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Abstract  

Drought assessment for agricultural sector is vital in order to deal with the water 
scarcity in Ahmednagar and Pune districts, particularly in sub-watersheds of upper 
catchment of the River Bhima. Moderate Resolution Imaging Spectro-radiometer 

(MODIS) satellite data (2000, 2002, 2009, 2014, 2015 and 2017) for the years 
receiving less rainfall have been procured and various indices were computed to 
understand the intensity of agricultural droughts in the area. Vegetation health index 
(VHI) is computed on the basis of vegetation moisture, vegetation condition and land 
surface temperature condition. Most of the reviewed area shows moderate to extreme 
drought conditions.  
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1 INTRODUCTION 
 

Droughts largely influence the ecological, cultural and 
socio-economic sectors (Dalezios et al., 2014; Skakun et 

al., 2016; Amalo et al., 2017). Generally, droughts are 

categorized into meteorological, agricultural and 

hydrological (Zargar et al., 2011). Prediction of drought 

is associated with the monsoon conditions which are 

controlled by distribution of various regional and local 

factors like El Nino and Southern Oscillation (ENSO) 

events, atmospheric parameters, etc. (Ropelewski and 

Halpert, 1986). The impact of drought is prominently 

visualized on agricultural sector because of the 

reduction in crop cultivation, stunted growth and 

productivity (Sruthi and Aslam, 2015).  

The share of rainfed crops is very high in semi-arid 

regions of India. Various indices based on remotely 

sensed data, statistical methods, GIS techniques and 

hydrogeological investigations have been introduced for 

monitoring and predicting drought characteristics such 

as duration, severity and areal extent (Khalil et al., 2013; 

Domenikiotis et al., 2004; Thenkabail and Gamage, 

2004; Arshad et al., 2007; Murad and Islam, 2011; 

Wardlow et al., 2012; Melese et al., 2018). These 

indices are helpful for classification of the area into 

various drought zones viz. high, moderate, low and no 

drought (Kogan, 2001). Vegetation Health Index (VHI) 
is function of Temperature Condition Index (TCI) and 

Vegetation Condition Index (VCI), which is an indicator 

of green growth. In this study, the droughts in Bhima 

catchment area have been evaluated using VHI to 

understand the intensity.  

2 STUDY AREA 

Four sub-watersheds namely BM-7, BM-17, BM-33 and 

BM-34 (1778.16 km2) of Upper Bhima catchment (73º 

50′ 41″ E to 74º 40′ 07″ E and 18º 29′ 11″ N to 19º 10′ 

23″ N) have been selected for the present study (Figure 

1). It is a part of Deccan Basaltic Province from Pune 
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(Ambegaon, Shirur and Junnar) and Ahmednagar 

(Parner and Shrigonda) districts. The regional relief 

decreases from west to east with the highest elevation of 

965m and the lowest being 425m above MSL. The area 

experiences sub-tropical to tropical temperate monsoon 

climate with a hot summer and general dryness 
throughout the year except during the monsoon season 

(June to September). Average annual rainfall is 610mm 

which 75% occurs in four months, from June to 

September (IMD). 

3 METHODOLOGY 

3.1 Data 

Rainfall data (1981 to 2017) have been procured from 

IMD to sort out scanty rainfall years. Considering the 

availability of 250m resolution and relative clarity in 

MODIS data, it was used in this research to derive 

Vegetation Health Index (VHI). The details of the 
satellite data are: MODIS/Terra, (16-day) NDVI product 

MOD13A2 and MOD11A2, Land Surface 

Temperature/Emissivity (8-days) LST product. Global 

MOD13A2 and MOD11A2 data are available for every 

16 days and 8 days, respectively, at 1km spatial 

resolution as a griddedlevel-3 product in Sinusoidal 

projection. The data of pre-and post-monsoon seasons 

(April, May and November, December) has been used 

for the analysis for six low rainfall years (2000, 2002, 

2009, 2014, 2015 and 2017).  

