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Abstract: Desert locust has caused great losses to food security in East Africa and Southwest Asia since its outbreak in 2019.  
This study selected six locust damaged countries (India, Pakistan, Ethiopia, Kenya, Somalia, and Yemen) as the research object.  
The vegetation coverage curves in these six countries from February 2000 to June 2020 were obtained based on the remote 
sensing data.  Then, the desert locust damage area is monitored by determining determine the locust damage threshold of 
different vegetation cover types (cropland, grassland and shrub) based on the change of vegetation coverages.  The results 
showed that desert locust caused serious damage to vegetation.  By the end of June 2020, Desert Locust harmed vegetation area 
of 1058.3 thousand hectares, 792.9 thousand hectares, 1137.5 thousand hectares, 936.8 thousand hectares, 780 thousand hectares 
and 763.5 thousand hectares in India, Pakistan, Ethiopia, Kenya, Somalia and Yemen, respectively.  The research results laid the 
foundation for real-time, rapid, and large-scale monitoring of locust plague dynamics, and provide a scientific basis for reasonable 
and economic prevention of locust plague. 
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1  Introduction  

Desert Locust (Schistocerca gregaria) is a major threat for 
global agriculture because of its abilities to eat crops and travel 
long distances[1-6].  The desert locust has ravaged the Horn of 
Africa and Southwest Asia from Year 2019, which poses serious 
damage to agricultural production and food security of many 
countries.  The locust plagues are particularly serious in some 
countries such as Pakistan, Ethiopia, Kenya, Somalia, Yemen and 
India[7-11].  The swarms have brought a heavy blow to the 
agricultural and pasture production in these areas.  Therefore, the 
frequency and severity of locust plague have been the focus of the 
world.  Locust plague monitoring could provide a scientific basis 
for the formulation of prevention and control strategies in key 
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locust damaged areas[12,13].  
The main objective of this study was to evaluate the potential 

of remote sensing data to identify locust damage and realize desert 
locust damage monitoring at large scale by this technique.  
Traditional ground survey methods cannot obtain data for over 
large and inaccessible areas to accurately analyze locust dynamics 
and determine the best implementation period of control 
measures[14-16].  Remote sensing technology can quickly obtain 
continuous information on the temporal and spatial vegetation 
changes in large areas[17-21].  

The commonly used methods for locust plague damage remote 
sensing monitoring are based on vegetation indexes such as Leaf 
area index (LAI) or Normalized difference vegetation index 
(NDVI).  By comparing the changes in vegetation before and after 
the locust plague, the occurrence degree, scope and level of plague 
were judged, the area where the vegetation index declined was 
determined as the plague damaged area, and the damaged levels 
were classified according to the degree of decline[22-24].  For 
example, Ji et al.[25] compared the NDVI of the reed area before 
and after the occurrence of the locust plague based on the 
multi-temporal MODIS remote sensing data and found the critical 
value of NDVI for different locust damaged levels, and 
correspondingly determined the severely damaged area and the 
moderately damaged area of the locust plague.  Zha et al.[26] 
proposed a time filtering method based on continuous MODIS data 
to realize locust plague severity monitoring over times.  Zha et 
al.[27] constructed a Locust density index (LDI) model based on the 
NDVI difference using multi-temporal Landsat TM data, and 
distinguished and classified the occurrence level of locust based on 
this model.  Deveson et al.[28] monitored the decline in vegetation 
caused by the occurrence of the Australian plague locust 
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(Chortoicetes terminifera) based on NDVI, and found that seasonal 
rainfall and binary habitat stratification are important explanatory 
factors for locust monitoring.  Eltoum et al.[29] combined MODIS 
and ground survey data to realize vegetation changes caused by the 
desert locust plague in Sudan using Enhanced vegetation index 
(EVI) data.  Some scholars built a monitoring model of vegetation 
loss caused by locust plague based on ground hyperspectral remote 
sensing data[30,31].  With the development of remote sensing 
technology, some scholars have also applied UAV hyperspectral 
data to locust plague monitoring.  For example, Song et al.[32] and 
Zheng[31] used UAV hyperspectral imagers to collect 
locust-damaged reed canopies to assess the loss of reeds and 
realized locust damage monitoring.  

