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Abstract. Locust outbreaks occur on all continents except Antarctica and can affect the livelihoods of one 
in 10 people on Earth. To prevent economic and environmental losses, locust breeding areas should be 
periodically monitored, and an early detection-early response strategy should be in place. Traditional, 
ground survey methods are inefficient to adequately address the large spatial scale of the locust problem. 
Remote Sensing and the associated geospatial technologies can provide timely data to assess the risk of 
impending locust outbreaks. This information could be used for targeted preventive management actions 
in the locust breeding areas. Remotely sensed data are used for monitoring habitats of certain species such 
as the Desert, Migratory and Australian Plague locusts. However, the vast potential of this technology 
remains untapped for other locusts. This chapter provides a review of remote sensing and GIS concepts, 
types of data collected by various remote sensing satellites, and applications of geospatial tools for locust 
habitat monitoring and risk assessment.  

1. INTRODUCTION 

Locust outbreaks and subsequent destruction of vegetation result in ecological, 
environmental and economic problems. Locust swarms can devour green vegetation, 
including agricultural crops, across large geographic areas thereby upsetting the 
ecological processes (e.g. carbon and water cycles) of the region or any landscape.  
Rapid loss in vegetation cover can result in soil erosion and increased run off. Crop 
damages could result in catastrophic losses to farmers, and this problem could be 
acute for small, subsistence farmers throughout the world and especially for those in 
developing countries. Furthermore, locust control efforts, which involve large-scale 
applications of broad-spectrum insecticides, can produce negative impact on the 
environment and continue to be very costly, even in the twenty-first century.  
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In 2003–2005 a Desert locust outbreak affected 8 million people mostly in 
Africa, with estimated damage to crops at 80–100% (Brader et al., 2006). To combat 
the outbreak, 13 million ha were treated with neurotoxins in 26 countries. The cost 
of the international campaign, including the food aid to affected populations, 
amounted to half a billion US dollars (Belayneh, 2005).  

In order to protect the farmers and the environment from such catastrophes, 
several national and international agencies and organizations are involved in a host 
of prevention and control activities. These activities are aimed at either minimizing 
the large-scale locust plagues or at quickly containing them following an initial 
outbreak. Since the geographic area involved is often large (across national 
boundaries), coordination is required in the form of information exchange on the 
status of locust swarm distribution and damage. In most countries information on 
locust nymphal development and swarm formation is collected through ground-
based surveys. Data collected by field surveys are reported to the national locust 
control units, which then share them with other national and international agencies.  
To assess locust risks and develop preventive measures data on land cover habitat 
condition are required. Vegetation represents the essential component of the locust 
habitat, providing the insects with nutrition and shelter.   

Under the preventive mode, locust control specialists also need information on 
elevation (or topography), soil moisture, temperature and rainfall, in addition to the 
vegetation type, status and growth. Specialists use this information to set up 
effective surveys to assess locust egg-pod or nymphal distribution. During an 
outbreak, near real-time data on vegetation damage, hopper band and swarm 
movement will be essential for assessing risks and prioritizing areas for curative 
treatments. Under either circumstances reliable methods are necessary for collecting 
information on vegetation status or assessing the damage to the native vegetation or 
crops resulting from locust outbreaks. Traditional, ground-based survey methods are 
inadequate to provide accurate and timely information about an ongoing locust 
outbreak and devise efficient management approaches, since the locust hopper bands 
move several km and swarms can travel up to 200 km in a day (Uvarov, 1977).   

Remote sensing technology can provide necessary data for assessing locust 
outbreak threats and post-outbreak damage. Remote sensing technology is a means 
to rapidly collect information on vegetation and earth surface conditions for 
relatively large geographic areas. These data are routinely used for assessing the 
status of land and natural resources or for assessing the magnitude of events such as 
wildfires and hurricanes. Satellite images were used extensively to coordinate the 
rescue and recovery efforts following the tragic devastation of the South Asian 
Tsunami in 2004 (Kumar, Chingkhei, & Dolendro, 2007; Wikantika, Sinaga, Hadi, 
& Darmawan, 2007). Satellites can download these data rapidly to receiving stations 
on the ground enabling the users to visualize the data in near-real time. Currently, 
there are remote sensing satellites that collect data for the entire earth every 2 days. 
In other words, one can monitor the status of any location on the earth’s surface 
every 2 days. Advances in computing hardware and software have enabled 
sophisticated processing of large volumes of data that was not possible until a few 
years ago. Through the use of such data, information on earth surface conditions can 
be updated more frequently, in comparison to the traditional survey methods. 
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Image data collected by the satellites can be incorporated with other types of 
information (roads, rivers, villages and administrative boundaries) in a geographic 
information system (GIS). Using a GIS one could generate a map showing 
potential areas of interest that are within a specified distance from major roads. 
This information could be used for targeted locust field surveys or to identify the 
extent of areas that cannot be easily accessed. Also using the information on 
administrative boundaries it is possible to generate summary maps showing the 
extent of infestation and damage, per administrative unit. Such information could 
be generated in the form of both maps and reports more easily and quickly in 
comparison to the traditional cartographic methods. In the US, wildfire maps are 
updated daily using satellite data to enable the firefighters to assess the extent and 
direction of the wildfires (Keane, Burgan, & Van Wagtendonk, 2001; Hessburg, 
Reynolds, Keane, James, & Salter, 2007). Also, the Food and Agriculture 
Organization of the United Nations (FAO) uses GIS extensively to map the land 
conditions in Africa and generate monthly Desert locust information bulletins (see 
http://www.fao.org/ag/locusts/en/info/info/index.html). 

However, remote sensing technology is not capable of addressing all the 
information needs of the locust control specialists. Its potential is oversold across 
several applications resulting in bad reputation among users (Wynne & Carter, 
1997). The process of converting data to useful information is rigorous and requires 
substantial training and knowledge on the part of an image analyst. These skills are 
critical to successfully extract information off of the images. Nevertheless, several 
of these risks could be addressed by careful planning and adequate training of the 
analysts in the use of image processing for information extraction. If implemented 
correctly, remotely sensed and GIS technologies can provide essential information 
for managing locust problems worldwide. 

