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ARTICLE INFO ABSTRACT

. . Wetlands are dynamic and productive ecosystems, recognized as some of the most
Article type: vital yet threatened environments on Earth for both humanity and nature. This study
Research Paper aimed to monitor and predict ecological changes in the Bisheh Dalan wetland by

utilizing various indices, including NDVI, VWR, MNDWI, LSWI, and MVWR.
Landsat 5, 7, and 8 satellite images with a spatial resolution of 30 meters from 2007 to
2024 were analyzed. The trends in these indices were predicted using the Facebook

Article history Prophet model, while their ecological assessment was conducted through the chi-
Received: 27 October 2025 square test and the Mann-Kendall correlation coefficient. The findings revealed that
during the initial years of the study period, the vegetation index (NDVI) in the Bisheh

Revised: 14 November 2025 Dalan wetland showed lower density. However, recent years have seen an
) improvement in vegetation cover. Statistical analyses revealed a significant positive
Accepted: 29 November 2025 correlation between the NDVI and MVWR indices (Kendall's coefficient: 0.784),

; o indicating a strong relationship between vegetation density and moisture conditions in
Published online: 20 January 2026 the wetland. In contrast, the weakest association (Chi-square: 0.082) was observed
between the LSWI and NDVI indices. Furthermore, a strong negative correlation
between the MVWR and MNDWI indices (Kendall's coefficient: -0.778) indicates
these indices exhibit contrasting behaviors in response to moisture variations.
Keywords: Projections of change trends until 2030, generated using the Facebook Prophet model,
. . indicate that the current trajectory of ecological changes will persist, though at a
Ecological assessment, Borujerd, ireduced intensity. These findings underscore the imperative for immediate attention to
Bisheh Dalan wetland, Facebook iintegrated water resource management and the implementation of conservation
Prophet. programs to prevent the escalation of the ecological crisis in the Bishe Dalan Wetland.
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EXTENDED ABSTRACT

Introduction: Wetlands are among the most dynamic and productive ecosystems on Earth, providing
indispensable ecological services for both humanity and nature. Despite their critical importance, they are
simultaneously some of the most threatened environments globally, facing degradation from anthropogenic
pressures and climatic variations. The Bisheh Dalan wetland, like many others, is susceptible to such ecological
shifts, necessitating continuous monitoring and predictive analysis for effective conservation planning. This
study aims to conduct a comprehensive ecological assessment of the Bisheh Dalan wetland by monitoring its
historical changes from 2007 to 2024 and forecasting its future trajectory up to 2030. The primary objectives are
to quantify changes in vegetation cover and water presence using a suite of remote sensing indices, to analyze
the statistical correlations between these ecological parameters, and to model future trends to inform
management strategies.

Methodology: This research utilized a multi-temporal remote sensing approach to monitor the Bisheh Dalan
wetland. Satellite imagery from Landsat 5, 7, and 8 satellites, spanning the years 2007 to 2024 with a consistent
spatial resolution of 30 meters, formed the core dataset. To capture the complex interplay between vegetation
and water, five key indices were calculated: the Normalized Difference Vegetation Index (NDVI) for vegetation
health and density; the Modified Normalized Difference Water Index (MNDWI) and the Land Surface Water
Index (LSWI) for mapping surface water and soil moisture; and the Vegetation-Water Ratio (VWR) and
Modified Vegetation-Water Ratio (MVWR) to analyze the relative balance between vegetation and water cover.
The trends of these indices were analyzed over time. Their statistical relationships were assessed using the Chi-
square test and the Mann-Kendall correlation coefficient. Finally, the Facebook Prophet model was employed to
forecast the trends of each index from 2024 to 2030, capturing both long-term trajectories and seasonal patterns.
Results and Discussion: The analysis of historical data revealed significant ecological dynamics within the
Bisheh Dalan wetland. The NDVI index indicated lower vegetation density in the initial years of the study
period, particularly around 2009, followed by a notable improvement in recent years. In contrast, water-related
indices indicated a concerning decline. The MNDWI trended towards zero, showing reduced surface water,
while the LSWI confirmed a consistent drop in soil moisture. The VWR index decreased after 2009, signaling a
reducing ratio of vegetation to water cover. Statistically, the strongest correlation was a positive link between
NDVI and MVWR, while a significant inverse correlation was found between MVWR and MNDWI. These
declining trends, particularly around 2009, are attributed to human activities like channel construction, aligning
with some previous studies but contrasting with others. The forecasts generated by the Facebook Prophet model
for 2024-2030 suggest a continuation of the current established trends, with negligible changes expected in the
indices in the near future. The model also elucidated distinct seasonal patterns: the LSWI, MNDWI, and
MVWR indices peak during winter, with their lowest values in summer, reflecting seasonal precipitation and
evaporation cycles. In contrast, the NDVI peaks in spring and summer, aligning with plant growth cycles, and is
lowest in fall and winter. The VWR is highest in winter and fall.

*Corresponding author: Ali Haghizadeh

Address: Department of Watershed Management Engineering, Faculty of Natural Resources, Lorestan
University, Khorramabad, Iran.