Existing studies are mainly based on pre-disaster and 
post-disaster images to monitor the damage of locust plague to a 
single vegetation type in a small area.  These studies require clear 
damage dates and relevant ground survey data, which are more 
difficult to apply to large-scale, multi-vegetation types of locust 
plague monitoring research.  In response to this problem, our 
study used MODIS remote sensing data to extract and analyze the 
monthly maximum NDVI time series curves and climate changes 
of different countries and different vegetation cover types in the 
past 20 years.  The countries in study area were divided into two 
types of vegetation with periodicity and vegetation without 
periodicity.  The desert locust plague damage models were 
constructed for different types.  And the desert locust damaged 
area monitoring was realized by the desert locust plague damage 
threshold selected based on the distribution of the model result 
histograms. 

2  Materials and methods 

2.1  Study area 
Six countries are included in our study area, i.e. India, Pakistan, 

Ethiopia, Kenya, Somalia, and Yemen.  India is a country in 
South Asia.  Main agricultural products in India include rice, 
wheat, oilseed, cotton, jute, tea, sugarcane, and potatoes[33].  
Pakistan is in the northwestern part of the South Asian 
subcontinent.  Agriculture occupies an important position in 
national economy of Pakistan, which accounts for about 25% of its 
GDP.  Most parts of Pakistan have a subtropical climate, 
characterized by hot and dry climate and little rainfall.  The main 
crops in Pakistan include wheat, rice, millet, sorghum, and corn.  
Ethiopia is in the center of the Horn of Africa.  It is a large 
country in animal husbandry, with suitable grazing land covering 
more than half of the country area.  Kenya is in eastern Africa and 
the whole territory is in the tropical monsoon zone.  The main 
crops are corn, wheat, rice, sorghum, cassava, etc. Somalia is 
located on the Somali Peninsula in the easternmost part of Africa.  
Most of the region has a subtropical and tropical desert climate, and 
the southwest has a tropical grassland climate, with high 
temperatures all year[34].  Somalia has 8.2 million hectares of 
cropland, accounting for 13% of Somalia's land area.  Yemen is 
located at the southwest of the Arabian Peninsula, and its 
agricultural population accounts for about 71% of Yemen's 
population.  Agricultural products mainly include cotton, coffee, 
sorghum, millet, corn, barley, beans, sesame, and tobacco.  These 
six countries have been the main endangered countries of the desert 
locust plague since 2019.  They are mainly in southwest Asia and 
the Horn of Africa.  In 2018, tropical cyclones caused an 
abnormal increase in rainfall in East Africa.  The heavy rainfall 
generated before the locust eggs hatch accelerated the growth of 

vegetation and provided favorable conditions for locust hatching, 
which led to the outbreak of the desert locust plague in these six 
countries[35]. 
2.2  Data and Processing 

The remote sensing data used in this study includes 
MODIS-NDVI (MOD13Q1) product February 2000 to June 2020.  
They were used to monitor the changes of vegetation to realize the 
locust plague monitoring.  Global land cover data (30 m) provided 
by the National Earth System Science Data Sharing Service 
Platform (http://www.geodata.cn/) was used to get vegetation 
coverage.  Greenness data (http://iridl.ldeo.columbia.edu/ 
maproom/Food_Security/Locusts/Regional/greenness.html) and 
Rainfall data (https://sharaku.eorc.jaxa.jp/GSMaP/) in Asia and 
Africa since 2000 were used to get locust breeding area.  The 
occurrence records of desert locust in these six countries 
(http://www.fao.org/ag/locusts/en/info/info/index.html) and crop 
planting calendar (http://www.fao.org/agriculture/seed/cropcalendar 
/welcome.do) provided by Food and Agriculture Organization of 
the United Nations (FAO) were used to provide prior knowledge 
for analyzing the area affected by the desert locust plague (Table 1, 
Figure 1). 

