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A B S T R A C T  
Background: Drought is a serious climatic condition that affects nearly on all climatic zones worldwide. The agriculture is 

one of most sectors affected by drought event. Global  warming  is  expected to increase  the  frequency  and  intensity of  

droughts  in  the 21st  century. Objective: The objective of this paper is assessing the agricultural drought under climate 

change by studying the conformance between two agricultural drought indices (Vegetation Health Index VHI and Standard 

Precipitation Evaporation Index SPEI at time scales 6 and 9), during the seasons from 2000/2001 up to 2010/2011 and 

evaluate the impact of climate change on drought by using the projected climate data from general circulation model 

(GCM) of the CMIP5 (MPI/ESM ECHAM 6, RCP 4.5 scenario) during the period from 2010 up to 2050. Results: The 

results indicated that the high conformance between VHI and SPEI over extended agricultural area and well demonstrated 

conformance between VHI and SPEI in the last four seasons and both of them detect severity of drought in these seasons. 

Season 2009/2010 was most drought severity, and the season 2006/2007 was the best among the study period. Also both of 

studied indices showed the sensitivity of Nile Delta region to drought event under current condition. Calculating SPEI at 

time scales 6 and 9 for the period 2010-2050 indicated to continuous detection for drought event from the year of 2030 up 

to 2050, and the severity has been increased in the last ten years of them. The frequency of drought event is higher in the 

month of May in time scale 6, and in the months from Feb. to Apr. in time scale 9. The aggravating condition of the 

drought was realized by examining the spatial temporal extent where the numbers of dry months were significantly 

increasing in time scale 6 than 9 months, in addition that it recorded more severity values at west and north Delta. 

Conclusion: SPEI is a reliable agricultural drought index over a great area of vegetation. The drought severity has been 

increased in the last recent past years and the future results detect an increase in the drought severity especially in the years 

from 2030 up to 2050. Both of studied indices VHI and SPEI provide useful metrics of drought assessment from its point of 

view, methodology, data availability and resolution. 
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INTRODUCTION 

 

Drought is a natural hazard that can have severe and long-lasting impacts on natural and human systems. 

Although increases in global greenhouse forcing are expected to change the characteristics and impacts of 

drought in the 21
th

 century, there remains persistent uncertainty about how changes in temperature, precipitation 

and soil moisture will interact to shape the magnitude – and in some cases direction – of drought in different 

areas of the globe. In the context of global warming, extreme weather and climatological events such as flood 
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and drought seem to be occurring more frequently, Especially the drought, commonly defined as water deficits 

during a specific period [17], is one of the costliest and most widespread natural disasters with negative impacts 

on agriculture, water resources, natural ecosystems, and society activities [15,5,4]. The agriculture is one of 

most sectors affected by drought event. Egypt has an agricultural land base totals about 3.5 million hectares 

which equivalent about 8.4 million feddan [6]. [7] States that 52% from agriculture land in Egypt is vulnerable 

to drought with 7% out of them are more vulnerable to drought. 

To provide a good monitoring for drought, the duration, magnitude, and spatial extent of the drought should 

be evaluated. Monitoring and assessing drought is based mainly on the drought indicators for analyzing the 

drought events, calculated using available sources of information on climatic data and satellite imagery. 

Analyzing drought requires understanding to historical droughts and its impact during the event [22]. 

Understanding the response of land vegetation to drought is a crucial challenge, its study is hindered by 

difficulties for drought quantification [19] and by the synergistic effects of temperature rise and drought on 

vegetation [1]. Substantial efforts have been devoted for developing methods to quantify drought severity. The 

main efforts have been directed at developing drought indices that enable earlier identification of droughts, and 

quantification of their severity and spatial extent. Several drought indices were developed during the 20
th
 

century, based on a range of variables and parameters [8, 16]. In recent years the concept of drought time-scale 

has been widely used in drought studies [19, 13]. The aim of this paper is studying the conformance between 

two drought indexes: (i) Vegetation Health Index (VHI), (ii) Standard Precipitation Evapotranspiration Index 

(SPEI), and assessment the drought severity in the future for the regions which are more sensitive for drought.  