2. REMOTE SENSING, GEOGRAPHIC INFORMATION SYSTEMS (GIS), 
AND GLOBAL POSITIONING SYSTEMS (GPS) 

2.1. Remote Sensing 

Remote sensing is defined as the science and art of making observations and 
measurements about objects without coming into physical contact (Campbell, 2006).  
For example, a human eye remotely senses or “sees” by responding to the radiation 
emanating from the surrounding objects without any physical contact. All objects 
above absolute zero (0 K or –373°C) emit electromagnetic radiation and also interact 
with the incoming solar radiation. When solar radiation comes in contact with an 
object it can be reflected, transmitted or absorbed to be re-emitted and the pattern of 
this interaction is unique for each object, which is referred as the spectral signature 
for that object. For example, green leaves absorb radiation in the blue and red 
regions but emit in the green region, hence they appear green to human eyes. 
Changes in the leaf chlorophyll content alter the reflectance pattern which results in 
different colors of the leaves to human eyes. 
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Table 1. Spectral ranges in the electromagnetic spectrum (in nm unless otherwise specified). 

Spectral range  Name 

         <0.03   Gamma rays 

 0.03–300 X-rays 

 300–380 Ultraviolet 

 400–500 Blue 

 500–600 Green 

 600–700 Red 

 700–1,300 Near infrared 

1,300–3,000   Mid infrared 

7,000–10,000   Far infrared 

1 mm–30 cm Microwave 

 
  

Human eyes are sensitive to a narrow region (400–700 nm) of the 
electromagnetic spectrum (Table 1) referred to as the visible region. All objects 
interact with electromagnetic radiation in other regions, but human eyes cannot see 
or sense beyond the visible region. Healthy vegetation, for example, has higher 
reflectance in the near infrared region than in the green region which can be related 
to the leaf cell structure (Jensen, 2006). Water content in the leaves influences the 
amount of reflected radiation in the mid infrared region. Similarly, bare ground, 
water bodies and other features on the earth surface have their unique reflectance 
patterns or signatures, outside of the visible region.  

In remotely sensed images one would analyze these signatures, relate them to 
various features on the earth surface and map them. It is possible to distinguish 
healthy vegetation from plants that are affected by disease, drought or forms of 
stress based on the amount of infrared reflection. Remotely sensed data can be used 
to map vegetation distribution and estimate its density. Geologists use remotely 
sensed data to identify soil types and minerals. Extent and severity of damages to 
earth surface features following natural catastrophes such as hurricanes, landslides, 
and wildfires can be also mapped with remotely sensed data. 

Chemical (films) or digital (cameras and scanners) sensors are used for recording 
the interaction of objects or features with electromagnetic radiation in different 
regions. Chemical-based films or precisely calibrated digital sensors can record 
values that are proportional to the amount of reflected or emitted radiation by 
various objects on the earth surface, which can be printed in a photographic film or 
displayed on a computer monitor for further analyses. 
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Remote sensing is categorized as passive or active based on the source of the 
electromagnetic radiation. In passive remote sensing, sensors record the radiation 
emitted or reflected by earth surface features. For example, when data are recorded 
in the form of images in bright sunlight (or outdoors) without any other source of 
radiation it is termed as passive remote sensing. Black & white photos have been in 
use for more than a century and extensively in World War II to identify and destroy 
enemy targets. Color infrared photos were acquired since mid-1950s and have found 
widespread use in vegetation mapping and monitoring (Jenson, 2006). Digital 
sensors, mounted in satellites, aerial platforms and space shuttles, are used more 
frequently for collecting remotely sensed data. Digital data are available in ready-to-
use formats and can be processed more efficiently than hard copy aerial 
photographs. Availability of these data in digital format coupled with the advances 
in computing technology, have resulted in increased use of remote sensing for 
numerous applications.  

Active remote sensing systems use their own source of electromagnetic radiation 
that is targeted towards various objects and records the interacted information that 
reaches the sensor. If one uses a flash light in the camera to illuminate indoor objects 
for recording images, this is active remote sensing. Examples of active remote 
sensing data include RADAR and LIDAR images that are acquired by targeting 
electromagnetic radiation in specific regions on various features and recording their 
interaction pattern. Active remote sensing technology provides opportunities for 
acquiring images during night time or cloudy days. Both RADAR and LIDAR can 
penetrate through the top of the vegetation canopy, which is not possible in passive 
remote sensing, enabling vertical characterization of forests and other features. 
RADAR can also penetrate soil, hence it is used in archeology for locating and 
mapping large hidden structures and artifacts. 

Utility of remotely sensed data is influenced by its spatial, spectral, temporal and 
radiometric resolutions among others. Spatial resolution determines the size of the 
smallest feature that can be identified in an image. No standard rules exist to 
categorize remotely sensed data based on its spatial resolution, however certain 
guidelines have evolved over time. Images are categorized as high (<5 m), moderate 
(5 and <120 m), and coarse (>120 m) resolution. Present remote sensing satellites 
contain sensors capable of obtaining data from 0.64 to 1,000 m. Table 2 lists some 
of the remote sensing satellites, along with the characteristics of data they collect. 

Spectral resolution corresponds to the width of region in the electromagnetic 
spectrum in which data were acquired. Black & white images record information 
across the entire visible region (400–600 nm). Hence, B&W images are spectrally 
coarser in comparison to visible color images where information is recorded in the 
following three regions of the EMR (Table 1): blue (400 nm), green (500 nm) and 
red (600 nm). Some satellite sensors capture information in the blue, green, red, 
near-, mid-, and thermal infrared regions. Hyperspectral images have very high 
spectral resolution, and are acquired within very narrow ranges (10 nm) of the EMR. 
For example the red region of the electromagnetic spectrum can be finely divided 
and the interaction between EMR and features is recorded. It is common to find 
more than 100 or even 200 spectral bands, in a hyperspectral image.  

167



 A.V. LATCHININSKY & R. SIVANPILLAI 

Table 2.  Remote sensing satellites and their data characteristics. 

Satellite & country Spectral bands Pixel 
size (m) 

Swath (km) 

Coarse resolution 
   

NOAA-GOESS (USA)  1,000 >2,000 
SPOT VEG (France)  1,000  
TERRA/MODIS (USA)  250 

500 
1,000 

>2,000 

Moderate resolution    
Landsat 5 (USA) B, G, R, 3 IR 30 185 
SPOT-2 (France) G, R, 2 IR 20 120 
IRS 1C (India) G, R, 2 IR 23 70, 142 
IRS 1D G, R, 2 IR 23 70, 142 
SPOT-4  G, R, 2IR 20 120 
Landsat 7 B, G, R, 3IR 30 185 
TERRA/ASTER 
(Japan/USA) 

G, R, IR 
4 IR 
3 Thermal IR 

15 
30 
90 

60 

EO-1 (USA)  30 37 
Proba (ESA)  18, 36 14 
SPOT-5   10 120 
IRS ResourceSat  20 24, 140, 740 
IRS-AWiFS (India)  56 350 
CBERS-2 (China/Brazil)  20 113 
FormaSat (Taiwan)  8 24 
ThaiPhat (Thailand)  36 600 
MONITOR-E-1 (Russia)  20 94, 160 
Beijing-1 (China)  32 600 
TopSat (UK)  5 10, 15 
ALOS (Japan)   10 35, 70 

 
 

Temporal resolution is related to the time lapse between successive image 
acquisitions.  For example, Landsat 5 – TM satellite acquires data every 16th day for 
any given location on the surface of the earth, and therefore its temporal resolution 
is 16 days. Other satellites (e.g., AVHRR) collect data on daily basis.   

