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Drought is a phenomenon which almost occurs all over the world. The effects of this
imperceptible phenomenon in arid and semi-arid regions are higher due to inappropriate
distribution and low amount of annual precipitation. Therefore, its monitoring and
management is important. Since that the traditional methods are based on meteorological
station data and more investigate meteorological drought, hence, the application of
remote sensing techniques and satellite images have been considered as a useful tool for
monitoring of agricultural drought. In this study, the relationship between the
meteorological drought index (SPI) and remote-sensing-based indices (VCI, TCI and
VHI) has been studied in Bam plain. In this regard, using Terra satellite images (Modis
sensor) and precipitation data of synoptic and rain gauge stations in the study area, the
occurred changes were detected over the 15-year period. In this study, with respect to
high temporal accuracy and spectral coverage and accessibility, MOD13A3 and
MODI11A1 products extracted from MODIS sensor were used during 2009 to 2023.
Then, indices of VCI, TCI and VHI were compared with Standard Precipitation Index
(SPI). The results of drought mapping with the SPI index during 2010 to 2024 showed
that the drought severity has increased from north to south in the study area. So that,
extremely drought is detected in the southern regions of the plain and extremely wet is
detected in the northern regions. The annual correlation coefficient between SPI, VCI
and SPI indices is 0.70 and 0.53, respectively. It shows high significant positive
correlation at level of 0.05. The correlation coefficient between SPI and TCI is 0.11
which shows a weak correlation but significant positive at level of 0.05. Therefore, VCI
and VHI Indices have more correlation with annual precipitation and have acceptable
results compared with TCI Index.
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EXTENDED ABSTRACT

Introduction: Drought is one of the most important natural disasters that affects various aspects of human life with
its gradual and slow occurrence. As an unfortunate climatic phenomenon that directly affects societies through
limited access to water resources, this disaster has high economic, social and environmental costs (Goddard et al.,
2001). Drought is a complex phenomenon with different effects. Therefore, indicators are used to determine the
severity and extent of drought. Most of the indicators used in this field are based on meteorological criteria and
examine variables such as soil moisture, temperature, or especially precipitation. Meteorological data are not very
suitable for drought assessment, especially in wide regions, due to limited access to the measurement stations and
missing data. Therefore, the use of remote sensing technique and the indicators obtained from remote sensing, due
to their cheapness, repeatability, up-to-dateness, and coverage of a wide study area, can cover the shortcomings
associated with station meteorological data and establish a more accurate connection between meteorological
drought and agricultural drought (Rostami et al, 2016).

In the present study, the MODIS sensor data was used MODIS sensor for drought monitoring due to its different
bands and potential electromagnetic spectrum (Sekato et al, 2001).

Remote sensing-based indices have been widely used for monitoring drought. However, studies have shown
different results depending on the location, environmental and climatic conditions, and the index used, and as a
result, there is no possibility of general comparison.

Therefore, the relationship between each satellite index and SPI in the study area should be examined. With regard
to the previous researches, in the present study, the aim is to evaluate the spatial and temporal drought using the SPI
meteorological index and the remote sensing indices of VCI, VHI, and TCI in the Bam Plain during 2009 to 2023.
Then, the correlation between the SPI index and selected satellite indices is examined.

Materials and Methods: To conduct this study, rainfall data of 9 meteorological stations were used to estimate the
standardized precipitation index (SPI) over the 2009 to 2023. Remote sensing-based indices were obtained from
MODIS sensor of the TERRA satellite image. For this purpose, Normalized Difference Vegetation Index
(MOD13A3) and Land Surface Temperature (MOD11A1) products were used with spatial resolution of 1 kilometer
over the 2009 to 2023. After receiving these images, they were processed using MODIS TOOLKIT extension in
ENVI 5.3. Then, the indices were analyzed in ArcGIS 10.7 to prepare drought maps. The remote sensing data used
in this study include the MOD13A3 and MODI11A1 products, which are related to the NDVI and LST indices,
respectively, which were received directly from the Earth Data Search website. In the next step, the standardized
precipitation index (SPI) was obtained based on the rain gauge and synoptic data of the existing stations in
MATLAB software. Then, the vegetation condition (VCI), temperature condition (TCI), and vegetation health
(VHI) indices were computed in ArcGIS10.7 and were compared in SPSS. Also, the Pearson correlation coefficient
was used to estimate the correlation between these indices and the SPI index values in SPSS software.

Results and Discussion: The purpose of this research is to monitor drought based on the VCI, TCI and VHI indices
extracted from MODIS sensor images. According to the research conducted, after calculating the values of the
indices and preparing drought maps of the studied region, the correlation between indices was calculated.
Considering the specific weather conditions of Iran and the climatic conditions of arid regions, it is not possible to
use the same methods and indices to study drought in all regions and expect completely similar results. Therefore,
the relationship between each satellite index and meteorological drought should be separately studied for each
region. Therefore, in each region, depending on the specific climatic conditions and vegetation cover, an appropriate
index should be selected for agricultural drought monitoring.

The advantage of satellite data is their application in areas where there are no meteorological stations or stations are
scattered, while remote sensing data can be used in such areas to estimate agricultural drought with high accuracy.
According to the results, considering the high correlation between the SPI index and satellite data, it can be concluded
that satellite images have high efficiency for drought monitoring which is consistent with the results of Hamzeh et al.
(2017), Shamsipour et al. (2010), Jahanbakhsh et al. (2010) and Arekhi et al. (2023). The results of this study show
that VCI provides better results (r=0.7) than VHI and TCI indices, which is line with the findings of Zambrano et al.
(2016) in the BioBio region of Chile, Rahimzadeh (2005) and Arekhi et al. (2023). Also, the vegetation condition
indices of VHI and VCI provide more acceptable results compared with the temperature factor index TCI (r=0.11).
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The results of Ray (2010) in the dry region of Arizona and New Mexico and Shareful et al. (2013) in northwestern
Bangladesh confirm this issue.

Conclusion: Using satellite images is a very suitable method for drought analysis in different regions of
Iran. Based on the results of this study, it can be concluded that the VCI, TCI and VHI indices concerning MODIS
sensor can be a good alternative for estimating the drought with respect to meteorological indices and consequently
can give a better idea on drought conditions in the study area. It was shown that remote sensing data can be
practically useful in analyzing the drought events in Bam plain. The use of maps derived from drought monitoring
and assessment indices can help improve drought management programs and play a significant role in reducing the
effects of drought.

Keywords: Drought, Standardized Precipitation Index, Temperature Condition Index, Vegetation Health Index,
Vegetation Condition Index.
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