Research Article

Iranian Journal of Forest and Poplar Research Vol. 31 No. 3, 2023 DOI: 10.22092/ijfpr.2023.362063.2098
Vol. 31, No. 3, Page 203-224 (2023) DOR:  20.1001.1.17350883.1402.31.3.3.8

Monitoring fifty-year changes in riparian forests of Gotvand County, Iran, using
remote sensing images

M. Sharif !, A.A. Kakroodi ¥, S. Heidari ® and A. Kiani *

1- MSc. Graduate, Department of Remote Sensing and GIS, Faculty of Geography, University of Tehran, Tehran, Iran

2"- Corresponding author, Associate Prof., Department of Remote Sensing and GIS, Faculty of Geography, University of Tehran,
Tehran, Iran

3- Ph.D. Students of Climatology, Department of Physical Geography, Faculty of Geography, University of Tehran, Tehran, Iran

4- MSc. Graduate, Department of Remote Sensing and GIS, Faculty of Geography, Yazd University, Yazd, Iran

Received: 18.04.2023 Accepted: 02.07.2023

Abstract

Background and objectives: Riparian forest ecosystems play a crucial role in maintaining
ecological resilience and biodiversity in hot and arid regions. Additionally, these forests serve as
vital safeguards against agricultural land erosion and alterations in riverbeds. Long-term
monitoring is imperative to preserve the ecological capacity and biodiversity of riparian forests,
which are continually impacted by climate change and land use/cover changes (LUCC). These
changes have far-reaching implications for the environment, biodiversity, food security, and
human health.

Methodology: This study utilized the Landsat satellite series archive for Gotvand County in Iran.
The analysis commenced with an image from the MSS sensor (Landsat 1) in 1972, followed by
images from the TM, ETM+, and OLI sensors placed in orbit on 7/16/1982, 4/15/1999, and
11/2/2013, respectively. Raw calibrated pixel values underwent conversion to surface reflectance
through atmospheric correction. Classification input layers included spectral bands and two
indices (NDVI, SAVI for vegetation cover, and MNWDI, NDWI2 for water class), derived from
available spectral bands for each year. Object-based classification, employing the SVM
algorithm, was implemented to extract forest areas, water bodies, agricultural lands, and other
phenomena. Various values for scale, shape, and compression were applied in the object-based
classification method to enhance separation. Evaluation metrics such as Overall Accuracy,
Producer’s Accuracy, User’s Accuracy, and Kappa Coefficient were employed to assess
classification results.

Results: The study observed the lowest difference between Red and NIR bands for the MSS
sensor and the highest difference for the ETM+ sensor. Classification accuracy was lower for
years when ground sample conditions were validated through satellite images compared to other
years. In 2022, with improved spatial and spectral accuracy, the overall accuracy reached 98.9%,
the Kappa coefficient was 0.89, and user and producer accuracies for the forest class were 97%
and 99%, respectively. Agricultural land changes witnessed a staggering growth of over 4393%
from 1972 to 2022. Riparian forest ecosystems, dominant in the area between 1972 and 2000
(ranging from 3670.6 to 2379.2 hectares), experienced a 35% loss. From 2000 to 2022 (covering
1569.6 hectares), an additional 34% of this plant ecosystem's area was lost.

Conclusion: The research findings highlight a 57.23% decrease in riparian forests over the past fifty
years, reaching its lowest point of 1279.2 hectares in 2010. Concurrently, agricultural land area
expanded by 45 times from 1972 to 2022, indicating a significant shift in land cover from forests to
agriculture. The observed changes align with shifting precipitation (-1.5 mm/yr) and temperature (0.04
°Clyr) trends, impacting the studied ecosystems. This study serves as a crucial benchmark for the
sustainable management of riparian forests along the Karun River in Gotvand County.
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Figure 1. a) Iran, b) Khouzsan province, c¢) Digital Elevation Model 12.5 m, and d) Image of false color composite
of OLI sensor of the study area
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Table 1. Time series of images the Landsat satellite sensors used in the research

. Acquisition . Pixel Spectral resolution Cloud
Satellite Scan time . Name sensor RMSE
Date size (m) (um) cover
1972/8/1 06:50:27 60 0.499-0.989 MSS-1 20% 14.24
1981/6/15 06:34:54 60 0.497-1.036 MSS-5 20% 24.4
1985/5/5 06:30:50 30 0.452-2.349 ™ 20% 4.6
1990/8/7 06:35:41 30 0.452-2.349 ™ 20% 4.63
1995/7/20 07:20:06 30 0.452-2.349 ™ 20% 5.27
Landsat 2000/5/22 07:07:42 30 0.452-2.346 ETM+ 20% 4.4
2005/8/8 07:05:04 30 0.452-2.346 ETM+ 20% 4.5
2010/8/6 07:07:54 30 0.452-2.346 ETM+ 20% 4.2
2015/8/12 07:15:25 30 0.433-2.3 OLlI 20% 4.37
2020/8/9 07:15:42 30 0.433-2.3 OLlI 20% 5.47
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registration date 20/5/2000), and b) Image of color combination of ETM+ sensor (10/6/2000)
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Table 2. The results of accuracy assessment criteria used in this study

Kappa coefficient (%) Overall accuracy

Producer’s accuracy (%) User’s accuracy (%)

Year
All classes Forest class

1972 0.84 89.45 93.36 80.66
1981 0.77 84.65 80.9 91.14
1985 0.71 80.2 79.33 99.89
1990 0.74 80.89 93.3 99.9
1995 0.98 98.7 97.24 99.4
2000 0.91 93.75 99.8 92.76
2005 0.85 93.3 96.42 89.63
2010 0.82 85.63 96.46 87.5
2015 0.86 94.4 86.79 93.14
2020 0.83 90.6 64.6 91.2
2022 0.89 98.9 99.1 97.03
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Table 3. Area, changes and rate of change in the classes of agricultural land and riparian forests from 1972 to 2022

Year Riparian forest (ha)  Agricultural area (ha)  Total (ha) Change of(rrig;a rian forest agricﬁthuarr;?ear?eg (ha) Chang(;orrz;tset (();‘/Or)iparian A?g T?Qu%iurrztle (8/];)
1972 3670.6 252.4 3922.9 -2,100.9 11,086.2 -57.2 4,393
1981 3575.2 3106.4 6681.6 -2,005.5 8,232.1 -56.1 265
1985 21179 3677.8 5795.7 -548.3 7,660.7 -25.9 208.3
1990 3488.1 7647.8 11135.9 -1,9184 3,690.8 -55 48.3
1995 2276.7 8242.2 10518.9 -707.1 3,096.4 -31.1 37.6
2000 2379.2 11586.6 13965.8 -809.6 -248 -34 2.1
2005 2179.2 12586.6 14765.8 -609.6 -1,248 -28 -9.9
2010 1279.2 11116.6 12395.8 290.4 222 22.7 2
2015 1935.1 11206.5 13141.6 -365.5 132.1 -18.9 1.2
2020 1379.2 12386.6 13765.8 190.4 -1,048 13.8 -8.5

2022 1569.6 11338.6 12908.2 - - - -
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