Radiometric resolution is a measure of precision of the recorded data and 
measured in bits. In an 8-bit data recording device, 256 (28) levels of brightness 
values can be recorded, whereas 10-bit device can record 1024 (210) levels of 
brightness values. Satellite and aerial based remotely sensed data are available in 
difference combinations of resolutions (example, 30 m spatial, 6 spectral bands, 16 
day temporal and 8-bit radiometric resolutions) and it is up to the analyst to select 
the correct type of data for matching the informational needs of a task. 
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2.2. Information Extraction 

Remotely sensed data are available in digital format (earlier, these images were 
printed as hard copy maps and features were manually interpreted). Analysts can 
display the images in any image processing software (Table 3). Depending on the 
specific informational needs, enhancements or classification can be carried out on 
these images. Enhancement refers to a set of image processing steps where 
information content about one or more features in the image is highlighted. 
Enhanced products can be used to prepare hard copy maps or further digital 
processing. Vegetation indices are computed from these images for monitoring 
vegetation condition. Vegetation indices computed from two different time periods 
are useful for change assessment studies.   

Table 3.  Selected examples of remote sensing software. 

Software Manufacturer Website 

ENVI  ITT VIS www.ittvis.com 
ERDAS imagine ERDAS Inc. www.erdas.com 
ER mapper ERDAS Inc www.erdas.com/ermapper 
IDRISI Clark Labs www.clarklabs.org 
ILWIS ITC www.itc.nl/ilwis 
Image analyst Intergraph www.intergraph.com 
PCI  PCI Geomatics www.pcigeomatics.com 

 
 

Mapping earth surface features requires a suite of sophisticated image processing 
tools, such as unsupervised and supervised, neural network and fuzzy logic 
classifiers. Each algorithm has its own advantage and the analyst decides on the type 
of classifier for a given mapping project, based on the informational requirements 
and resource availability along with the time constraints. Most remote sensing 
textbooks include detailed discussion on image classification algorithms. Products 
generated from these classification routines can be printed as maps or can be 
integrated in a GIS for further analyses. Since remotely sensed data are collected on 
a routine basis, periodic updates can be generated for any area and changes in land 
cover can be assessed. 

2.3. Geographic Information Systems (GIS) 

GIS is a computer-based system for storing, displaying, manipulating and analyzing 
geographic data, that can be tied to a geographic location to be described as 
geographic data. For example, the number of locust egg-pods (data) collected in 
each county or district (geographic location) is termed as geographic data. GIS can 
store, organize and analyze diverse sets of geographic data, such as the number of 
locust egg-pods, hopper band or swarm density and area, temperature, rainfall 
received, vegetation at those sites and so on. Users can query a GIS in order to 
combine information from physical and environmental variables for any application. 
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As physical and environmental conditions change, one can update the 
information stored in a GIS and generate new results in a relatively short time. For 
example, an analyst can select sites for field visits based on distance to roads and 
vegetation types. Information on roads and vegetation types are stored separately (as 
spatial data layers) in a GIS and can be combined to generate new or derived 
information. It is possible to combine other variables (e.g. soil type, elevation values 
etc.) to narrow down the sampling sites. A thorough discussion on GIS is beyond the 
scope of this chapter, but numerous textbooks are available. Similarly, GIS software 
has also grown in number and functionality and some of the commonly used ones 
are listed in Table 4. 

Table 4.  Selected examples of geographic information system (GIS) software. 

Software Manufacturer Website 

ArcGIS ESRI www.esri.com 
AutoCAD Autodesk www.autodesk.com 
Cartalink Clark Labs www.clarklabs.org 
GeoMedia Intergraph www.intergraph.com 
GRASS US Army Labs www.cecer.army.mil 
MapInfo MapInfo www.mapinfo.com 
MicroStation Bently Systems www.bently.com 
TNTmips MicroImages Inc. www.microimages.com 
Surfer Golden Software www.golden.com 
Sage GIS DLSR www.dlsr.com.au 

 
 

GIS technology can be used for analyzing spatial patterns in insect populations.  
Georeferenced data about insect densities, crop type, and soils for a location can be 
incorporated in a GIS for producing new map layers (Liebhold, Rossi, & Kemp, 
1993).  A map layer, generally composed of only one type of data, thus has a theme.  
Furthermore, themes that represent similar areas can be combined to form a full GIS 
database. The GIS serves as a tool for analyzing interactions within and between the 
various spatially referenced data themes. Management and analysis of large spatial 
databases would be impossible without this type of software. 

GIS is being widely used in conjunction with remotely sensed data (satellite 
imagery) in Africa and Australia for mapping locust habitats (Bryceson, 1989; 
Cressman, 1997; Voss & Dreiser, 1997). FAO Scientific Advisory Committee 
considered GIS as the most appropriate technology to aid locust forecasters and 
researchers (FAO, 1989). GIS is able to improve the specialists’ ability to assess and 
interpret current and historical data on locusts and the environment (Healey, 
Robertson, Magor, Pender, & Cressman, 1996). Since Desert locust records are 
among the most complete which exist for an insect pest, a specific GIS “SWARMS” 
(Schistocerca WARning Management System) has been developed offering 
researchers and decision makers improved information for studying population 
dynamics and for displaying and testing alternative control strategies (Cressman, 
1997; Magor & Pender, 1997). 
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GIS techniques have also been applied to grasshopper ecology in temperate 
regions, especially in the US. In Montana, with the use of GIS, regional spatio-
temporal grasshopper outbreak characteristics have been examined (Kemp, Kalaris, 
& Quimby, 1989; Cigliano, Kemp, & Kalaris, 1995). In Wyoming, GIS was 
implemented to reveal the historic spatial characteristics of grasshopper outbreaks 
(1960–1993), as well as for spatial analysis of ecological factors related to 
grasshopper population dynamics (Schell, 1994; Lockwood & Schell, 1995). Schell 
(1994) studied the spatial properties of grasshopper infestations in Wyoming and 
found that 72% of grasshopper outbreaks are confined to a particular soil type which 
has a very limited distribution range (1% of the state). Thus, the GIS analysis 
revealed that a certain ecological factor was highly correlated with the potential of a 
habitat to support an outbreak. The results of this study contributed greatly to the 
optimization of grasshopper survey and management in the state (Schell & 
Lockwood, 1995, 1997a, 1997b). 

