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Introduction

Monitoring and conservation of the wetlands are very important due to their role in eco-system
protection and providing socio-economic needs of the local community. Sarp and Ozcelik (2017);
Nandi et al. (2018); Ali et al. (2019) used NDWI, MNDWI, and AWEI indices to monitor waterbodies
changes based on Landsat (ETM+, OLI) dataset. In this study, these indices were applied to monitor
area changes of Hur al-Azim and Shadegan wetlands in Khouzestan province that were selected as
case study areas from 2000 to 2018. Wetlands area changes were evaluated for three months, including
April, September, and January in any year that represents inflow changes. Mann-Kendall statistics
were also used to study the changes in a wetlands area. The MNDWI index, compared to NDWI and
AWEI, has better performance and higher accuracy. The results of Man-Kendall statistics showed that
wetlands area changes have no significant relation to a 95% confidence level. Also, the correlation
between temperature and wetland area changes showed that, on average, the wetlands' temperature
changes by £0.4 C per 1000-hectare area change.

Methodology

The preprocessing of the satellite images was first done to eliminate any errors, including radiometric,
atmospheric, or geometric errors. The spectral indices of NDWI, MNDW!I, and AWEI were calculated
for the waterbodies extraction of Shadegan and Hur al-Azim wetlands from 2000 to 2018 via ENVI
5.1 software. Determining a dynamic threshold is needed to identify waterbodies information in
different regions (Du et al., 2012). To evaluate the quantitative accuracy of water body extraction, each
image was classified into two classes of water and non-water, based on their nature. More than 200
random points were produced using ground control points for each class. Google Earth software was
used to determine training samples to evaluate the indices' accuracy and validate the results (Jiang et
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al., 2018). The accuracy assessment of the classification results of the water bodies and no waterbodies
maps for the 2000-2018 years was performed with the ground truth map and after the formation of the
ambiguity matrix, based on the criteria of general accuracy, kappa coefficient, producer accuracy, and
user accuracy. The optimum index threshold was utilized to produce binary maps during the statistical
period 2000-2018. Then, the binary maps of all satellite images were created and led to the computation
of waterbodies area. In this regard, the study of time-series trends was investigated using the Mann-
Kendall method, a nonparametric test. The effect of area changes on wetlands temperature was also
evaluated as most local climate variables that can impact other local climate variables.

Results and Discusspn

The extracted waterbodies for two Hur al-Azim and Shadegan wetlands in March 2003 are
demonstrated in Fig. (1). All three indices range between -1 to +1, with value 1 representing the water
bodies and value -1 indicating a non-water zone (vegetation and soil). Table (1) shows the overall
accuracy and kappa coefficient for the best thresholds to compare the indices in waterbody extraction.
To increase accuracy of the validation process, the density of training points in vegetated areas and
edges were considered more. In general, all three indices have the same performance in terms of overall
accuracy and can be efficient and accurate in extracting the waterbodies. However, the kappa
coefficient in MNDWI is higher than both NDWI and AWEI. It indicates that the NDWI and AWEI
indices are less accurate than the MNDWI due to mixing water pixels with other types of vegetations.

NDWI Index

—_——Z

MNDWTI Index

AWEI Index

Legend
High :1

. Low :-1

Fig. 1- Waterbodies extraction of Horalazim (The left side of image) and Shadegan (The right side of
image), March 2003

Table 1- Evaluation of Horalazim and Shadegan wetlands classification results

Indices Threshold Kappa Overall Producer Accuracy (%) User Accuracy (%)
Coefficient  accuracy
(%) (%) water Non-water water Non-Water
NDWI 0.090 86 925 86 99 98.5 87.5
MNDWI 0.200 91 95.5 96 95 95 955
AWEI 0.000 85 92.5 89 96 95 89.5
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In Fig. (2), the changes in water bodies area of Shadegan and Hur al-Azim wetlands derived from
the optimal MNDW!I index from 2000 to 2018 are presented on a monthly scale. The Shadegan wetland
area changes during these years have been such that in September 2018, the lowest area was 60658 ha,
and in March 2006, it had the maximum area of 91032 ha. Hur al-Azim wetland also had the lowest
area of 60410.7 ha in September 2015, and its highest area in March 2008 reached 102240.1 ha.
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Fig. 2- Monthly change of wetlands area for the period 2000-2018

The trend of Area changes during this period (2000-2018) was performed separately for each given
month using the Mann-Kendall test. Table (2) shows each data series's Kendall and Sen-Slope statistics
values. The results showed no significant difference at a 95% confidence level of the wetland area
change. In order to investigate the effect of area changes on temperature, the temperature changes of
the wetland against the waterbodies changes are presented in Fig. (3). Generally, for both the Hur al-
Azim and Shadegan wetlands, with increasing waterbodies area changes over the years, the
temperature changes show a decreasing trend, and vice versa when the waterbodies area changes
decrease. Of course, the temperature changes will have an increasing trend.

Table 2- The results of trend analysis by using Mann-Kendal test

Months Wetland Mean (ha) Kendall statistics (T) P-Value Sen Slope
March 84562.33 -0.111 0.754 -105.604
September Shadegan 71091.82 -0.278 0.348 -1176.89
January 77460.57 0.056 0.917 221.192
March 927435 -0.389 0.157 -1336.897
September Horalazim 73514.63 -0.444 0.118 -1998.605

January 85397.72 -0.167 0.602 -212.88
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Fig. 3- wetlands area and temperature changes for the period 2000-2018

Conclusions

The appropriate thresholds for NDWI, MNDW!I, and AWEI indices are 0.090, 0.200, and 0.000,

with an overall accuracy of 92.5, 0.5 95, and 92.5, respectively. Area changes in the months for both
wetlands did not show a significant trend and only showed seasonal changes in the year. However, the
change in wetland area has a reverse correlation with the wetland temperature. In both Shadegan and
Hur al-Azim wetlands, with increasing wetland area by 1000 hectares, the average temperature
decreases by approximately 0.4 degrees.
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Table 1- Evaluation of Horalazim and Shadegan wetlands classification results

Kappa Overall Producer Accuracy (%) User Accuracy (%)

Indices Threshold  Coefficient  accuracy Non- Non-
(%) (%) water water water water

NDWI 0.090 86 92.5 86 99 98.5 87.5
MNDWI 0.200 91 95.5 96 95 95 955

AWEI 0.000 85 92.5 89 96 95 89.5
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Fig. 6- Wetlands area change trend for the period 2000-2018
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Table 2- The trend of Shadegan and Horalazim wetlands area changes by using Mann-Kendal test

Kendall statistics

Months Wetland Mean (ha) T P-Value Sen Slope
March 84562.33 -0.111 0.754 -105.604
September Shadegan 71091.82 -0.278 0.348 -1176.89
January 77460.57 0.056 0.917 221.192
March 92743.5 -0.389 0.157 -1336.897
September Horalazim 73514.63 -0.444 0.118 -1998.605
January 85397.72 -0.167 0.602 -212.88
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