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Abstract

Drought is one of the major climate hazards that has significantly impacted the environmental and
socio-economic conditions of Iran in recent years. As such, investigating and monitoring drought is
essential for understanding its occurrence and reducing vulnerability. This study evaluates the
efficiency of integrated multivariate indices compared to univariate indices for monitoring
agricultural drought based on satellite imagery in the Karkheh basin. Multivariate remote sensing
indices, including the Vegetation Health Index (VHI) and the Normalized Vegetation Soil Water
Index (NVSWI), alongside the univariate Normalized Land Surface Water Index (NLSWI), were
calculated to monitor drought conditions across the entire Karkheh watershed during May from
2001 to 2022. The results revealed frequent drought occurrences with varying intensities (low to
severe) during the statistical periods of 2001-2004, 2006-2010, 2012, and 2013-2015. The
performance of multivariate and univariate indices was validated against the Standardized
Precipitation Index (SPI) at one-, three-, and six-month scales, as well as the Streamflow Drought
Index (SDI). The highest correlation was observed between the NVSWI and SPI-1 (r = 0.71) and
SDI (r =0.64). Similarly, the VHI demonstrated a relatively strong correlation with SP1-1 (r = 0.66)
and SDI (r = 0.56). In contrast, the univariate NLSWI showed the weakest correlations with SPI-1
(r =0.42), SP1-3 (r = 0.21), and SDI (r = 0.40). The findings indicate that integrated multivariate
indices, such as NVSWI and VHI, outperform the univariate NLSWI index in agricultural drought
monitoring. This superiority is attributed to the inclusion of multiple factors, such as vegetation
health and land surface temperature, in multivariate indices. As a result, NVSWI and VHI provide
more comprehensive and accurate monitoring of drought conditions compared to univariate indices.
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Extended Abstract

Introduction

Drought is an environmental hazard that occurs in nearly all regions, particularly in arid and semi-arid climates,
and it can be effective at both regional and global levels (15). Given the negative and catastrophic effects of
this phenomenon on human life and all living beings, it is crucial to offer constructive solutions to handle,
control, and manage the drought crisis (39,36, 46). Various multi-spectral indices based on satellite images
have been created by many researchers for drought monitoring purposes due to this reason (31, 32, 51). The
results of past research showed that univariate indices are highly useful for specific locations and purposes.
However, they are incapable of providing a comprehensive evaluation of drought characteristics as a climate
phenomenon that is multivariable. Therefore, combining these indices can provide a superior outcome and
cover all aspects of drought (4) Hence Multivariable integrated indices like the Vegetation Health Index (VHI)
(27), Vegetation Supply Water Index (VSWI) (5), Temperature Vegetation Dryness Index (TVDI) (44),

Aggregate Drought Index (ADI) (24), Multivariate Drought Index (MDI) (40), Multivariate Integrated Drought
Index (MIDI) (6), Comprehensive Meteorological Drought Index (CI) (45), Microwave Integrated Drought
Index (MIDI) (47), Composite Vegetation Drought Indices (CVDI) and Meteorological Drought (CMDI) (49),
Modified Composite Drought Index (MCDI) (7), Factual Drought Index (FDI) (13), Composite Drought Index
(CDI) (22), Standard Integrated Drought Index (SIDI) (8) and so on, were presented by researchers. A
comprehensive index can be obtained for drought analysis and more acceptable results can be obtained by
adding more parameters that affect drought occurrence. Satellite indices can be used to monitor drought, but
their results are dependent on the environmental and climatic conditions in the region, according to research
findings. To monitor this phenomenon, it is necessary to evaluate the relationship between each satellite index
and the occurrence of drought in the studied region, and the appropriate index must be selected in each region
according to its vegetation and climatic conditions (2, 25). Most drought studies in Iran have not paid much
attention to how plants respond to drought, which is linked to crop water stress, and so far, there have been
fewer studies that have examined and compared drought trends with multivariate indices. Therefore, the
purpose of this study is to monitor drought using satellite indices and evaluate the efficiency of multivariate
indices for investigating droughts that have occurred during the 2001-2022-period in the Karkheh basin. Three
drought indices, including the Vegetation Health Index (VHI), the Normalized Land Surface Water Index
(NLSWI), and the Normalized Vegetation Supply Water Index (NVSWI), were chosen for this study.