 

Dataset and Tools: 

The main dataset used in this study for VHI are Normalize Difference Vegetation Index  NDVI and Land 

Surface Temperature LST, which have been derived from Moderate Resolution Imaging Spectro-radiometer 

(MODIS) instrument on the Terra satellite 500-m NDVI every 16 days and 1-Km LST every 8 days for the 

months from October to May (which represent the agricultural season in Egypt) for every year from 2000 to 

2011 for Egypt from http://reverb.echo.nasa.gov  website.  

Also the Precipitation and potential Evapotranspiration data for SPEI have been derived from Climate 

Research Unit (CRU) time-series (TS) version 3.20 gridded data at resolution (0.5x0.5 degree) grids for current 

climate condition which downloaded in NetCDF (Network Common Data Form) format from 

http://badc.nerc.ac.uk/browse/badc/cru/data/cru_ts/cru_ts_3.20/data, and derived from general circulation model 

(GCM) of the CMIP5 (MPI/ESM ECHAM 6) of  RCP 4.5 scenario for climate change condition.  

The ICTP’s Regional Climate Model system version 4 (RegCM4) has been used to downscale the 

ECHAM6 GCM future data (2010− 2050, RCP 4.5) scenario simulations. RegCM4 model has been run on 

Egypt at 50 km horizontal resolution and with 18 levels in the vertical. 

SPEI C++, Arc GIS, ERDAS Imagine, and Microsoft excel are the soft-wares which used in processing the 

data, calculating drought indices, and analysis the results. 

 

Methodology: 

i. Calculating the Vegetation Health Index (VHI): 

Since the Earth’s surface temperature influences vegetation growth [14, 21, 18, 2], Land Surface 

Temperature (LST) values have been used as criteria, in addition the NDVI, for evaluating the status and 

development of vegetation. Recently, [10] proposed the Vegetation Health Index VHI for drought detection, 

which is expressed by the following equation: 

 

VHI = 0.5× (VCI) + 0.5× (TCI)            (1) 

 

Where VCI is an indicator of the status of the vegetation cover as a function of the NDVI as equation (2) 

shows, and TCI is an indicator of the status of the temperature as a function of LST as equation (3) shows  

 

     
(     –       )

(               )
               (2) 

     
(      –    )

(             )
               (3) 

http://reverb.echo.nasa.gov/
http://badc.nerc.ac.uk/browse/badc/cru/data/cru_ts/cru_ts_3.20/data
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The five classes of VHI that represent agricultural drought [11, 3] are shown in Table (1).  

Table 1: VHI classification (Kogan, 2001) 

VHI Value Drought Category 

VHI > 40 No drought 

30 < VHI ≤ 40 Mild drought 

20 < VHI ≤ 30 Moderate drought 

10< VHI ≤ 20 Severe drought 

VHI ≤ 10 Extreme drought 

 

ii. Calculating the Standardized Precipitation Evapotranspiration Index (SPEI): 

The standardized precipitation evapotranspiration index (SPEI is calculated as the difference between 

monthly precipitation (P) and the potential evapotranspiration (PET), which provides a simple measure of the 

water surplus or deficit for the analyzed month.  

D = P – PET 

The calculated Di values are aggregated at different time scales as following, 

  
    ∑    

   

   

                                

 

where k (months) is the timescale of the aggregation and j is the calculation number. The D values are 

undefined for k > j. For example, to obtain the 6-month SPEI, first a time series is constructed by the sum of D 

values from five months before to the current month. 

 

       
(          

 )

(         
     

 )
 

 

Where W =√     ( ) for P ≤ 0.5, where P is the probability of exceeding a determined D value, If P > 

0.5, P is replaced by 1−P, and the sign of the resultant SPEI value is reversed. The constants are: C0 = 2.515517, 

C1 =0.802853, C2 = 0.010328, d1 = 1.432788, d2 = 0.189269 and d3 = 0.001308. The average value is 0, and the 

standard deviation is 1.  