3.2 Pre-processing of Satellite Data 

The MODIS NDVI (16 bit signed integer) and LST 

(16bit unsigned integer) data are available in 

Hierarchical Data Format (HDF) with valid range from 

2000 to 10,000 (NDVI) and 7500 to 65535 (LST). The 

data for the study area was covered in two tiles (h24v07 
and h25v07) and converted to tiff format. The image 

mosaic and projection from sinusoidal to UTM (Zone-

43N) was performed for the entire dataset. Normalized 

Difference Vegetation Index (NDVI) values were 

rescaled between +1 to -1 by multiply 0.0001 and Land 

Surface Temperature by 0.02 factors.  

3.3 Drought Indices 

3.3.1 Normalized Difference Vegetation Index (NDVI) 

NDVI values were used to identify the area with green 

cover, health of plants, growth pattern of agriculture, 

water stressed crops and also the different type of crops 
as well as vegetation. (Dutta et al., 2015; Tarpley et al., 

1984; Tucker et al., 1985). NDVI has been calculated 

using ‘Raster Calculator’ in GIS software as: 

     
       

       
   

where,  

NIR= Reflectance in Near Infrared band. 

RED= Reflectance in Red band. 

 

 

 

Figure 1. Study area
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3.3.2 Vegetation Condition Index (VCI) 

Vegetation Condition Index has been introduced by 

Kogan (1990). The VCI calculations are based on NDVI 

values with respect to its maximum amplitude. VCI is 

the function of NDVI values of specific area or pixel 

and it is the subtraction of NDVI value to the minimum 

NDVI values of that pixel or area divided by the sum of 

NDVI maximum value and NDVI minimum value of the 

entire area into 100. The maximum amplitude shows the 

highest possible variation from the values (Liu and 

Kogan, 1996). 

VCI (%) is calculated as: 

     
             

               

     

Where,  

    =  VCI at the jth period in a specific month. 

      = NDVI at the jth period in a specific month. 

        = Maximum value of the NDVI for that year. 

        = Minimum value of the NDVI. 

VCI (%) value ranges between 50 and 100 are 
indicating good condition of vegetation, while values 

less than 35 show severe drought condition. Although 

there are many other vegetation and derived indices, but 

VCI and NDVI deviation from historic NDVI are being 

used on operational basis to assess drought situation 

(Kogan, 1995). VCI is the average greenness of the 

same area over given defined time based on pixel values 

of same location. 

3.3.3 Land Surface Temperature (LST) 

The MODIS data provides LST as well as the 

Emissivity (E) values for every pixel based on its 

radiances. The temperature is also calculated using scale 
factor from kelvin. The precise DN values were 

calculated using following equation: 

Temperature = (         ) - 273.15ºC 

3.3.4 Temperature Condition Index (TCI) 

Generally, VCI is recommended for drought assessment, 

however, it has been seen that only VCI is not helpful 

for precise drought identification. Therefore the 

atmospheric parameter such as temperature is also used 

for the assessment of drought in the area. Hence, to 

improve the drought assessment results, TCI was 
recommended to capture different responses of 

vegetation to in-situ temperature that provide additional 

information. TCI can be obtained by employing thermal 

channels of MODIS (Kogan, 1995). The TCI was 

calculated using the following formula: 

    
           

             

     

where,  

     =  LST value of current month. 

       =  Minimum LST value calculated from 

multiyear time series data. 

       = Maximum LST value calculated from 

multiyear time series data. 

3.3.5 Vegetation Health Index (VHI) 

Vegetation Health Index was calculated to assess both 

vegetation and temperature condition that together 

helpful in understanding the drought intensity. The VHI 

is expressed as following formula: 

           )        )) 

Where, VHI is related to VCI and TCI by ‘ ’ equals to 

0.5 (Rojas et al., 2011; Kogan, 2001).  

The VHI pixel values were classified into five 

categories to understand the distribution of drought 

intensity based on classification scheme given by Kogan 

(2002) (Table 1). 
 