2.4. Global Positioning Systems (GPS) 

GPS is used, among applications, for determining geographic coordinates while 
collecting data in the field. GPS consists of a constellation of satellites that transmit 
signals which are received by hand-held units called GPS Receivers, that can 
process the signals and determine precise geographic position. Time taken for these 
signals to travel from each satellite to the GPS receiver is used for computing the 
distance to each satellite. A minimum of 3 distance measures from 3 different 
satellites are required to determine a geographic position on the surface of the earth. 
Sophisticated GPS Receivers can simultaneously receive signals from 8 or more 
GPS satellites and therefore compute geographic coordinates with higher accuracy. 
Based on the precision and sophistication GPS Receivers are categorized as 
recreational, mapping and survey grade GPS. Survey grade GPS Receivers are 
expensive and provide very accurate measurements, in comparison to the other 
grades of receivers. 

GPS technology is widely used for navigation and surveys. Relatively 
inexpensive receivers are used in recreational activities while more precise GPS 
receivers are used for navigating emergency and transportation vehicles and to 
obtain their whereabouts in real time. GPS technology is used in field data collection 
for applications such as locating sampling sites or insecticide-treated areas. 
Previously researchers would mark these locations on a printed map to associate 
their samples to geographic space. With the help of GPS technology, researchers can 
record the geographic coordinates while collecting field data and later they can 
export the coordinates to image processing or GIS software. This process eliminates 
errors associated with transcribing field notes and annotated coordinates in maps.  

Several national and international agencies use GPS technology for collecting 
periodic information about events on a near-real time basis. Such methods, in 
addition to reducing the errors associated with transcribing, reduce the time required 
to generate updated information from field data obtained periodically. 
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3. REMOTE SENSING AND LOCUST PEST MANAGEMENT 

Remotely sensed data collected from airplanes and satellites have been used 
for mapping locust habitats and also for assessing the damages to vegetation 
following a locust outbreak. Individual aerial photographs often cover smaller area 
on the ground in comparison to the area covered by moderate resolution satellite 
images such as Landsat (Table 2). The geographic area of some coarse resolution 
satellite images such as AVHRR and MODIS cover several thousand square km. 
Ability to monitor or map large geographic areas is particularly appealing for 
assessing locust damages in remote regions of the earth. Showler (2003) categorized 
the applications as strategic or tactical. Strategic applications include mapping 
potential or actual locust habitats and using that information to devise suitable 
prevention measures e.g., chemical treatments. Tactical applications include 
monitoring ongoing locust plagues from aerial platforms or assessing damages to the 
vegetation following locust outbreaks. Following sections focus on the habitat 
requirements and lessons learned from using remotely sensed data and technology 
for either mapping locust habitats (strategic) or assessing damages (tactical) 
following locust outbreaks. 

In the domain of locust pest management, remote sensing has been used for the 
detection of changes in vegetation and the measurement of certain meteorological 
parameters. For example, satellite images were used to detect zones of green 
vegetation (temporarily mesic habitats activated after sporadic rains) which had the 
potential for colonization by locust populations in xeric landscapes of Africa 
(Cherlet, Di Gregorio, & Hielkema, 1990; Cherlet & Di Gregorio, 1993; Voss & 
Dreiser, 1994, 1997) and Australia (McCulloch & Hunter, 1983; Bryceson & 
Wright, 1986; Bryceson, 1989). With its broad infrared electromagnetic spectrum, 
the TM sensor of the Landsat satellite appears to be a useful instrument for detecting 
different vegetation communities by their reflection in the landscape and mapping of 
locust habitats at scales up to 1:100,000 (Voss, Drieser, & Popov, 1992, 1993a, 
1993b, 1994). 

As for the detection of the entomogenic effects on the vegetation, satellite 
imagery has proved to be useful in forest entomology (Dottavio & Williams, 1983; 
Rencz & Nemeth, 1985). It also has potential for determining the crop losses due to 
locusts (Wewetzer, Krall, & Schultz, 1993). An attempt to use satellite imagery in 
the context of rangeland grasshopper ecology (Schell & Lockwood, 1996) strongly 
suggested that combinations of thermal and infrared wavelengths can distinguish 
infested lands from the surrounding areas. Thus, active infestations are apparently 
revealed by a combination of entomogenic effects, including: (1) more rapid heating 
of the habitat, perhaps due to increased exposure of soils upon removal of forage by 
grasshoppers (thermal), (2) decreased plant/soil moisture, perhaps as a consequence 
of grasshopper feeding (mid-infrared), and (3) changes in plant cell structure, 
perhaps as a consequence of herbivory-induced stress (near-infrared). A 
characteristic “halo” effect has been found with active outbreaks, which suggests a 
gradient of forage loss emanating from a high-density locust band. 

Coupled with field observation, remote sensing can be employed to identify 
soils, vegetation and land use characteristics, and from this initial information, 
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potential and active outbreak areas can be identified. The objective is to discriminate 
vegetation areas from bare soil and to monitor the changes in vegetation densities 
and qualities over time. This is achieved using specific indices, such as the 
Normalized Difference Vegetation Index (NDVI) (Tucker, Hielkema, & Roffey, 
1985).  The methodology is well developed in Africa.  An application of this method 
allowed identification of potential habitats of the Desert locust from remotely sensed 
data (Tappan, Moore, & Knausenberger, 1991; Cherlet & Di Gregorio, 1993) and to 
create corresponding habitat maps (Voss & Dreiser, 1997).   

3.1.  Desert Locust Biology and Habitat Requirements 

The invasion area of the Desert locust (Schistocerca gregaria) occupies 29 million 
km2 in Africa, S. Europe and SW Asia. During recessions, when population 
densities are low, the Desert locust inhabits arid and semi-arid lands covering 16  
million km2 from the Atlantic Ocean to NW India (COPR, 1982). Breeding occurs 
in the areas with 20–25 mm direct rainfall. Preferred oviposition sites are in sandy 
soils with a mosaic of grasses, herbs and shrubs. Although rain over the area is 
largely erratic, it tends to fall seasonally. Consequently locust breeding also takes 
place seasonally in different geographic locations (Fig. 1). The summer breeding 
zones include the Sahel, West Africa, Sudan, Eritrea, Ethiopia, and the India-
Pakistan border. The winter/spring breeding zones include NW Africa, Iran, 
Pakistan, the Red Sea and the Gulf of Aden coasts, and the interior of Saudi Arabia 
and Yemen (FAO, 2001). 
 