 The drought categories according to SPEI are classified into seven categories as presented in table (2). 

 

Table 2: Drought Categories according to the SPEI. 

 

SPEI Value Drought Category 

≥ 1.00 No Drought 

-0.99 – 0.99 Normal 

-1.49 –  -1.00 Moderate Drought 

-1.99 –  -1.50 Severe Drought 

≤ -2.00 Extreme Drought 

 

The monthly VHI drought indices have been calculated as shown in equations (1, 2, and 3) using ERDAS 

software on the downloaded MODIS NDVI and LST data for the study period, and from it calculating the 

seasonal VHI and converted from resolution 500-m to 0.5 deg. according to the majority category in the domain 

pixels using Arc GIS 10.0 program. 

The SPEI index has been calculated from precipitation and potential evapotranspiration CRU data at 

resolution 0.5 deg. based on the period from 1950 up to 2011 at time-scales 6 and 9 months. 
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Analysis and comparing between the results of seasonal VHI (which resulted from monthly VHI for the 

months from October to May) and SPEI for the month of April at time scale 6 (which resulted from the 

accumulated data for the months from November to April) and the month of June at time scale 9 (which resulted 

from the accumulated data for the months from October to June) for the years from 2001 up to 2011. 

The Temperature and Precipitation data have been exported from the RegCM output data for the projected 

climate during the period from Jan. 2010 up to Dec. 2050 at the regions which find the conformance for drought 

sensitivity between in VHI and SPEI assessment under current condition, and using this data to calculate 

standard precipitation evapotranspiration index (SPEI) by CSIC-SPEI C++ program (which is available in 

http://digital.csic.es/handle/10261/10002 ) for this period at time scales 6 and 9. 

 

Results: 

The present study investigates the conformance between VHI and SPEI for agricultural drought in Egypt. 

The new MODIS sensor on board of the satellites AQUA and TERRA shows improved capabilities regarding 

previous satellite platforms [9]. The higher number of spectral bands of the MODIS sensor in comparison to the 

AVHRR allows calculating additional vegetation indices. For this reason, although the MODIS data encompass 

a much short period of data, it selected to study the agricultural drought using only 11 years of common data 

with the SPEI-base (2001-2011). 

 

a) Vegetation health index results: 

Vegetation health index (VHI) maps over Egypt are shown in figure (1) and it's observed that, the first 

season (2000/01) and last four seasons (2007/08 to 2010/11) in the study period characterized by their high 

severity for agricultural drought than other seasons, and the most area exposed to high drought category has 

been observed in this seasons. 

The least drought event has been observed in 2006/07 season where it has highest area not affected by 

drought and lowest area affected by high and moderate drought category. 

VHI results indicated that, about 62% of Egypt area exposed to drought event, and 49% of them in high and 

moderate categories, a result which represents a very risky indication for drought event in Egypt. 

 
Fig. 1: Seasonal Vegetation Health Index maps and the affected area during the seasons from 2000/200 up to 

2010/2011. 

Area affected by Drought (Km2) 

  
High 

Drought 
Moderate 
Drought 

Low 
Drought 

No 
Drought 

2000/01 723,892 101,872 115,652 62,501 

2001/02 283,905 113,470 208,847 397,590 

2002/03 107,982 214,202 279,461 402,829 

2003/04 254,963 94,400 240,925 413,406 

2004/05 119,205 89,380 352,883 442,310 

2005/06 205,095 107,985 235,002 455,876 

2006/07 57,863 55,706 205,440 686,592 

2007/08 609,918 66,494 170,198 157,117 

2008/09 460,922 268,890 180,355 93,734 

2009/10 818,218 109,406 55,919 21,074 

2010/11 559,776 214,969 111,863 117,176 

 

http://digital.csic.es/handle/10261/10002
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b) Stander precipitation Evapotranspiration index results: 

Stander precipitation Evapotranspiration index (SPEI) has been calculated and analyzed in time scale 6 for 

month of April and time scale 9 for month of June to close as possible in their base to seasonal VHI synthesis 

months. 