Table 1. VHI based classification scheme for drought 
mapping (Kogan, 2002) 

Classes VHI values 

Extreme drought <10 

Severe drought 10-20 

Moderate drought 20-30 

Mild drought 30-40 

No drought >40 

 

4 RESULTS AND DISCUSSIONS 

4.1 NDVI and LST 

The study area was having different drought condition 

with change in temperature and vegetation, which was 

studied with the help of NDVI and LST as basic 

parameter for deriving the associated parameter. NDVI 

and LST values for the months of April and May (pre-

monsoon) and November and December (post-

monsoon) of the low rainfall years (2000, 2002, 2009, 

2014, 2015 and 2017) have been plotted (Figure 2 and 
3) and inverse proportion to each other. There is a 

decrease in temperature results into increasing the 

vegetation with high NDVI values and vice versa. The 

study shows that the NDVI decreases with increasing 

atmospheric temperature. This severity of drought is 

increasing in per-monsoon season (Jan-May) and goes 

on decreasing from post-monsoon season (November-

December). NDVI values are decreasing during the pre-

monsoon months of April and May whereas November 

and December show increasing vegetation density. The 

change study of these droughts indicates considerable 
alterations (p < 0.05) between the years of study. The 

association among NDVI and periodic precipitation was 

statistically noteworthy. There were substantial 

variations in NDVI and precipitation values. The 

maximum NDVI value was detected when the mean 

periodic precipitation was well scattered and the 

minimum NDVI value was documented when 

precipitation was less. Precipitation was less during the 

years 2000, 2002, 2009, 2014, 2015 and 2017. The 

lowest NDVI retorted as precipitation altered throughout 

the dry years, particularly 2000, 2002 and 2009, Higher 
NDVI values observed for both the seasons in 2014 as 

compare to other scanty rainfall years (Figure 2). 
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The higher NDVI values indicate healthy and 

dense vegetation. To enhance the prediction accuracy, it 

is necessary to integrate another parameter and hence 

the present study incorporates LST as a subsequent 

parameter. LST is between 32.9°C to 40.5°C (Figure 3) 

but in the year 2009, it has decreased. Dry soil usually 
has high LST and low NDVI.  

4.2 Vegetation Health Index (VHI) 

The Vegetation Health Index (VHI) maps are prepared 

by combining LST day time temperature and NDVI 

(Figure 4A, B, C and D). It shows varying severity 

levels of agricultural drought mostly in the central, 

western and south western parts of the study area. 

The central part of the study area shows severe to 

extreme drought condition in pre- and post-monsoon 

seasons for all six years. Upper part of the area having 

mild to no drought condition in most of the years 
because this area is in proximity to Western Ghats and 

hence receives high rainfall. The area under extreme 

drought category is high in April than May for the years 

2000 and 2017. 

VHI for the month of April in year 2000, 2002 and 

2009, cover 27%, 28% and 29.9% area, respectively 

under severe drought conditions. Similarly, year 2014, 

2015 and 2017 had a moderate drought covering 24.3%, 

26.1% and 22.8% areas, respectively. Month of May for 

all the years under study except 2015 has recorded 
severe drought conditions covering 29.5%, 28.3%, 

24.5%, 25.2% and 25% the total area correspondingly. 

Two post-monsoon months were November and 

December show a slight change in drought severity. In 

the month of November all the years excluding 2017 

have recorded moderate drought condition covering the 

largest areas of 26%, 28%, 31%, 29.5% and 25% while 

2017 records mild drought in the area of 28.3%. In 

December of 2000, 2002, 2009 and 2015 show moderate 

drought conditions in 23.8%, 25.8%, 28.4% and 30.4% 

of the total area, respectively. It has come down during 
2014 and 2017 to mild drought conditions for 30.6% and 

28.5% area, respectively. 

