL S b 3blia S 5 o pli] S lame oS
Ohs— AL S iomly Sk (B0 oz 5 2 Jed slagige & (o il 8 b
ool il s jlame CiS (668 Sl ganalisS 5 (Siaon odiadlis a5 0gy /YO 5l YL
L oo C bSOl 0 ]y GBS Sede wiomex o515 5 gl )l Jale 50 (GeODetector Jos
2L oS e g 6 b Jola (oS5 Jlse oo 50 aitls D sl S e (S35l

Sl i (S3elsST (s99mp g,

siagy Alis :lio gg3
o Aoy ;b

VE- O/ VY el ys fu b
VE O/ BIYY 15,553k fu )b
VOO P12y pdy G,
VE O VI 1T oaw s

oo flputels
(2l el

@iljs, o laibiwl g )5

FGT _asls

(GeoAl) e conan isp
Ol ey, (A8



https://doi.org/10.22126/GES.2025.12324.2887
https://doi.org/10.22126/GES.2025.12324.2887
https://doi.org/
https://doi.org/

1ol Fe ;ﬂ"."’ :f’a)lmﬁ’;)ﬁajj: :.b,:u‘;)/.gév, éﬁ/).??

Lo dools &y ol 535S ssboay 55 ) 5 St el o sl (a5l ] (slo o o
Sl a sl wigi oo 00,58 o low Lz 5 Sl wlaly el s o s WD (gl 51 SO lgiea
el 50 g ot (il dngi 5 (Suss 3l (sl aptacnnsST oS (o0 0 56 Dby 551, Lo (S35
L OF Y lobal 5 pladelr) a0l (Sl (i (s £5-5 Lai> 5 e sloaisS 58 claoms agia domges]
sl 00 i 5 e Ll 1l 50l e (s iyl il slacllad (ali8l g Sl melg ity
ool (s 5 ol 3l cbilis g ol das alS (6l (SoodsST S jlanmee 5 WL Sl AT (2bs)l g Gl ccnlnle
s ol 0 o anzlb o b)) Sl YWAA Sl oloryndyg 8 50 0 Fe v oo San 5 somsld) 5,08 5345 Conos
g ool cews 3l 093 la ;a0 Lacs ecel liw J plul glacslo g a0l Jb sloc bz sl oo
g, 5 S yhame sy s l STl o pem a4y Elel sl ool oy DLl 5 0l s g0l slaals
5 plodl Boa reen b ds gy cnl 5 ol ale 0 5L 595 T g

shas st Lol o 5 oo anlis o Susglss cmslmme i) 5 il sl 50T lats, T
Sl ld ()l (Stmg3 IS Slesg Ll (lojen 5 00 S @ o il Sl S & 505l tonis
oodditle (atli U i) pdaw sles F ol iidg asls dolS pigy Sglds ool Jloy el siile calise
Liao and Jiang, 2020; Huang et al., 2021; Gong et al., 2023; ) sl ,S soliwl Jar swo CudsS yiominw gl T 6 s
50 oo L |y Su3eleST Capndg 5 i oS alaS 2 a5 el ) ST slaasls nl S Lol (XU et al., 2025
5 iy (oheo S5 AL JS el oy (sl e o) o el ) LIS 55 il o
" ol sloa il Sl g Ly 5 o (K85 5 LosS gl St 4l oz b 2 45 OKU, 2013) 00 b yme
Slasingh ,o RSEL asli 51 sl 10 o) o9 Covis 5 Comalr b s (aslis ) 08 o drlons
ol by JS S S5 5 5l slaadg w5 Blobie (SielST S b3 sl s

Guo etal., ) 593 oo oolaiwl GeoDetector Jos il s jlansee Sl s 5 50 Jelse ololiss sl ol o (938
ey ol s 4z Salonl Sldlas 51 imul Lo T e Jalss ooy 5 S0 ol 2257 (sl s Lol (5,15 45 (2024
5,5 o)kl 5 lalllas 4y i oo

ol 5148 am oo Lad gl iols 8 anglie 5 b3 3yee | (SudsleST slaasls (VF+ ) o Kos g ool
83 oo oLt |y 6l e NS o Su3elsST slomtls Jude Mol Sllas 5 g e £33

s Sl 03,5 i RSED oLy 3l ool 1 2,8 i 108 s (6L oS (VF+Y) Kot 5 (5,0l
5 dmled S alise slul 1) ey jlas Coa S Gl Ol posi ool jgbody Wilgs oo 1553 L@l das e )l
el et slalmo 5 (SeiglsS Ll 5 ol SeAS by bl Sl 5o by S

bl s mbS Sloim Sl Sl ( S3elsST (S Slapatli (wlul z (ciwgh ;5 OV F+ 1) lllolel g olyacla
S yialS 5l SLs RSEL (oSl ol ols lid gl aes o 51,3 oLyl oy9w ) Lo s ezl o asg>
2 Kon a8 SUo ol slaz (s (SuSy slafoges @t sl i k0 405 8 Cenglaeo
Cowl 009y dnlllas 3,50 0,90

Ol o Ol sl J3 (o) j9e |y 25 AU S39995T Sy Sy 2L (VF 4 F) (Ko 9 (6 e
Skt 39542539) St (ASLE & Wiy 4 (nl &y 9 W335 ooliiul ¢ uasle § Cewiid ol degecme 5l L,

. Normalized Difference Vegetation Index (NDVI)
. Enhanced Vegetation Index (EVI)

. Land Surface Temperature (LST)

. Normalized Difference Built-up Index (NDBI)

. Remote Sensing Ecological Index (RSEI)

. Principal Component Analysis (PCA)
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1. Ecological Environmental Quality (EEQ)

2. Soil Index (SI)

3. Index-Based built-up Index (IBI)

4. The Normalized Difference Built- up and Soil Index (NDBSI)
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1. Local Indicator of Spatial Correlation (LISA)
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