 

Table 1  Number of locust occurrence records in six countries 

Country Number of locust occurrence sample 

India 1132 

Pakistan 832 

Ethiopia 460 

Kenya 5151 

Somalia 660 

Yemen 218 

Total 8453 

 
Figure 1  Locust occurrence records in six countries 

 

2.3  Desert locust plague monitoring models 
The priori regions where locust plagues might occur were 

determined by the ground survey point data provided by FAO.  
On this basis, this study realized locust plague monitoring using 
vegetation coverage curves analysis in six key countries.  Because 
different vegetation cover types have different vegetation growth 
conditions and tend to be damaged by locusts, the vegetation types 
in study area were divided into cropland, grassland and shrub based 
on the vegetation coverage data of these six countries.  In order to 
extract the areas damaged by locust plague, NDVI was used to 
characterize the growth status of vegetation.  Based on MODIS 
remote sensing data, the monthly maximum NDVI curves from 
February 2000 to June 2020 are extracted.  And combined with 
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global land cover data, and the NDVI change trends of three 
vegetation cover types were analyzed.  The NDVI curves of 
different vegetation cover types in these six countries could be 
divided into two categories: vegetation growth with certain 
periodicity and vegetation growth without periodicity. 

For countries with obvious periodicity of NDVI 
curves(Pakistan, India and Ethiopia), this study calculated the 
difference between the maximum NDVI in June of different 
vegetation types in 2020 and the mean maximum NDVI in June 
from 2000 to 2018 to extract the vegetation changes caused by 
locust plagues.  NDVI in Year 2019 was not considered as a 
reference year because the desert locust plague has endangered the 
growth of vegetation in study area and vegetation growth cycle has 
been destroyed in 2019.  Equation is shown in (1). 
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where, k represents the month of monitoring, which is equal to June 
in this study; NDVIDIF1(2020,k) is the difference between the 
maximum NDVI of three countries in June, 2020 and the mean 
maximum NDVI in June the nineteen years from 2000 to 2018.  

NDVI(2020,k) is the maximum NDVI in June, 2020; 
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is the mean value of maximum NDVI in June from 2000 to 2018,y 
represents the year. 

Since the NDVI curves of Kenya, Yemen, and Somalia did not 
have obvious periodicity, it is impossible to calculate the difference 
using Equation 1 to obtain the vegetation change areas.  This 
study analyzed the rainfall and temperature data of these four 
countries and found that these three countries had the same rainfall 
and high temperature conditions at Year 2018 and 2020.  On this 
basis, it is possible to simulate the vegetation growth in four 
countries in Year 2020 without locust damaged, and then, the 
impact of locust plague on vegetation could be calculated: 

(2018, ) (2018, -1)
2(2020, ) (2020, )

(2018, -1)

(2020, -1)

(

                           )

k k
DIF k k

k

k

NDVI NDVI
NDVI NDVI

NDVI
NDVI

−
= −

×
 (2) 

where, NDVIDIF2(2020,k) is the difference between the maximum 
NDVI of three countries in June of 2020 and maximum NDVI 
forecasting data of three vegetation types in 2020 which is not 
damaged by locust plague; NDVI(2020,k) is the maximum NDVI in 

June 2020; (2018, ) (2018, -1)

(2018, -1)

k k

k

NDVI NDVI
NDVI

−  is monthly seasonal 

trends in 2018. 
Due to the different NDVI values and different locust damaged 

level of three vegetation types (cropland, grassland, shrub), NDVI 

difference images were directly divided into thresholds to monitor 
locust damage areas was unreasonable.  This study combined 
global land use data, and extracted these three types separately and 
drew their difference histogram distribution, to extracted the areas 
damaged by locusts based on the thresholds of different vegetation 
coverage types combined with the mean and standard deviation. 