 

 

 

Figure 2. Normalized Difference Vegetation Index 

 

 

Figure 3. Land Surface Temperature 
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Figure 4. Vegetation Health Index: A) April, B) May, C) November and D) December 
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Table 2. Distribution of drought severity 

Years Drought severity 
Area (%) 

April May November December 

2000 Extreme drought 24.3 19.7 14.3 16.0 

  Severe drought 27.0 29.5 24.8 22.4 

  Moderate drought 22.2 22.4 26.3 23.8 

  Mild drought 15.7 28.4 21.8 20.5 

  No drought 10.9 0.0 12.9 17.2 

2002 Extreme drought 21.5 25.8 14.9 13.7 

  Severe drought 28.9 28.3 20.3 23.1 

  Moderate drought 24.4 23.0 28.5 25.8 

  Mild drought 19.2 17.2 36.2 24.2 

  No drought 6.0 5.7 0.0 13.2 

2009 Extreme drought 15.1 19.5 12.1 11.5 

  Severe drought 29.9 24.5 26.3 24.8 

  Moderate drought 28.6 21.7 31.1 28.4 

  Mild drought 22.7 23.4 30.5 25.2 

  No drought 3.8 10.8 0.0 10.0 

2014 Extreme drought 16.8 16.8 8.9 8.5 

  Severe drought 24.1 25.2 25.0 17.0 

  Moderate drought 24.3 25.1 29.5 27.5 

  Mild drought 21.5 20.2 24.1 30.6 

  No drought 13.3 12.7 12.5 16.4 

2015 Extreme drought 11.0 13.9 11.4 5.3 

  Severe drought 24.5 24.0 21.6 20.2 

  Moderate drought 26.1 25.2 25.6 30.4 

  Mild drought 24.9 23.5 22.7 29.2 

  No drought 13.4 13.4 18.7 14.9 

2017 Extreme drought 19.8 15.8 12.1 12.3 

  Severe drought 22.8 25.0 21.7 22.2 

  Moderate drought 22.8 22.3 25.5 28.0 

  Mild drought 20.3 23.4 28.3 28.5 

  No drought 14.3 13.5 12.5 8.9 

 

 

5 CONCLUSION 

Drought signatures are delayed visibility as compared to 

other disasters. The harshness of drought differs from 

sector to sector viz. hydrological, agricultural and 

meteorological. Due to the change in rainfall pattern and 

vagaries of monsoon, the average annual rainfall may be 

satisfactory but lack of rains in the month of June/July 

poses the pressure on rainfed crops. Thus, there may not 

be a drought prone situation for meteorologists but 

farmers could face this severity. Thus, to address this 

issue of changing rainfall pattern there is an urgent need 

to assess drought for each sector, separately. The study 

reveals the intensity of drought vary between extreme to 
moderate in all these years. The result also indicates no 

significant difference in drought condition of pre-

monsoon and post-monsoon months. Thus, rising 

temperature could be one of the significant reasons for 
drought in the study area. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

ABBREVIATIONS 

DN: Digital Number; ENSO: El Nino and Southern 

Oscillation; LST: Land Surface Temperature; MODIS: 

Moderate Resolution Imaging Spectroradiometer; 

NDVI: Normalized Difference Vegetation Index; TCI: 

Temperature Condition Index; UTM: Universal 

Transverse Mercator; VCI: Vegetation Condition Index; 

VHI: Vegetation Health Index. 



Remote Sensing of Land, 2(2), 105-111, 2018.                     Zagade et al. 

111 

 

ACKNOWLEDGEMENTS 

Authors are thankful to anonymous reviewers for 

constructive comments and suggestions on the 

manuscript. 

REFERENCES 

Amalo, L. F., Hidayat, R., and Sulma, S., 2017. Analysis of 
agricultural drought in east java using vegetation health 
index. AGRIVITA, Journal of Agricultural 
Science, 40(1), 63-73. 