 

Figure 1.  Desert locust seasonal breeding zones and population movements 
between them (modified from FAO, 2001). 

Such complicated spatio-temporal pattern and an extremely large scale of the 
Desert locust population dynamics make its survey and forecasting extremely 
difficult. Furthermore, the pest’s breeding areas are often concentrated in very 
remote zones with low resident population or in the zones of the ongoing/imminent 
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military conflicts such as Darfur, Ethiopia-Eritrea or India-Pakistan borders. Ground 
survey in such zones is difficult or impossible. The international cooperation 
between bordering countries is crucial, but it is not always in place for the efficient 
survey of the invasion area of the Desert locust which covers 65 countries. 

3.1.1.  Habitat Mapping and Post-damage Assessment 

Pedgley (1974) was the first to apply satellite data to the Desert locust habitat 
monitoring. Tucker et al. (1985) recognized the potential of the remotely sensed data 
for the locust survey and forecasting. Hielkema (1981), Hielkema, Roffey, and 
Tucker, (1986) and Ghaout (1990) used Landsat imagery to map vegetation in the 
critical locust’s gregarization areas in West Africa. Louveaux, Ghaout, and Gillon 
(1990) studied the functioning of the winter breeding area of the Desert locust in 
Mauritania using, among other techniques, the Landsat data. Successful 
implementation of a preventive Desert locust control strategy requires early and 
reliable knowledge of areas where vegetation emerges after rainfall, providing 
suitable conditions for oviposition, egg hatching and hopper development. Cherlet 
and Di Gregorio (1993) tested the reliability of the NOAA AVHRR satellite data for 
these purposes. They attempted to calibrate different NOAA vegetation indices 
including NDVI, using extensive ground-collected field data from Niger. Their 
proposed calibration included two steps: (1) masking out the areas with no 
ecological potential for locust breeding; (2) correction of the vegetation index with a 
factor derived from the soil brightness. This methodology allowed the authors to 
detect some changes in the low cover vegetation. However, the lack of the 
background historical database on both, the vegetation and the locusts in certain key 
Desert locust breeding areas remains a major obstacle precluding the introduction of 
the remote sensing tools into the survey practice. 

Mapping of the Desert locust habitats using satellite imagery was done by the 
group of the late Prof. Dr. F. Voss in the 1990s. Dreiser (1994) used the Landsat 
Thematic Mapper data to produce the locust habitat maps for certain areas of Sudan, 
Mali and Mauritania at the scale of 1:200,000. Voss and Dreiser (1994) used the 
NDVI to detect the vegetated areas and then classified them with the maximum 
likelihood technique. The reliability of the resulting maps depended largely on the 
extensive ground observations and experience of the renowned locust expert Popov 
(1997) who participated in these studies. Such expertise is often unavailable in other 
Desert locust breeding areas which hinders the verification of the maps derived from 
satellite images. The authors concluded that the Landsat data were useful to assess 
the potential suitability of the Desert locust habitats. However, the actual habitats 
could be identified using higher temporal resolution imagery like NOAA AVHRR in 
combination with actual meteorological data from Meteosat and other similar 
satellites, which involve higher acquisition and processing costs (Voss & Dreiser, 
1997). Despland, Rosenberg and Simpson (2004) used the vegetation indices 
derived from NOAA AVHRR data to connect the Desert locust gregarization and 
band formation areas in Mauritania and Sudan to landscape structure. The authors 
concluded that the spatial resolution was insufficient to detect the initial 
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gregarization zones. Similarly, Babah Ebbe (2008) was not able to distinguish the 
vegetation from bare soil in Mauritania using the NDVI derived from the Landsat 
TM data. The author concluded that the very low vegetation density in the Saharan 
and Sub-Saharan zones does not allow for a reliable Desert locust habitat inventory 
using the Landsat tools. These findings are in line with those of the Desert Locust 
Information Service (DLIS) of the FAO UN which uses satellite data for forecasting 
locust outbreaks (http://www.fao.org/ag/locusts/en/activ/DLIS/satel/index.html). 

Until recently, DLIS relied on 1 km resolution SPOT-VGT imagery to monitor 
ecological conditions in a locust breeding areas. Although the sensor was 
specifically designed for vegetation monitoring, it has become clear that it is 
difficult to detect the sparse vegetation in the desert – vegetation that appears to be 
dry to the satellite yet, sufficiently green for Desert locust survival and breeding, 
resulting in under-prediction of the pest threat.  Consequently, DLIS turned to higher 
resolution imagery, that of 250 m resolution MODIS, consisting of 16-day 
cumulative images. Analysis of individual channels provides an even more accurate 
estimation of ecological conditions in Desert locust habitats which are subsequently 
verified with survey results.   

Besides the vegetation, rainfall is another essential parameter necessary for 
accurate Desert locust forecast and risk assessment. DLIS uses rainfall estimates 
derived from METEOSAT, mainly infrared and visible channels, to understand 
better the spatial and quantitative distribution of rainfall in the Desert locust 
breeding areas. Although images are available every 15 min and estimates every 
three hrs, DLIS uses daily 24-h cumulative estimates as well as decadal estimates of 
rainfall processed by Columbia University's International Research Institute for 
Climate and Society (IRI). DLIS combines satellite-derived estimates with those that 
originate from meteorological models. Whenever possible, these are verified with 
ground data. 

DLIS collaborates with a variety of universities and other partner institutes such 
as the IRI, the Italian Institute of Biometeorology (IBIMET), the European 
Commission Joint Research Centre (JRC), NASA's World Wind Project, and the 
Catholic University of Louvain (Belgium) in improving the application of remote 
sensing imagery for Desert locust monitoring and forecasting. SPOT-VGT and 
MODIS imagery is made available every 10 and 16 days respectively to locust-
affected countries. These products are used to help guide national survey teams to 
potential areas of green vegetation where Desert locust may be present. 