Material and Methods

The Karkheh basin is located in the middle and southwestern parts of the Zagros Mountains in the west of Iran.
The basin covers a total area of 50,768 km?, with 55% of it located in mountainous areas, and the rest in plains
and foothills. The average annual temperature in the basin is between less than 5 °C in the higher parts of the
basin and 25 °C in the southern regions (fig. 1). According to satellite images and research, the growth period
of green vegetation in the studied region is from March to July, and depending on the climatic conditions in
some parts of the basin, it will last until the end of August (11, 3, 12). The peak of vegetation occurs at the end
of May (23). To monitor condition of vegetation and thermal stresses, MOD13A3 and MOD11A1 products
were received for calculating the VCI, TCI, VHI, NLSWI, and NVSW!I remote sensing indices from the USGS
for May during the 2001-2022 period (Tables 2, 3 and 4). The performance of remote sensing indices was
investigated using ground observation data from 11 rain gauge and hydrometric stations (Table 1) and SPI and
SDI drought indices in this research. The accuracy and precision of remote sensing indices were evaluated by
examining their correlation with SPI and SDI indices. The calculation of SPI and SDI indices was done after
sorting the data and reconstructing the missing data. Pearson's correlation coefficient was employed to examine
the correlation relationship between remote sensing indices with SPI11, SPI3, and SP16 and SDI in May of
2001-2022 (fig. 2).

Results and Discussion

According to the VHI, NLSWI, and NVSWI indices, the most severe droughts took place between 2001 and
2004, 2006 to 2010, and 2012 to 2015. According to the results of the VHI and NVSWI indices, the drought
was more severe and widespread in 2008 and covered almost the entire basin (fig. 3 and fig. 4, and Tables 5
and 6). The NLSWI index data revealed that the most severe drought took place in 2012 (fig. 5 and Table7).
Comparing of the average indices of VHI, NVSWI and NLSWI with SPI and SDI showed that there is a
significant relationship between precipitation patterns, surface flows and dry and wet conditions. The SPI and
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SDI indices have a good agreement on the results of all three indices (fig. 6 and Table 8). Thus, it can be
concluded that remote sensing indices are powerful enough to monitor droughts. This research's validation
results revealed that NVSWI and VHI multivariate indices are more effective than NLSWI univariate index.
NVSWI and VHI multivariable indices can be a useful tool for investigating drought conditions because they
take into account factors such as land surface temperature and vegetation condition simultaneously.

Conclusion

Considering the special weather conditions in Iran, particularly the climatic conditions of arid and semi-arid
regions, the use of the same indicators to monitor drought in different regions cannot lead to the same results.
Therefore, the relationship between each remote sensing index and drought in each region should be studied
separately depending on the specific climatic conditions and vegetation of that region, and selecting the
appropriate index is necessary for drought monitoring.

Keywords: Agricultural drought; Remote sensing; Univariate indices; Multivariate indices
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Fig 1. The location of the study area and the rain gauge and hydrometry stations in the Karkheh river basin

Table 1. The characteristics of the rain gauge and hydrometry stations located in the Karkheh River Basin (18)