Arshad, S., Morid, S., Mobasheri, M. R., and Alikhani, M. A., 
2007. Development of agricultural drought risk 
assessment model for Kermanshah Province (Iran), 
using satellite data and intelligent methods. 
In Proceeding: The first international conference on 

Drought Management, Zaragoza, Spain, 12, 303-310. 
Dalezios, N. R., Blanta, A., Spyropoulos, N. V., and Tarquis, 

A. M., 2014. Risk identification of agricultural drought 
for sustainable agroecosystems. Natural Hazards and 
Earth System Sciences, 14(9), 2435-2448. 

Domenikiotis, C., Spiliotopoulos, M., Tsiros, E., and Dalezios, 
N. R., 2004. Early cotton yield assessment by the use 
of the NOAA/AVHRR derived Vegetation Condition 

Index (VCI) in Greece. International Journal of 
Remote Sensing, 25(14), 2807-2819. DOI: 
https://doi.org/10.1080/01431160310001632729 

Dutta, D., Kundu, A., Patel, N. R., Saha, S. K., and Siddiqui, 
A. R., 2015. Assessment of agricultural drought in 
Rajasthan (India) using remote sensing derived 
Vegetation Condition Index (VCI) and Standardized 
Precipitation Index (SPI). The Egyptian Journal of 

Remote Sensing and Space Science, 18(1), 53-63. DOI: 
https://doi.org/10.1016/j.ejrs.2015.03.006 

Garg, K. K., Gaur, A., and Immerzeel, W. W., 
2008. Integrating spatial dynamics for sustainable 
water management at the river basin scale: identify 
areas to improve agricultural water productivity in 
upper Bhima Catchment of South India, IWMI 
Conference Proceedings 273365, International Water 

Management Institute. 
Khalil, A. A., Abdel-Wahab, M. M., Hassanein, M. K., 

Ouldbdey, B., Katlan, B., and Essa, Y. H., 2013. 
Drought monitoring over Egypt by using MODIS land 
surface temperature and normalized difference 
vegetation index. Nature and Science, 11(11), 116-122. 

Kogan, F. N., 1990. Remote sensing of weather impacts on 
vegetation in non-homogeneous areas. International 
Journal of Remote Sensing, 11(8), 1405-1419. DOI: 

https://doi.org/10.1080/01431169008955102 
Kogan, F. N., 1995. Application of vegetation index and 

brightness temperature for drought detection. Advances 
in space research, 15(11), 91-100. DOI: 
https://doi.org/10.1016/0273-1177(95)00079-T 

Kogan, F. N., 2001. Operational space technology for global 
vegetation assessment. Bulletin of the American 
Meteorological Society, 82(9), 1949-1964. DOI: 

https://doi.org/10.1175/1520-
0477(2001)082<1949:OSTFGV>2.3.CO;2 

Kogan, F., 2002. World droughts in the new millennium from 
AVHRR-based vegetation health indices. Eos, 
Transactions American Geophysical Union, 83(48), 
557-563. DOI: https://doi.org/10.1029/2002EO000382 

Liu, W. T., and Kogan, F. N., 1996. Monitoring regional 
drought using the vegetation condition 
index. International Journal of Remote 
Sensing, 17(14), 2761-2782. DOI: 
https://doi.org/10.1080/01431169608949106 

Melese, A., Suryabhagavan, K. V. and Balakrishnan, M., 
2018. Multi-model and vegetation indices for drought 
vulnerability assessment: A case study of Afar Region 
in Ethiopia. Remote Sensing of Land, 2(1), 1-14. DOI: 
https://doi.org/10.21523/gcj1.18020101 

Murad, H., and Islam, A. S., 2011. Drought assessment using 
remote sensing and GIS in north-west region of 
Bangladesh. In Proceedings of the 3rd International 

Conference on Water and Flood Management, 797-
804. 