SPEI maps for month of April at time scale 6 months (which depended on accumulated water balance for 

the months from Nov. to Apr.) over Egypt and estimated area that affected by drought are shown in figure (2) 

and it's found that, the last four seasons (2007/08 to 2010/11) in the study period characterized by their high 

severity for drought, and the most area exposed to high drought category has been observed in them. 

The least drought event has been observed in 2006/07 season where it has the 2
nd

 highest area not affected 

by drought after 2001/02 season which is the 1
st
 one in this assessment but its area affected by drought has been 

observed in low and moderate categories while the area affected by drought in 2006/07 is limited only on low 

category. 

SPEI-time scale 6 results of April month indicated that, about 62% of Egypt area after exclude the normal 

category are expose to drought event, and 30% of them in high and moderate categories. 

 

 
Fig. 2: Stander precipitation Evapotranspiration index maps at time scale 6 for month of April and the affected 

area during the seasons from 2000/200 up to 2010/2011. 

 

SPEI maps for month of June at time scale 9 months (which depended on accumulated water balance for the 

months from Oct. to June.) over Egypt and estimated area that affected by drought  based on seasons from 

2000/01 up to 2010/2011 are shown in figure (3) and it's found that, last four seasons (2007/08 to 2010/11) in 

the study period characterized by their high severity for drought, and the most area exposed to high drought 

category has been observed in them. 

Also least drought event has been observed in 2006/07 season where it has the 2
nd

 highest area NOT 

affected by drought after 2004/05 season which is the 1
st
 one in this assessment but its area affected by drought 

has been observed in low, moderate, and high categories while the area affected by drought in 2006/07 is limited 

only on low category. 

SPEI results indicated that, about 75% of Egypt area after exclude the normal assessment are expose to 

drought event, and 42% of them in high and moderate categories. 

Area affected by Drought (Km2) 

  
High 

Drought 
Moderate 
Drought 

Low 
Drought 

Normal 
No 

Drought 

2000/01 7427 46108 37212 655818 251035 

2001/02 0 1777 1778 815502 183384 

2002/03 0 4659 46807 851113 92537 

2003/04 0 0 40973 948801 1909 

2004/05 2855 47449 45597 526796 376858 

2005/06 26435 103377 160233 687118 23487 

2006/07 0 0 19168 879456 92969 

2007/08 69764 236625 333554 360002 0 

2008/09 400543 316658 109653 167128 4668 

2009/10 347246 213272 135184 307770 0 

2010/11 110444 119277 277852 490050 0 
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Fig. 3: Stander precipitation Evapotranspiration index maps at time scale 9 for month of June and the 

affected area during the seasons from 2000/200 up to 2010/2011. 

 

c) Drought assessment Under climate change condition results: 

Both VHI and SPEI maps agree to the sensitivity of Nile Delta region for drought event, a region which is 

most important and valuable in Egypt where the agriculture production is mainly concentrated at this region in 

the shape of total annual cropped area is 150 to 180 % from the total cultivated area, and more than 65 % 

contribution in the national agricultural production comes from this region. So this section will study the 

projected drought condition availability in four point of Nile Delta region distributed in different geographic 

locations (East, West, North, and South) as shown in table (3). 

 

Table 3: Locations of the studied points in the Delta region. 

 

 

 

 

 

 

 

 

 

Stander precipitation Evapotranspiration index (SPEI) based on (2010-2050) for the selected points at time 

scales 6 and 9 are shown in figures (4 and 5) and it has been indicted that, the eastern point is the most one 

expected to expose to drought event (defined as SPEI ≤ −1) at both time scales. Also it has been observed that , 

the drought event hasn’t appeared at all studied points from the years of 2010 up to  up to 2017, minor 

appearance from 2017 up to 2030, and the tendency to occur have been increased from the year of 2030 up to 

2050. 

Location Lat. (deg.) Lon. (deg.) 