3  Results and discussion  
This study monitored desert locust damages based on the 

changes in vegetation using MODIS remote sensing data.  There 
are many vegetation indexes used to characterize the changes in 
green vegetation coverage, such as NDVI, EVI, and Ratio 
Vegetation Index (RVI)[36-39].  According to the different 
vegetation cover types and growth conditions in study area, the 
selected vegetation index is different.  For example, RVI is very 
sensitive to vegetation with high coverage and has a good 
correlation with biomass, but it cannot identify differences in 
vegetation density.  NDVI is the best indicator of plant growth 
status and preparation space distribution density.  When the 
vegetation coverage is less than 80%, the NDVI has a linear 
relationship with the prepared biomass.  When the vegetation 
coverage is greater than 80%, the sensitivity of NDVI to vegetation 
detection decreases.  According to the characteristic that the 
vegetation coverage in our study area is less than 80% on average, 
NDVI was chosen as the vegetation index to monitor the 
occurrence of locust plagues in this study.  

NDVI curves from February 2000 to June 2020 for cropland, 
grassland and shrub in six countries were extracted from time series 
MODIS data.  The NDVI curves of Pakistan, India and Ethiopia 
had obviously similar peaks, troughs and trends every year, which 
indicated that the vegetation growth of these three countries had 
obvious periodicity in the past 20 years (Figure 2, Figure 3 and 
Figure 4).  While, the NDVI curves of Kenya, Yemen and 
Somalia have low similarities in different years, which indicated 
that the vegetation growth in these countries did not have obvious 
periodicity (Figure 5, Figure 6 and Figure 7).  And then, two 
locust plague monitoring models were constructed to calculated the 
difference between the maximum NDVI in June 2020 and the mean 
maximum NDVI June of Year 2000-2018 in the three countries of 
India, Pakistan, and Ethiopia, and the difference between the 
maximum NDVI in June 2020 and the NDVI in the predicted 
non-plague in the three countries of Kenya, Somalia and Yemen 
(Figure 8).  On this basis, this study analyzed the histogram 
distribution of NDVI difference images of different vegetation 
cover types and found that the distribution conforms to the normal 
distribution.  The mean value plus or minus the mean square error 
method was used to select the desert locust damage threshold for 
different vegetation types to achieve locust damaged area 
monitoring. 

 
Figure 2  NDVI curves of different vegetation cover types in India from February 2000 to June 2020 
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Figure 3  NDVI curves of different vegetation cover types in Pakistan from February 2000 to June 2020 

 

 
Figure 4  NDVI curves of different vegetation cover types in Ethiopia from February 2000 to June 2020 

 

 
Figure 5  NDVI curves of different vegetation cover types in Kenya from February 2000 to June 2020 

 

 
Figure 6  NDVI curves of different vegetation cover types in Somalia from February 2000 to June 2020 
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Figure 7  NDVI curves of different vegetation cover types in Yemen from February 2000 to June 2020 

 
Figure 8  NDVI difference images in Asia and Africa in March of Year 2020 and Year 2000-2018 

 

By the end of June 2020, desert locust in India harmed about 
1058.3 thousand hectares of vegetation area, including 450.9 
thousand hectares of cropland, 320.6 thousand hectares of 
grassland, and 286.8 thousand hectares of shrub, accounting for 
0.2%, 0.7% and 1.6% of the total cropland, grassland, and shrub in 
India, respectively.  The main vegetation cover types in Pakistan 
include grassland and cropland.  By the end of June 2020, desert 
locust in Pakistan harmed about 792.9 thousand hectares of 
vegetation area, including 455.2 thousand hectares of cropland and 
337.7 thousand hectares of grassland, accounting for 1.8% and 
3.5% of the total cropland and grassland in Pakistan respectively.  
The main locust damaged vegetation cover types in Ethiopia 
include cropland, grassland and shrub.  By the end of June, desert 
locust in Ethiopia harmed about 1137.5 thousand hectares of 
vegetation area (including 304.8 thousand hectares of cropland, 
364.5 thousand hectares of grassland, and 468.2 thousand hectares 
of shrub), accounting for 1.3%, 2.1% and 0.6% of the total 
cropland, grassland, and shrub, respectively.  The main 
plague-affected vegetation cover types in Kenya include cropland, 