Rojas, O., Vrieling, A., and Rembold, F., 2011. Assessing 
drought probability for agricultural areas in Africa with 
coarse resolution remote sensing imagery. Remote 
sensing of Environment, 115(2), 343-352. DOI: 
https://doi.org/10.1016/j.rse.2010.09.006 

Ropelewski, C. F., and Halpert, M. S., 1986. North American 

precipitation and temperature patterns associated with 
the El Niño/Southern Oscillation (ENSO). Monthly 
Weather Review, 114(12), 2352-2362. DOI: 
https://doi.org/10.1175/1520-
0493(1986)114<2352:NAPATP>2.0.CO;2 

Skakun, S., Kussul, N., Shelestov, A., and Kussul, O., 2016. 
The use of satellite data for agriculture drought risk 
quantification in Ukraine. Geomatics, Natural Hazards 
and Risk, 7(3), 901-917. DOI: 

https://doi.org/10.1080/19475705.2015.1016555 
Sruthi, S., and Aslam, M. M., 2015. Agricultural drought 

analysis using the NDVI and land surface temperature 
data: A case study of Raichur district. Aquatic 
Procedia, 4, 1258-1264. DOI: 
https://doi.org/10.1016/j.aqpro.2015.02.164 

Tarpley, J. D., Schneider, S. R., and Money, R. L., 1984. 
Global vegetation indices from the NOAA-7 

meteorological satellite. Journal of Climate and 
Applied Meteorology, 23(3), 491-494. DOI: 
https://doi.org/10.1175/1520-
0450(1984)023<0491:GVIFTN>2.0.CO;2 

Thenkabail, P. S., and Gamage, M. S. D. N., 2004. The use of 
remote sensing data for drought assessment and 
monitoring in Southwest Asia, 85. IWMI. 

Tucker, C. J., Townshend, J. R., and Goff, T. E., 1985. African 

land-cover classification using satellite 
data. Science, 227(4685), 369-375. DOI: 
https://doi.org/10.1126/science.227.4685.369 

Wang, H., Lin, H., and Liu, D., 2014. Remotely sensed 
drought index and its responses to meteorological 
drought in Southwest China. Remote sensing 
letters, 5(5), 413-422. DOI: 
https://doi.org/10.1080/2150704X.2014.912768 

Wardlow, B. D., Anderson, M. C. and Verdin, J. P., 
2012. Remote Sensing Of Drought: Innovative 
Monitoring Approaches. CRC Press. 

Zargar, A., Sadiq, R., Naser, B., and Khan, F. I., 2011. A 
review of drought indices. Environmental Reviews, 19, 
333-349. DOI: https://doi.org/10.1139/a11-013 

Zhu, J., Miller, A. E., Lindsay, C., Broderson, D., Heinrichs, 
T., and Martyn, P., 2013. MODIS NDVI products and 
metrics user Manual. 