No. Code Station Latitude Longitude Station Type
1 21-111 Aghajanblaghi 34°50 48°04' Rain gauge
2 21-113 Aran 34°24' 47°33' Rain gauge and hydrometry
3 21-127 Pole Chehr 34°21" 47°26' Rain gauge and hydrometry
4 21-133 Doab Merek 34°33' 46°47' Rain gauge and hydrometry
5 21-147 Halilan- Seimareh 33°44' 46°39’ Rain gauge and hydrometry
6 21-157 Dartoot 33°44' 46°39’ Rain gauge and hydrometry
7 21-167 Dehno 33°31' 48°47' Rain gauge and hydrometry
8 21-173 Doab Veisian 32°48' 48°47' Rain gauge
9 21-189 Pole Zal 32°48' 48°05' Rain gauge and hydrometry
10 21-191 Pay Pol 32°25' 48°09' Rain gauge and hydrometry
11 21-411 Nazar Abad 33°10’ 47°25' Rain gauge and hydrometry
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Table 2. Table 2. MODIS satellite products used in this study

Satellite Sensor Product Spatial Resolution Index
Terra MODIS MOD 13As 1 km VCI & NLSWI
Terra MODIS MOD 11A: 1 km TCI
Terra MODIS MOD 13A3 MOD 11A: 1 km VHI & NVSWI

Table 3. Computational relationships of each remote sensing indices

No. Index Equation Reference
NDVIij, — NDVI;pin
VCI = :
1 Vel NDVI; g — NDVI; pin (26)
NLSWI — LSWl;ji — LSWI; pin
2 NLSWI LSWI; max — LSWI; in (17)
LSWI = NIR — SWIR
" NIR + SWIR
LST; ynax — LSTiji
3 TCI TCI = : 26
LSTi,max - LSTi,min ( )
= — * <a<
4 VHI VHI = a*VCI+ (1 aa:) O'ECI o<ac<1 (53)
NVSWI = VSWij — VSWI i
" VSWInax — VSWI nin
5 NVSWI — NDVI an
__LST

Table 4. Classification of drought conditions based on the SPI, SDI, and remote sensing indices

VHI, NVSWI & NLSWI SDI & SPI Drought situation
VHI, NVSWI & NLSWI >80 SPI & SDI>0 No drought
60 < VHI, NVSWI & NLSWI <80 -1< SPI&SDI<0 Mild
40 < VHI, NVSWI & NLSWI < 60 -1.5< SPI & SDI <-1 Medium
20 < VHI, NVSWI & NLSWI < 40 -2<SPI & SDI <-1.5 Severe
VHI, NVSWI & NLSWI < 20 SPI & SDI<-2 Very intense

Collection and preparation
Download satellite images precipitation and discharge data

( ‘ MODI3A3 ‘
MODI11A1 MODI13A3
MOD13A3 MODILAL

@
@
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Fig 2. The research steps flowchart
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Table 5. Percentage of area of drought classes based on the VHI index for May in the Karkheh river basin

Year No drought Mild Medium Severe Very intense
2001 453 16.6 16 11.7 104
2002 64.1 10.2 9.1 7 9.6
2003 56.2 13 111 8.4 11.3
2004 51.5 174 15 9.8 6.3
2005 52.6 14.1 12.6 9.9 10.8
2006 67 15.1 102 5 2.7
2007 74 9.9 7.2 4.6 43
2008 9.3 5.8 9.7 33.1 421
2009 43.7 16.5 14 9.6 16.2
2010 76.8 6.5 6 55 5.2
2011 82.7 8.8 51 2.2 2.2
2012 434 15.7 149 121 13.9
2013 48.6 14.9 151 11.7 9.7
2014 33 20 22.6 15.7 8.7
2015 49.6 113 131 13 13
2016 75.8 9.5 6.9 4.3 35
2017 67 12.7 9.2 5.7 5.3
2018 77.1 9.9 6.1 3.6 3.3
2019 774 9.1 5.2 4.1 4.2
2020 62.8 11.2 9.6 10.8 5.6
2021 73.8 10.5 8.6 39 3.2
2022 73.6 114 8.2 3.1 3.7

2019

legend

Very severe drought
Severe drought

2021 Moderate drought N
Mild drought
0 95 190 380 570 760 No dl‘Ollght

- ilometers

Fig 3. Drought situation in May based on VHI index in the Karkheh river basin
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Table 6. Percentage of area of drought classes based on the NVSWI index for May in the Karkheh river basin

