Monitoring changes in vegetation affected by drought in Ardabil Province
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Vegetation, as one of the living components of ecosystems, is adaptive and has an
important effect on most ecosystem processes that are strongly influenced by climatic
events, including drought. In the present study, the conditions of vegetation changes in
relation to the Standard Precipitation Drought Index (SPI) and the Percent of Normal
Precipitation Index (PNPI) for four selected stations in Ardabil province (Ardabil,
Khalkhal, Parsabad, and Meshkinshahr) were investigated based on 21-year precipitation
statistics (2001-2021) and compared with the satellite-based Vegetation Condition Index
(VCI). MODIS sensor data was used to prepare the Normalized Difference Vegetation
Index (NDVI) to examine vegetation changes on the Google Earth Engine platform. The
relationship between drought indicators and vegetation index was analyzed using the
Pearson correlation method. Based on the results of the correlation coefficients, the highest
correlation between the SPI drought index and NDVI exists at the Parsabad station, which
is significant at the 0.01 confidence level, and the lowest correlation is in accordance with
the PNPI index at the Khalkhal station. The results of the zoning of the maps showed that
based on the calculated SPI, PNPI and VCI indices, in the years 2017 and 2021, the
drought event occurred with greater intensity than in the other periods under study. Zonal
vegetation maps indicate a decrease in the extent of vegetation cover during the years
2006, 2008, 2013, 2017, and 2021 compared to other years, and at all stations, vegetation
cover was in more favorable conditions during the months of Apr and May of the study
period. In fact, changes in vegetation cover are a function of changes in drought indices,
which indicates that vegetation cover is affected by precipitation fluctuations. Based on the
findings of the present study, it is concluded that changes in vegetation cover have a direct
relationship with the severity of drought, which is an important issue that requires the
attention of natural resource managers and planners for the purpose of vegetation
management.
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Introduction

Drought alters the normal conditions for plants to sustain life and causes a decrease in plant density, ecosystem
productivity, threat to species, reduction in agricultural productivity, and significant reduction in cultivated area
(Chandra et al., 2021). It is of great importance to correctly understand and obtain information about the state of
vegetation, such as normal or drought conditions, in any region. The most common method for monitoring
drought is the use of drought indices (Dabrowska-Zielinska, 2002; Shamsi pur et al., 2010). Nowadays, it is
possible to understand the impact of drought on vegetation in terms of time and space by using remote sensing
techniques and various indicators (Mbatha & Xulu., 2018; Liu et al., 2021).

Materials and Methods

In this study, the Standardized Precipitation Index (SPI) was used to monitor drought at four synoptic stations
located in Ardabil province, and the Percent of Normal Precipitation Index (PNPI) was used to analyze the
drought duration from 2001 to 2021. Also, to examine the vegetation status of MOD13Q1 products of the
MODIS sensor, annual maps were produced for the Normalized Difference Vegetation Index (NDVI) values
during the mentioned period. After calculating NDVI, vegetation changes during each year were classified into
four classes: areas without vegetation, areas with sparse vegetation, normal and dense vegetation, and their
changes were analyzed. In the next step, the relationships between the annual average of SPI and PNPI drought
indices and the satellite NDVI index were calculated using Pearson's correlation coefficient.

Results

The results of examining the trend of changes in the SPI index during the study period showed a short-term
decrease in drought conditions in recent years only at Meshkinshahr station. In other stations, the intensification
of drought stress resulted in further intensification. The drought zoning map based on this index shows that the
intensity and extent of drought at the stations increased significantly during 2006, 2008, 2017, and 2021, and it is
in a critical state from a drought perspective. Monitoring drought conditions with the PNPI index showed that
Ardabil and Meshkinshahr are exposed to moderate to moderate drought conditions, while Khalkhal and
Parsabad are also exposed to moderate to severe and very severe drought conditions. According to the zoning
map obtained from the PNPI index, most of the years under study are in normal conditions. And severe wetness
is related to Parsabad and Khalkhal during 2003 and 2020, respectively, and light to moderate wetness includes
Meshkinshahr and Ardabil in 2004 and 2020.

Based on the results of the correlation coefficients, the highest correlation between land indices and NDVI
exists at Parsabad station. The results of vegetation changes with the NDVI index also showed that the province's
surface was usually in a normal state in terms of vegetation. The study of spatial changes in vegetation cover
shows that the largest area of vegetation cover at the stations is for the months of May and April and the smallest
for the months of January and February.

Conclusion

Based on the findings of this study, it is concluded that changes in vegetation cover are directly related to the
severity of drought; therefore, it is suggested that managers and politicians adopt the necessary policies and
plans, especially in the plans of the Ministry of Agricultural Jihad, to reduce the effects of climate change by
examining the trends in vegetation cover changes obtained from MODIS sensor images.
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