***** 

https://agrivita.ub.ac.id/index.php/agrivita/article/view/1080
https://agrivita.ub.ac.id/index.php/agrivita/article/view/1080
https://agrivita.ub.ac.id/index.php/agrivita/article/view/1080
https://agrivita.ub.ac.id/index.php/agrivita/article/view/1080
https://www.nat-hazards-earth-syst-sci.net/14/2435/2014/
https://www.nat-hazards-earth-syst-sci.net/14/2435/2014/
https://www.nat-hazards-earth-syst-sci.net/14/2435/2014/
https://www.nat-hazards-earth-syst-sci.net/14/2435/2014/
https://www.tandfonline.com/doi/abs/10.1080/01431160310001632729
https://www.tandfonline.com/doi/abs/10.1080/01431160310001632729
https://www.tandfonline.com/doi/abs/10.1080/01431160310001632729
https://www.tandfonline.com/doi/abs/10.1080/01431160310001632729
https://www.tandfonline.com/doi/abs/10.1080/01431160310001632729
https://www.sciencedirect.com/science/article/pii/S1110982315000095
https://www.sciencedirect.com/science/article/pii/S1110982315000095
https://www.sciencedirect.com/science/article/pii/S1110982315000095
https://www.sciencedirect.com/science/article/pii/S1110982315000095
https://www.sciencedirect.com/science/article/pii/S1110982315000095
https://www.sciencedirect.com/science/article/pii/S1110982315000095
https://ideas.repec.org/p/ags/iwmicp/273365.html
https://ideas.repec.org/p/ags/iwmicp/273365.html
https://ideas.repec.org/p/ags/iwmicp/273365.html
https://ideas.repec.org/p/ags/iwmicp/273365.html
https://ideas.repec.org/p/ags/iwmicp/273365.html
https://ideas.repec.org/p/ags/iwmicp/273365.html
https://ideas.repec.org/p/ags/iwmicp/273365.html
https://www.tandfonline.com/doi/abs/10.1080/01431169008955102
https://www.tandfonline.com/doi/abs/10.1080/01431169008955102
https://www.tandfonline.com/doi/abs/10.1080/01431169008955102
https://www.sciencedirect.com/science/article/pii/027311779500079T
https://www.sciencedirect.com/science/article/pii/027311779500079T
https://www.sciencedirect.com/science/article/pii/027311779500079T
https://journals.ametsoc.org/doi/abs/10.1175/1520-0477%282001%29082%3C1949%3AOSTFGV%3E2.3.CO%3B2
https://journals.ametsoc.org/doi/abs/10.1175/1520-0477%282001%29082%3C1949%3AOSTFGV%3E2.3.CO%3B2
https://journals.ametsoc.org/doi/abs/10.1175/1520-0477%282001%29082%3C1949%3AOSTFGV%3E2.3.CO%3B2
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2002EO000382
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2002EO000382
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2002EO000382
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2002EO000382
https://www.tandfonline.com/doi/abs/10.1080/01431169608949106
https://www.tandfonline.com/doi/abs/10.1080/01431169608949106
https://www.tandfonline.com/doi/abs/10.1080/01431169608949106
https://www.tandfonline.com/doi/abs/10.1080/01431169608949106
https://www.gathacognition.com/article/gca30/multi-model-and-vegetation-indices-for-drought-vulnerability-assessment:-a-case-study-of-afar-region-in-ethiopia?show=abstract
https://www.gathacognition.com/article/gca30/multi-model-and-vegetation-indices-for-drought-vulnerability-assessment:-a-case-study-of-afar-region-in-ethiopia?show=abstract
https://www.gathacognition.com/article/gca30/multi-model-and-vegetation-indices-for-drought-vulnerability-assessment:-a-case-study-of-afar-region-in-ethiopia?show=abstract
https://www.gathacognition.com/article/gca30/multi-model-and-vegetation-indices-for-drought-vulnerability-assessment:-a-case-study-of-afar-region-in-ethiopia?show=abstract
https://akmsaifulislam.buet.ac.bd/publication/ICWFM2011_full_paper_27.pdf
https://akmsaifulislam.buet.ac.bd/publication/ICWFM2011_full_paper_27.pdf
https://akmsaifulislam.buet.ac.bd/publication/ICWFM2011_full_paper_27.pdf