West Delta 31.00 30.35 

North Delta 31.30 30.93 

East Delta 31.00 31.92 

South Delta 30.28 31.23 

Area affected by Drought (Km2) 

  
High 

Drought 
Moderate 
Drought 

Low 
Drought 

Normal 
No 

Drought 

2000/01 8324 8360 70329 791739 119245 

2001/02 5551 18515 48879 891987 32250 

2002/03 0 28495 77166 808279 85254 

2003/04 28423 131314 79776 760674 0 

2004/05 38682 61110 76908 557317 264496 

2005/06 74296 116982 148832 657687 1698 

2006/07 0 1795 47279 749445 200236 

2007/08 242556 75389 103587 572434 4662 

2008/09 142301 213035 161366 476646 4668 

2009/10 241929 123137 169705 467458 0 

2010/11 116357 142555 162223 579547 0 
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Fig. 4: SPEI at time scale 6 during the period from 2010-2050. 

 

 
Fig. 5: SPEI at time scale 9 during the period from 2010-2050. 

 

 

Table 4: Years that recoded for drought at time scales 6 and 9. 

 

Table (4) shows the years that recoded for drought at both 

studied time scales and it has been found that, the time scale 6 shows 

detection to drought category before time scale 9 where it observes it 

in Apr. 2017 at south of Delta while the first year recorded for 

drought category in time scale 9 was in Mar. 2024 at north of delta as 

observed, also both of studied time scales confirms drought event in 

Delta region during the years from 2027 up to 2030, and from 2034 

up to 2050, while time scale 6 increased its assessment years to 

include also (2017, 19, 20, 22, 29, and 2032). Also both of them 

don’t detect the event during the years from 2010 up to 2016, in 

addition to the years of (2023, 2026, 2031, 2033, 2037, and 2042). 

It’s worth mention also that, time scale 6 not only detects more 

drought years, but also it recorded more severity values than time 

scale 9 at west and north Delta. 

The years that assessed as dry years in time scale 6 and doesn’t 

appear in time scale 9 indicate that the deficit of water balance 

condition doesn’t continue in this years to include time scale 9, and 

the management in this years is easier than the years that confirms 

the drought in both time scales. 
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 Drought 
years 

Time scale 6 

  

Time scale 9 

West Delta 
North 
Delta 

South 
Delta 

East 
Delta 

West Delta 
North 
Delta 

South 
Delta 

East 
Delta 

2017     1           

2019     1           

2020 1 1 1 1         

2022   1 1           

2024 1 3       2     

2025     1 3       1 

2027 5 3 4 1 4 4 3 1 

2028           1 4   

2029       1         

2030 4 3 3 6 3 2 1 6 

2032     2 2         

2034 5 4 6 4 3 3 5 5 

2035 5 6 4 5 7 9 6 6 

2036   1       1     

2038 6 4 2 1 4 1 2 2 

2039 2 2 2 4 1   1 4 

2040 12 10 12 10 12 11 11 11 

2041 3 3 2   6 6 5   

2043 3 2 5 6 3 3 3 5 

2044 2   3 5     2 4 

2045 5 9 9 11 9 9 10 11 

2046 4 4 6 6 1 2 7 6 

2047 6 11 4 5 12 12 4 5 

2048 9 8 8 9 12 12 12 12 

2049 9 8 8 10 11 11 12 12 

2050 5 6 8 8 3 8 12 12 

-------------------------------------------------------------------------------------------------- 

a: the darker color cells are the higher number of dry months.  

b: the red font are the years that recorded for drought in all studied regions . 

Table (5) shows the number of months in each region at both time scales, the table cells has been colored 

according to number of dry months as an indication for the years severity where the darker cells are the higher 

number of months, and the results found that the last ten years (2040 up to 2050) characterized by its severity 

than other affected years, while 14 (12) years of them in irregular distribution characterized by drought in all 

studied regions  at time scale 6 (9) which are in red color font in the table (except 2020 and 2039 in time scale 

9). Also it has been observed that the north and south locations will expose to drought in the number of dry 

years greater than east and west locations, while the east location is the highest in considering the number of 

months at referred in figure (5). 