Year No drought Mild Medium Severe Very intense
2001 94.1 4.8 1 0.1 0
2002 37.6 20 19.3 131 10
2003 53.7 195 16.1 4 6.7
2004 47.7 18.3 147 10 9.3
2005 66.4 15.8 11.7 49 12
2006 252 224 258 185 8.1
2007 24.6 23 27.8 17.6 7
2008 5.6 5.9 9.9 145 64.1
2009 92.6 4.4 24 0.5 0.1
2010 313 15.1 18.2 16.8 18.6
2011 7.7 149 5.6 1.2 0.6
2012 98.7 0.8 0.3 0.1 0.1
2013 88.7 6 33 1.3 0.7
2014 195 124 21.3 24.9 219
2015 19 175 231 21.3 19.1
2016 61.8 20.1 117 48 1.6
2017 84.5 11.3 31 0.8 0.3
2018 59.2 19.8 12.8 5.7 25
2019 95.5 2.3 11 05 0.6
2020 95.9 2.1 0.9 0.6 0.5
2021 76.5 148 3.9 2.2 2.6
2022 91.8 3.5 1 24 13

legend

Very severe drought
Severe drought
Moderate drought

‘ N
Mild drought
°_ QD_ 150 0 = 722ilometers No drought

Fig 4. Drought condition in May based on NVSWI index in the Karkheh river basin
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Table 7. Percentage of area of drought classes based on NLSWI index for May in the Karkheh river basin

Year No drought Mild Medium Severe Very intense
2001 55.6 23.2 15.8 4.7 0.7
2002 63.3 137 114 9.3 2.3
2003 74.2 12 7.1 51 1.6
2004 74.1 143 6.6 3.6 14
2005 71 155 9 34 11
2006 77 10.1 6.8 3.9 2.2
2007 80.4 115 5.7 1.9 0.5
2008 52.6 145 12.8 10.1 10
2009 58.2 17.8 14.7 7.6 17
2010 82.5 8 6.5 24 0.6
2011 815 59 7.6 52 0.1
2012 11 11 145 32.3 31.2
2013 46.3 21.9 19.6 10 2.2
2014 41.6 20.2 17.8 12.7 1.7
2015 88.7 5.6 39 1.6 0.2
2016 705 104 7.9 8.4 2.8
2017 64.9 134 8.3 9.8 3.6
2018 83.6 8.6 5.4 21 0.3
2019 88 6.4 35 1.9 0.2
2020 85.6 6.3 2.8 2.2 3.1
2021 87.7 4.2 2.9 24 2.8
2022 91.8 3.2 11 1.8 21

Very severe drought
Severe drought
Moderate drought
Mild drought

0_ s 180 360 540 720 No drought

Fig 5. Drought situation in May based on the NLSWI index in the Karkheh river basin
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Fig 6. The correlation coefficient between remote sensing and ground-based measurements in the Karkheh river
basin

Table 8. RMSE and MAE values for measuring the relationship between remote sensing indices and SPI/SDI

o SPI-1 SPI-3 SPI-6 SDI
Remote sensing indices
RMSE MAE RMSE MAE RMSE MAE RMSE MAE
VHI 018  0.16 0.24 0.2 0.29 0.27 0.32 0.29
NVSWI 015 013 0.21 0.17 0.22 0.19 0.21 0.20

NLSWI 0.31 0.29 0.37 0.34 0.42 0.40 0.39 0.41
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2 Normalized Vegetation Supply Water Index (NVSWI)

! Normalized Land Surface Water Index (NLSWI)
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4 Normalized Difference Vegetation Index (NDVI)
5 Land Surface Temperature (LST)
6 http://Ipdaac.usgs.gov/

! Standardized precipitation index (SPI)
2 Streamflow Drought Index (SDI)
3 Moderate Resolution Imaging Spectroradiometer (MODIS)
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