grassland and shrub.  The vegetation area harmed by locust in 
Kenya had reached 936.8 thousand hectares, including 86.7 
thousand hectares of cropland, 492.8 thousand hectares of 
grassland and 357.3 thousand hectares of shrubs, accounting for 
1.7%, 2.5%, and 1.0% of the total cropland, grassland, and shrub in 
Kenya, respectively.  The main plague-affected vegetation cover 
types in Somalia include cropland, grassland and shrub.  The 
result shows that desert locust in Somalia harmed about 780 
thousand hectares of vegetation area by the end of June (including 
1.6 thousand hectares of cropland, 154.7 thousand hectares of 
grassland and 623.7 thousand hectares of shrub), accounting for 
1.6%, 4.0% and 1.4% of the total cropland, grassland, and shrub in 
Somalia, respectively.  The main plague-affected vegetation cover 
types in Yemen include cropland, grassland and shrub.  Desert 
locust in Yemen harmed about 763.5 thousand hectares of 
vegetation area (including 143.8 thousand hectares of cropland, 
47.9 thousand hectares of grassland, and 571.8 thousand hectares of 
shrub), accounting for 14.3%, 8.3% and 10.1% of the total cropland, 
grassland, and shrub, respectively (Table 2, Figure 9). 
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Table 2  Damage area and proportion of cropland, grassland and shrub in study area (thousand hectares) 

Cropland Grassland Shrub 
Country Damage area 

Damage area Damage proportion Damage area Damage proportion Damage area Damage proportion 

India 1058.3 450.9 0.2% 320.6 0.7% 286.8 1.6% 

Pakistan 792.9 455.2 1.8% 337.7 3.5% - - 

Ethiopia 1137.5 304.8 1.3% 364.5 2.1% 468.2 0.6% 

Kenya 936.8 86.7 1.7% 492.8 2.5% 357.3 1.0% 

Somalia 780.0 1.6 1.6% 154.7 4.0% 623.7 1.4% 

Yemen 763.5 143.8 14.3% 47.9 8.3% 571.8 10.1% 

 
Figure 9  Damage area of study area in June 2020 using remote sensing data 

 

4  Conclusions  

This study extracted and analyzed NDVI curves in different 
countries uses MODIS data.  Two desert locust monitoring 
models were constructed for years of vegetation growth with 
periodicity and non-periodicity.  The locust damage thresholds 
were selected for different vegetation types in different countries 
combined with the histogram distribution of the monitoring model 
results and land cover data, which could be used desert locust 
damage monitoring in June 2020 for India, Pakistan, Ethiopia, 
Kenya, Somalia and Yemen.  The monitoring results are highly 
consistent with those provided by relevant agricultural information 
websites, which proves that MODIS remote sensing data and 
NDVI have certain potential in the monitoring and evaluation of 
large-scale desert locust plagues.  And these models are superior 
to previous traditional measurement methods in terms of 
monitoring speed, detection scale and cost.  Desert locust 
continuous, rapid and high-precision monitoring using remote 
sensing and other high-tech technologies could provide a scientific 
basis for the precise control of desert locust plagues.  The desert 
locust plague has erupted on a large scale In Year 2019.  The 
scope and area of occurrence have continued to expand, and the 
damage has become more and more serious.  The results of this 

study have been adopted by FAO as one of the references for the 
prevention and control of desert locust plagues in Asia and Africa 
to ensure food security. 

Although the models proposed in this study can be used to 
monitor large-scale desert locust plague, the coupling with locust 
development and climate change is not deep enough.  In the future, 
we will further dig deeper into the growth and development 
mechanisms of vegetation under abnormal climates and the 
occurrence and development mechanisms of locusts.  And 
combine them to innovate and build an intelligent monitoring 
model for desert locust plague that is universal in time and space. 
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