Frequency of the months recorded for drought at both studied time scales in the dry years has been analyzed 

and the results indicated that, the month of May in time scale 6 (which represents the accumulated water balance 

from Dec. to May) is the highest drought frequency among the dry years while the lowest one is the month of 

Oct. (which represents the accumulated water balance from May to Oct.). The highest month in drought 

frequency at time scale 9 has been observed in Feb., Mar., and Apr. (which represent the accumulated water 

balance from Jul., Aug., and Sep., to Feb, Mar, and Apr.) where all of them recorded an equal number (13), 

while the lowest one is the month of May (which represents the accumulated water balance from Sep. to May) 

[See figure (6)]. 

 
a, b 

Table 5: Number of dry months in the determined years for drought event in the Delta region at time scales 6 

and 9.  
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Fig. 6: Frequency of the months recorded for drought in the dry years at (a) time scale 6 and (b) time scale 9. 

 

Discussion:  

The satellite imagery is fundamental to accurate agricultural drought monitoring and assessment, but the 

main problem of it the short range of the available time series [20] to obtain reliable conclusions about the 

historical drought impacts on vegetation activity, in addition that one can’t use it in predicting drought as it give 

a data after the event has been occurred. the multi-scalar indices is better method to give conclusions about the 

historical drought impacts where it depend on long time series of the required data, in addition to can give 

indication about the projected impact using projected climate data, but it still has weakness point which is there 

is no available continues historical high resolution climate data as satellite imagery resolution and this will cause 

ignore for a lot of details. The sensitivity of drought assessments to physical factors such as natural variability 

and the interaction of multiple climate variables, and technical factors such as data availability and the definition 

of drought itself, motivate systematic investigation of the response of the spatial and temporal drought 

characteristics led to increasing greenhouse gas concentrations [23]. 

The study found the conformance between VHI and SPEI is high over an extended agricultural area where 

this case will ensure the effect of climate and the environmental impact in indirect form, also this result is 

recognized by [12] which found that the correlations between the VCI and SPI/SPEI were generally low, 

suggesting in moist areas like Southwest China the sensitivity of vegetation growth to long-term precipitation is 

low, which makes that the SPEI outperform the SPI only to a little extent. It is appropriate to assume that in 

some semi-arid and arid regions, the sensitivity of vegetation growth to precipitation is naturally increasing, and 

thus with increase of temperature, the superiority of the SPEI is expected to be improved. Also [7] found the 

drought indices VHI and SPEI are good indices to monitoring and assessment drought in Egypt and both of 

them have different advantages and have high degree of confidence, and it’s not fair to compare between them 

due to the difference between the resolution, data time series, and dependence factors.  

 

Conclusion: 

From study the conformance between VHI and SPEI drought indices one can conclude that, although the 

impact on the vegetation was differ by the indices, both of them confirm that, the drought severity has been 

increased in the last four seasons of the study period. Season 2009/2010 was most severity, and the season 

2006/2007 was the best among the study period. 

In general, the SPEI is a reliable agricultural drought index over an extended area of vegetation, where the 

resolution of the available dataset over the small domain considered as very low compared to the VHI which in 

these cases was more realistic. Also it should be taken in the consideration when using the satellite data, 

although this technique ensure accurate and continues data, it still suffering from its shortage available dataset 

which may completely affect our conclusion.  

So we can say that both of indices VHI and SPEI provide useful metrics indictors for drought assessment 

from its point of view, methodology, data availability and resolution. 

Both of investigated indices show reliable sensitivity of Nile Delta region to drought event, and though 

SPEI in the future detect an increase in the drought severity especially in the years from 2030 up to 2050. 

Final conclusion is, both VHI and SPEI are good indices to monitoring and assessment drought and both 

of them have different advantages and have high degree of confidence. But it’s not fair to compare them 

together due to the difference between the resolution, data time series, and dependence factors.  

a b 
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