https://akmsaifulislam.buet.ac.bd/publication/ICWFM2011_full_paper_27.pdf
https://akmsaifulislam.buet.ac.bd/publication/ICWFM2011_full_paper_27.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0034425710002798
https://www.sciencedirect.com/science/article/abs/pii/S0034425710002798
https://www.sciencedirect.com/science/article/abs/pii/S0034425710002798
https://www.sciencedirect.com/science/article/abs/pii/S0034425710002798
https://journals.ametsoc.org/doi/abs/10.1175/1520-0493%281986%29114%3C2352%3ANAPATP%3E2.0.CO%3B2
https://journals.ametsoc.org/doi/abs/10.1175/1520-0493%281986%29114%3C2352%3ANAPATP%3E2.0.CO%3B2
https://journals.ametsoc.org/doi/abs/10.1175/1520-0493%281986%29114%3C2352%3ANAPATP%3E2.0.CO%3B2
https://journals.ametsoc.org/doi/abs/10.1175/1520-0493%281986%29114%3C2352%3ANAPATP%3E2.0.CO%3B2
https://www.tandfonline.com/doi/full/10.1080/19475705.2015.1016555
https://www.tandfonline.com/doi/full/10.1080/19475705.2015.1016555
https://www.tandfonline.com/doi/full/10.1080/19475705.2015.1016555
https://www.tandfonline.com/doi/full/10.1080/19475705.2015.1016555
https://www.sciencedirect.com/science/article/pii/S2214241X15001650
https://www.sciencedirect.com/science/article/pii/S2214241X15001650
https://www.sciencedirect.com/science/article/pii/S2214241X15001650
https://www.sciencedirect.com/science/article/pii/S2214241X15001650
https://journals.ametsoc.org/doi/abs/10.1175/1520-0450%281984%29023%3C0491%3AGVIFTN%3E2.0.CO%3B2
https://journals.ametsoc.org/doi/abs/10.1175/1520-0450%281984%29023%3C0491%3AGVIFTN%3E2.0.CO%3B2
https://journals.ametsoc.org/doi/abs/10.1175/1520-0450%281984%29023%3C0491%3AGVIFTN%3E2.0.CO%3B2
https://journals.ametsoc.org/doi/abs/10.1175/1520-0450%281984%29023%3C0491%3AGVIFTN%3E2.0.CO%3B2
https://www.unisdr.org/files/1871_VL102138.pdf
https://www.unisdr.org/files/1871_VL102138.pdf
https://www.unisdr.org/files/1871_VL102138.pdf
https://science.sciencemag.org/content/227/4685/369.full
https://science.sciencemag.org/content/227/4685/369.full
https://science.sciencemag.org/content/227/4685/369.full
https://www.tandfonline.com/doi/abs/10.1080/2150704X.2014.912768
https://www.tandfonline.com/doi/abs/10.1080/2150704X.2014.912768
https://www.tandfonline.com/doi/abs/10.1080/2150704X.2014.912768
https://www.tandfonline.com/doi/abs/10.1080/2150704X.2014.912768
https://www.crcpress.com/Remote-Sensing-of-Drought-Innovative-Monitoring-Approaches/Wardlow-Anderson-Verdin/p/book/9781138075207
https://www.crcpress.com/Remote-Sensing-of-Drought-Innovative-Monitoring-Approaches/Wardlow-Anderson-Verdin/p/book/9781138075207
https://www.crcpress.com/Remote-Sensing-of-Drought-Innovative-Monitoring-Approaches/Wardlow-Anderson-Verdin/p/book/9781138075207
https://www.nrcresearchpress.com/doi/abs/10.1139/a11-013#.XU66QOgzaUk
https://www.nrcresearchpress.com/doi/abs/10.1139/a11-013#.XU66QOgzaUk
https://www.nrcresearchpress.com/doi/abs/10.1139/a11-013#.XU66QOgzaUk
http://www.gina.alaska.edu/cms/2018/03/06/1v3flcwr5v_MODIS_derived_NDVI_metrics_ver1.0.pdf
http://www.gina.alaska.edu/cms/2018/03/06/1v3flcwr5v_MODIS_derived_NDVI_metrics_ver1.0.pdf
http://www.gina.alaska.edu/cms/2018/03/06/1v3flcwr5v_MODIS_derived_NDVI_metrics_ver1.0.pdf

	1 INTRODUCTION
	2 STUDY AREA
	3 METHODOLOGY
	3.1 Data
	3.2 Pre-processing of Satellite Data
	3.3 Drought Indices
	3.3.1 Normalized Difference Vegetation Index (NDVI)
	3.3.2 Vegetation Condition Index (VCI)
	3.3.3 Land Surface Temperature (LST)
	3.3.4 Temperature Condition Index (TCI)
	3.3.5 Vegetation Health Index (VHI)


	4 RESULTS AND DISCUSSIONS
	4.1 NDVI and LST
	4.2 Vegetation Health Index (VHI)

	5 CONCLUSION
	CONFLICT OF INTEREST
	ABBREVIATIONS
	ACKNOWLEDGEMENTS