Tel: +989163982677

Email: haghizadeh.a@Iu.ac.ir


https://orcid.org/0000-0002-0928-827X
https://orcid.org/0000-0003-3323-6813
https://orcid.org/0000-0001-9597-3398
mailto:mirzapour.lu@yahoo.com
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.4.3.9
https://jircsa.ir/article-1-600-en.html

[ Downloaded from jircsair on 2026-06-15 ]

[ DOR: 20.1001.1.24235970.1404.13.4.3.9 ]

2025, Volume 13, Issue 4

ISSN (Online): 2783-1531 - ISSN (Print): 2423-5970

Conclusion: The study concludes that the Bisheh Dalan wetland has experienced significant ecological
degradation, primarily driven by human activities, leading to a substantial loss of water resources. The forecast
suggests this precarious state is likely to persist without intervention. These findings highlight the urgent need
for effective conservation. The study recommends implementing restoration projects focused on rehabilitating
the wetland's hydrology and vegetation using traditional methods. Future research should also investigate the
additional impact of climate change on these critical ecological trends.
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Table 1- Results of the Chi-Square test

NDVI MNDWI LSWI VWR MVWR
Chi-Square <0.001 0.263 0.082 0.257 0.43
NDVI Phi 13.304 12.205 11.488 13.304 12.892
Cramer's V 1 0.923 0.926 1 0.969
Chi-Square 0.263 <0.001 0.374 0.258 0.085
MNDWI Phi 12.205 13.299 11.371 13.229 12.878
Cramer's V 0.923 1 0.916 1 0.973
Chi-Square 0.082 0.374 <0.001 0.271 0.102
LSWI Phi 11.488 11.371 12.410 12.410 12.080
Cramer's V 0.926 0.916 1 1 0.973
Chi-Square 0.257 0.258 0.271 <0.001 0.246
VWR Phi 13.304 13.299 12.410 14.422 14
Cramer's V 1 1 1 1 1
Chi-Square 0.43 0.085 0.102 0.246 <0.001
MVWR Phi 12.892 12.878 12.080 14 14
Cramer's V 0.969 0.973 0.973 0.973 1
IS Siamod
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Table 2- Results of Kendall's correlation coefficient between indices

NDVI MVWR MNDWI VWR LSWI
Correlation Coefficient 1.000 784 -.564" .348™ .208™
NDVI Sig. (2-tailed) . .000 .000 .000 .000
N 209 209 209 209 209
Correlation Coefficient .784™ 1.000 =774 .344™ -.001
MVWR Sig. (2-tailed) .000 . .000 .000 988
N 209 209 209 209 209
Correlation Coefficient -.564™ =774 1.000 -.295™ .224*
MNDWI Sig. (2-tailed) .000 .000 . .000 .000
N 209 209 209 209 209
Correlation Coefficient .348™ .344™ -.295™ 1.000 -.021
VWR Sig. (2-tailed) .000 .000 .000 . 657
N 209 209 209 209 209
Correlation Coefficient .208™ -.001 .224* -.021 1.000
LSWI Sig. (2-tailed) .000 988 .000 657
N 209 209 209 209 209
**_Correlation is significant at the 0.01 level (2-tailed).
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Figure 4- Heatmap of Kendall's correlation coefficient between indices
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Figure 5- Results of the facebook prophet model forecast
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Figure 7- Forecast chart of the facebook prophet model for the MNDWI
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Figure 9- Forecast chart of the facebook prophet model for the NDVI


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.4.3.9
https://jircsa.ir/article-1-600-en.html

[ Downloaded from jircsair on 2026-06-15 ]

[ DOR: 20.1001.1.24235970.1404.13.4.3.9 ]

Yo x93 Y1D aly YU (B Udiog Mgy (dwirin 9 il

o &Vl Sl dgy (V) USS 3 3,5 o0 i 00 1y o B D3y YoV¥-Yo¥e Slojoyed 0 VWR asls (V+) JS& 5
S395p oY adn OYU (gly gy Saund  Jio 5l odlitwl L NDVI, VWR, MNDWI, LSWI, MVWR sla sl 4lale
15 s o b |y LSWI asls g5 gy Y0¥ Jlo b YooY Jlo csliol 51 gillao (Ql)Y) JSi5 b gillae ol odibodls i
& 5 OT ol o YU algi g cunl oid s i polds I S sl sadosly L VoY LYV ol &S (S, uj Al g oo
LSWI asls alale jlages (1Y) JSb pgd Cuomd 53 bimd o ylid |y ol a5 YU s (0 )85 & jguods cdisiads 55,08 ]
Bgy S YooV = Vo¥e )60 (b )3 MNDWI jasls (V) JS 3 .ol (jub 5 obiasl) yuolwd slo 4 bgspe 55 ol lade
(J’)"W'{ Ll (ULW‘“")) du)99 olo L Joy).o MNDWI ua>[w )]J..u R PO c(u—\\) JS\M: £9d Cound u»lwl » ol Sdgm0

Index Value

2010 2015 2020 2025 2030
Date

VWR (ad bl gy Cdg S guumd Jdo (gt sl 0905 -V ¢ JSUS
Figure 10- Forecast chart of the facebook prophet model for the VWR index
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Figure 11- Annual and monthly trends of ecological indicators with the facebook prophet model
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