Active remote sensing in the form of Vertically Looking RADAR (VLR) was 
used to observe the Desert locust flights over the Sahara as early as in 1968 (Roffey, 
1969). This technique provided novel measurements of aerial density, orientation, 
direction and speed of flight of solitarious locusts (Schaefer, 1969, 1976). Despite its 
very promising first results, the use of the RADAR devices for monitoring of the 
locust swarm migrations was considered impractical, mostly because of the time-
consuming nature of the data analysis (Reynolds, 1988; Riley, 1989). Subsequent 
attempts to use VLR showed its potential to distinguish between the flying Desert 
locusts and other insects (Smith, Riley, & Gregory, 1993). The obtained data could 
be a useful complement for the routine locust surveys (Riley & Reynolds, 1997; 
Chapman, Reynolds, & Smith, 2003).   
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Finally, it is necessary to point out that currently available satellites are not able 
to directly detect individual locusts or locust swarms and hopper bands. An attempt 
of Kibasa (2006) to detect the actual locust groups with the high-resolution Spot 5 
data failed, confirming that it was not possible to distinguish the insects from the 
background soil.  

With regard to the GIS applications, the analyses of the enormous amount of 
geospatial information collected by both, the satellites and field surveys from the 
vast geographic area of the Desert locust would be impossible without appropriate 
GIS tools (Hielkema & Snijders, 1994). The GIS SWARMS which was developed 
by the FAO in collaboration with Natural Resources Institute and the University of 
Edinburgh (UK) specifically for these purposes contains a number of databases 
including historical locust data for nearly 100 years, weather data, and background 
information such as soils and topography (Healey et al., 1996). SWARMS has been 
used operationally for locust early warning since 1996; it is being constantly revised 
and updated. 

One of the major hurdles in effective Desert locust forecasting is the collection 
and recording of data in the field and their subsequent transmission to a national 
locust center in near-real time. FAO DLIS developed, in collaboration with 
Novacom (France), a handheld device named eLocust2 for field locust officers 
(http://www.fao.org/ag/locusts/en/activ/DLIS/earlywarning/index.html) to enter and 
send geo-referenced data in real time. The field officer enters and saves the data into 
a rugged handheld device which automatically determines the coordinates of the 
location of the survey or control operation using GPS technology. With a press of a 
button, the officer sends these data via satellite to the national locust center where 
they are received as an email attachment, downloaded, decoded and imported into a 
GIS. This GIS named RAMSES is used for the management and analysis of field 
results and of locust and environment data at a national level. eLocust2 data from 
the field are automatically imported into RAMSES and then are exported to FAO 
DLIS for further analysis, forecasting and early warning. 

Furthermore, FAO DLIS utilizes several specialized tools to supplement its 
analysis and forecasts (Ceccato, Cressman, Giannini, & Trzaska, 2007). A 
Trajectory Model (developed by Meteo Consult) estimates the source and 
destination of swarm migrations forward and backward in time. Rainfall estimates 
and MODIS satellite imagery provided by IRI at Columbia University (New York, 
USA) are used to try to understand where it has rain and where vegetation is green 
in the desert. Seasonal predictions of temperature and rainfall 6 months in advance 
are analyzed. Another model is used that estimates the developmental times of 
locust eggs and hoppers. The use of these tools in combination with the GIS allows 
the best possible analysis from which forecasts and early warning can be issued. 

Another tool potentially useful for locust forecasting is geostatistics.  
Woldewahid (2003) used geostatistics to predict the Desert locust densities at distant 
locations in the Red Sea coastal plains of Sudan, by spatial interpolation through 
kriging. He found a strong relationship between the Desert locust densities and the 
millet croplands despite the fact that these croplands occupied only a limited 
proportion of the study area (5%). 
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3.2.  Migratory Locust Biology and Habitat Requirements 

Migratory locust Locusta migratoria has the largest distribution area among all 
grasshoppers and locusts covering almost entirely the temperate and tropical zones 
of the eastern hemisphere (Fig. 2). Yet the ecological requirements of the species are 
rather narrow. Within this vast range the locust breeding areas are restricted to 
grasslands on light soils, often in the wetlands with reed stands along rivers or lakes.  
There are about 10 subspecies or geographic races of the Migratory locust slightly 
differing biologically and morphologically (COPR, 1982). The tropical races 
develop continuously without diapause, while the temperate ones are univoltine. 

3.2.1.  Habitat Mapping and Post-damage Assessment 

To date, remote sensing tools were applied to habitat mapping and damage 
assessment for two subspecies, L. m. migratoria in Central Asia and L. m. 
manilensis in China. In Kazakhstan and Uzbekistan, remotely sensed data collected 
from satellite platforms were used for mapping potential habitats of the Asian 
Migratory locust L. m. migratoria (AML). Throughout Central Asia, the AML 
spends most of its life cycle in common reed (Phragmites australis) stands, usually, 
in river deltas.  
 

 
Figure 2.  Distribution area of the subspecies of the Migratory locust Locusta 
migratoria (modified from COPR, 1982 by Latchininsky et al., 2002).  Locusta 

migratoria migratoria and other northern subspecies___; L. m. cinerescens -  -  - ; L. m. 
burmana •••••; Indian subspecies …-; L. m. migratorioides  - . - . L. m. capito …+…; 

Arabian subspecies ++++; L. m. manilensis ….; Australian subspecies -+-+-. 

To identify the AML habitats, one approach is to map the reed distribution 
annually or at specific times of the year coinciding with AML developmental stages 
(e.g., hatching of eggs or oviposition). Sivanpillai, Latchininsky, Driese, and 
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Kambulin (2006), and Sivanpillai and Latchininsky (2007) demonstrated the utility 
of information derived from Landsat and MODIS satellites to estimate reed 
distribution in the River Ili (Kazakhstan) and Amudarya River (Uzbekistan) deltas 
respectively. Results from these studies showed that satellite data could accurately 
map the reed stands when they are dominant (>80% classification accuracy). 
However, satellite data had relatively lower accuracy in detecting reeds growing 
together with other vegetation like shrubs and sedges (Latchininsky, Sivanpillai, 
Driese, & Wilps, 2007; Sivanpillai & Latchininsky 2008). Navratil (2007) used the 
higher resolution multispectral data collected by the SPOT satellite (Table 2) to map 
the reed distribution for a portion of the Amudarya River delta. Landsat Thematic 
Mapper 5 data could be used for mapping emerging reeds in the spring 
(Latchininsky et al., 2007). This time period coincides with the hatching of AML 
eggs and the satellite-derived information could be used for directing the ground 
survey towards potential nymphal habitats. Distribution of reeds coinciding with the 
locust oviposition (late summer) was mapped by Sivanpillai and Latchininsky 
(2008). Such information could be used for locating locust egg-beds. Satellite-
derived information could assist the government pest management agencies to 
devise treatment plans. Since satellites collect data on a regular basis, reed 
distribution maps can be updated periodically, providing basis for targeted locust 
surveys and treatments. 

Satellite data acquired prior and after an outbreak have been used for quantifying 
damages to vegetation. Ji, Xie, Li, Li, and Zhang (2004) used the pre- and post-
damage MODIS images for assessing the damages caused by the Oriental Migratory 
locust L. m. manilensis in China’s Hebei Province. Using the NDVI values derived 
from these images, the researchers were able to identify the affected areas. The extent 
of vegetation damage was grouped into light, moderate, and heavy damage categories.  
Although MODIS images have relatively coarse spatial resolution (250 m), it was 
possible to identify 89% of the impacted areas. The authors concluded that satellite-
derived information could be more efficient than the traditional ground surveys. 

Zha, Gao, Ni, and Shen (2005) assessed the utility of MODIS data acquired over 
the growing season for monitoring Oriental Migratory locust outbreak in China. 
Tian, Ji, Xie, Li, and Li (2008) repeated the work conducted by Ji et al. (2004) using 
Landsat ETM+ data and reported higher classification accuracies compared to 
MODIS data. Ma et al. (2005) used Landsat ETM+ data to assess damage to 
vegetation caused by L. m. manilensis in China’s Dagang region. The ground-based 
locust monitoring stations established in the 1950s were unable to survey the 
expanded infested areas. Using the Leaf Area Index values derived from pre- and 
post-damage images, the authors demonstrated the value of satellite data for routine 
monitoring of vegetation condition. Tian et al. (2008) repeated the pre- and post-
damage assessment work conducted by Ji et al. (2004) but using Landsat ETM+ 
data, and reported a very high accuracy of 98% for determining the geographic 
extent of the locust damage. However, the accuracy was slightly lower (92%) when 
they attempted to categorize the severity of the locust damage from Landsat images. 
Using soil moisture indices derived from MODIS data, Liu et al. (2008) 
demonstrated significant differences in soil moistures during severe (2001–2002) 
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and moderate (2003–2004) outbreak years in 3 regions prone to Oriental Migratory 
locust outbreak in China. 

Applications that used satellite data for mapping Migratory locust habitats, 
assessing risks of infestation and evaluating vegetation damage were comparatively 
fewer than the number of applications that focused on Desert locust (Section 3.1) or 
the Australian Plague locust (Section 3.3). 

3.3.  Australian Plague Locust 

Australian Plague locust Chortoicetes terminifera occurs throughout Australia (Fig. 
3). Its ideal habitats consist of a mosaic of bare ground for basking and egg-laying, 
short grass cover for feeding and taller sparse tussocks for night shelter (COPR, 
1982). The locust can produce three annual generations under favorable weather 
conditions, primarily sufficient moisture. Hoppers form dense bands which move 
several 100 m per day. Plagues originate from several recession areas in SW 
Queensland, Central New South Wales, and NW Victoria where locusts are always 
present. Usually the onset of the plague is triggered by abnormally heavy rains from 
late November to January in the recession areas of the Australian dry interior.   

From these outbreak centers the huge swarms of adults migrate into agricultural 
zones covering distances of several 100 km. Rangeland forage is the preferred food 
for the Australian Plague locust. Migrating swarms, however, inflict severe damage 
to cereal crops, vineyards, orchards and vegetable gardens. 

3.3.1. Habitat Mapping and Post-damage Assessment 

Breeding zones of the Australian Plague locust situated in remote and semi-desert 
locations, the Australian entomologists were among the first to use remotely sensed 
data for locust habitat mapping. One of the earlier attempts to relate information 
derived from Landsat data with locust data was conducted by McCulloch and Hunter 
(1983). This study demonstrated that locust presence was confined to the following 
three map classes: stony downs, stony plains and high-level flood plains. Further 
development of the remote sensing tools was done by Bryceson (1984): he was able 
to detect even small area of vegetative growth after rains with Landsat data.  
Bryceson and Wright (1986) used several Landsat images modelled the origin and 
spread of the 1984 Australian Plague locust outbreak. In this study they concluded 
that it was feasible to use satellite data to monitor changes in vegetation condition 
which could then be associated with locust breeding areas.  

In yet another study, Bryceson (1989) used Landsat MSS data to track the egg-
bed areas of the Australian Plague locust in New South Wales. Furthermore, the 
author showed that satellite data were instrumental in identifying the source areas 
from which the locust plagues developed (Bryceson, 1990, 1991).   
 
 

179



 A.V. LATCHININSKY & R. SIVANPILLAI 

 

Figure 3.  Australian Plague locust habitat (shown as shaded areas) map (Courtesy: Dr. 
Hunter and Mr. Deveson, Australian Plague Locust Commission, Canberra, Australia). 

In Australia, locust monitoring and control are executed by a federal agency, the 
Australian Plague Locust Commission (APLC), specifically created for these 
purposes. This facilitated the introduction of the meteorological remotely sensed 
data into the practice of locust forecasting (Bryceson & Cannon, 1990; Bryceson, 
1993; Bryceson, Hunter, & Hamilton, 1993; Hamilton & Bryceson, 1993).  Multiple 
information sources, including remotely sensed vegetation and weather data as well 
as locust infestation data, were integrated into a decision support system developed 
at APLC (McCulloch, Bie, & Spurgin, 1994; Deveson & Hunter, 2000, 2002; 
Deveson, 2001). 

Locust swarm migrations were tracked in Australia by active remote sensing in 
the form of vertically-looking RADAR (Drake, Harman, & Hunter, 1998; Drake 
et al., 2001; Deveson, Drake, Hunter, Walker, & Wang, 2005). The methodology 
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proved useful. However, high costs of the installation and maintenance of the 
RADAR stations precluded it from practical use.  

Hunter, McCulloch, and Spurgin (2008) demonstrated the possibility of detecting 
the locust nymphal bands from a low-flying aircraft, as a useful survey option. 
Australia remains an international leader in the operational use of remote sensing 
and GIS applications in locust management. 

3.4. Other Locusts  

About a dozen other locust species exist in addition to those described in earlier 
sections and their distribution ranges often cover vast, sparsely populated and 
remote areas. These locust species can cause economic and environmental impact 
similar to any of the locusts discussed above. For example, the Moroccan locust 
(Dociostaurus maroccanus) habitats extend over 10,000 km across N. Africa, 
Middle East and Central Asia. Moroccan locusts can destroy valuable agricultural 
crops and adversely impact the livelihood of farmers in these regions. Chemical 
treatments can be effective only if they are coordinated by all impacted countries.  
Similarly, the Central American locust (Schistocerca piceifrons piceifrons) poses a 
threat to agricultural operations in Mexico and neighboring countries. Other locusts 
affect South Africa, South America and Southeast Asia. National Plant Protection 
Agencies in these regions spend considerable amount of resources for monitoring 
and managing the locust populations every year. 

Applications of the remote sensing and GIS technologies for monitoring and 
management of the locust species other than the Desert, the Migratory and the 
Australian plague locusts are very scarce. To our knowledge, such studies were done 
for only two other locusts. Franc (2007) used high resolution SPOT satellite data to 
trace habitats of the Red locust Nomadacris septemfasciata in Madagascar. 
Comparing two SPOT images, one dated 1986 and the other dated 2004, he 
calculated the areas of deforested zones which served as migration pathways for this 
locust in the basin of the River Sofia. The accuracy of the image classification (77%; 
Kappa = 0.75) was verified through ground surveys. In 1986, the combined area of 
such “corridors” was 41,677 ha but as a result of intensive deforestation it increased 
to 67,607 ha by 2004. The newly cleared areas provided new migration pathways for 
the Red locust which produced spectacular outbreaks in the early 2000s for the first 
time ever in Madagascar.   

Sivanpillai, Latchininsky, Peveling, and Pankov (2009) used the Indian Remote 
Sensing (IRS) P6 Satellite –Advanced Wide Field Sensor (AWiFS) data to map the 
Italian locust Calliptamus italicus habitats in a very heterogenic landscape of NE 
Kazakhstan, consisting of active and fallow croplands, shrub lands, grasslands and 
riparian zones. This locust species inhabits primarily abandoned agricultural fields 
(fallows) covered with sagebrush (Artemisia spp.) and other broadleaved weeds. 
Despite its relatively coarse spatial (56 m) and spectral (4 bands) resolutions, the 
AWiFS data were sufficient to identify most landscape features. 
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CONCLUSIONS 

The idea of using remotely sensed data to identify locust habitats became plausible 
with the introduction of non-military satellites in the 1970s. Distribution ranges of 
many locust species cover vast, sparsely populated and remote areas, and the 
satellite data appeared to be tailor-made to address the spatio-temporal extent of the 
locust habitats. However, in the last two decades of the twentieth century, the 
practical use of the satellite data was impeded by inadequate computational 
hardware capacities and lack of specialized training for locust specialists in remote 
sensing data acquisition and processing. Hence, after a period of over-enthusiastic 
claims and views of the remote sensing as a panacea for solving locust problems, the 
research reports in the beginning of the 2000s sounded more cautious, if not 
skeptical (Despland et al., 2004; Tratalos & Cheke, 2006). In the present chapter we 
attempted to summarize the most important achievements and drawbacks of the 
applications of the remote sensing and GIS technologies to locust monitoring and 
risk assessment.  Out of about a dozen locust species worldwide, this technology has 
been developed for only three species, the Desert, the Migratory, and the Australian 
Plague locusts. Numerous advances have been made in the use of satellite remote 
sensing data for monitoring the Desert locust habitats in Africa. Similarly, the 
habitats of the Australian Plague locust are being monitored through satellites, aerial 
photographs and RADAR imaging (active remote sensing) technologies. Satellite 
data from different platforms were used for habitat monitoring and crop loss 
assessment for the Migratory locust in Asia.  For two other species, the Red and the 
Italian locusts, only pilot studies were done in this domain. 

The use of remotely-sensed information including the data from meteorological 
satellites became a routine part of the forecasting done by the FAO UN Desert locust 
Information Service (DLIS). Yet the efficacy of the forecasts is challenged by the 
vast geographic extent of the monitored territory of the Desert locust recession area 
(16 million km2) and, consequently, by the huge amount of information to be 
collected and processed in near-real time (Van Huis, Cressman, & Magor, 2007). 

Habitats of the Migratory locusts, which are confined to reeds around water 
bodies, can be identified even with satellite platforms of relatively coarse spatial 
resolution (e.g. MODIS). Continuous reed stands are easily distinguishable 
spectrally from other land cover classes except when the reeds are mixed with 
shrubs of other vegetation.  For such cases a higher temporal resolution of satellites 
with a shorter revisiting time is instrumental in following the phenological changes 
in the vegetation throughout the growing season. 

The Australian Plague locust management is implemented by the governmental 
entity, the APLC, which uses satellite and GIS technologies for locust monitoring 
and forecasting across a vast area of inner Australia. This country was one of the 
pioneers in practical introduction of the remote sensing as well as other technologies 
such as RADAR and aerial photography in locust population management. 

Applications of remote sensing and GIS technologies for mapping and 
monitoring the habitats of most other locusts throughout the world lag behind. Some 
of these habitats are situated in active agricultural areas of countries such as 
Kazakhstan, Uzbekistan and Mexico. Locust pest outbreaks in these areas adversely 
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impact the economy and environment. Governments of these countries either 
independently or jointly (with their neighbors) are engaged in periodic monitoring 
and treatments to control locust populations and prevent them from damaging 
agricultural crops. Recently, efforts are underway to form a group of Central Asian 
and Caucasian countries to coordinate the locust population monitoring and control 
activities. 

Future locust habitat monitoring and surveying activities should incorporate 
remote sensing and GIS technologies for optimizing the resources available in these 
countries. Future work should also focus on testing the utility of remotely sensed 
data for mapping and monitoring the habitat of locust species that are yet to be 
studied. It is also encouraging that both the number of remote sensing satellites and 
the countries that launch them have increased since early 1970s. In addition to 
government agencies several private companies have also launched remote sensing 
satellites that are collecting data for different parts of the world. With this increased 
availability of remotely sensed data (Table 2), users have a wide range of choice in 
terms of spatial, spectral and temporal resolutions while selecting imagery for a 
particular application. For example, images can be acquired more frequently by 
obtaining data from different remote sensing satellites with complementary spatial 
and spectral resolutions (Section 2) providing the required information about locust 
habitat. Plant protection agencies and international organizations must capitalize on 
these developments in terms of increased data availability. 

With more and more remotely sensed data distributed via the internet the time 
associated with obtaining the data has reduced tremendously. Previously data were 
mailed in tapes and discs and it could take several weeks thus reducing its 
usefulness. It is also important to note that not all countries or regions have access to 
high-speed internet. However, most remote sensing data can be downloaded directly 
from the satellites to ground receiving stations and processed in any country or 
region, thus avoiding the need to transfer large volumes of data through internet. 
Such activities require collaboration among international agencies (i.e., FAO), 
impacted countries, and satellite data vendors and agencies. 
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