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1. Event 

The years 2019 to 2021 saw the emergence and spread of a desert locust (Schistocerca 
gregaria)1 infestation2 that reached across the Arabian Peninsula, the Horn of Africa and 
South Asia. At the height of the upsurge, a total of 23 countries were affected ((World 
Bank, 2020; FAO, 2020e), with an intensity that made this event the worst locust infesta-
tion that Ethiopia and Somalia had experienced in 25 years, and the worst in over 70 years 
for Kenya and Uganda. The ensuing large-scale loss of vegetation to locust swarms 

1   The term ‘desert locust’ is generally used here to refer to the subspecies Schistocerca gregaria gregaria, as  
 the second subspecies of the same name, S. gregaria flaviventris, has only been recorded swarming twice  
 (Le Gall and others, 2019).

2 While the term ‘locust outbreak’ is consistently used in the main report for the sake of simplicity, scientific  
 literature differentiates between a variety of terminology to describe locust presence depending on its  
 intensity: recession (periods without infestations through swarms and bands, locusts are solitarious), out 
 break (high locust densities leading to gregarization), upsurge (infestations of gregarious bands and swarms  
 that persist for several seasons), plague (widespread infestations that persist over years with high  
 intensity) (van Huis and others, 2007). In contrast to the main report, this technical report will use this  
 vocabulary. 

Figure 1: Development and spread of the desert locust infestation between March 2018 and March 2020. 
Source: FAO/DLIS
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not only caused significant economic damages, it also directly threatened the livelihoods 
and nutrition of an estimated 42 million people already at risk from food insecurity in the 
predominantly agriculturally-dependent infestation hotspots (FAO, 2021c). Large-scale 
response measures were implemented to curb the 2019−2021 upsurge, with the Food and 
Agriculture Organization of the United Nations (FAO) requesting US$312 million in funding 
(FAO, 2020b) and treating 1.3 million hectares by the end of 2020, with another 0.7 million 
hectares targeted for treatment in 2021 (FAO, 2020a). 

The seeds of this outbreak were laid in 2018 when cyclones brought heavy rainfall to the 
remote area called ‘Empty Quarter’ in the Arabian Peninsula, creating prolonged favour-
able breeding conditions and allowing three generations of locusts to multiply undetect-
ed. In January 2019, the first swarms spread into neighbouring Saudi Arabia, Yemen and 
Iran, where further breeding occurred, creating new swarms that spread out towards the 
Indo-Pakistan border as well as Somalia and Ethiopia. By autumn and winter 2019/2020, 
desert locust infestations had spread further into African countries and along the Persian 
Gulf, reaching as far as northern India in late spring and summer of 2020. While the situa-
tion in Southwest Asia was controlled by September 2020, the infestation continued in the 
Horn of Africa and around the Red Sea, with extensive breeding causing the emergence of 
new swarms and bands. Cyclone Gati, in November 2020, further created favourable con-
ditions in north-east Somalia and extended the breeding areas in the country. The desert 
locust infestation raged on in the Horn of Africa and the Arabian Peninsula until early 2021, 
when the swarms began to decline due to control efforts and unfavourable weather con-
ditions (FAO, undated c). Nevertheless, at the point of writing the infestation has not been 
entirely overcome and, for example, favourable weather events or a lapse of vigilance and 
control of current hatching in Ethiopia, Somalia, Saudi Arabia and Yemen could re-ignite 
the upsurge (FAO, 2021a).
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2. Impact
Direct impacts

While data on the total damages caused by the 2019−2021 locust upsurge was not yet 
available at the time of writing, an FAO brief from April 2020 estimated that in Ethiopia 
alone 200,000 hectares of cropland had been damaged by locusts, causing a cereal loss of 
over 3,562,856 quintals and leading to a 50 per cent price increase for cereals compared to 
2019 (FAO, 2020d). This, combined with the effects of COVID-19 on food systems, height-
ened food insecurity across affected regions. Xu and others (2021) calculated that 878 
million tons of cereal production was heavily affected by the locust upsurge, estimating 
a cereal production loss of 5.5 per cent in 2020 and 14.9 per cent in 2021 in the affected 
regions. They predict an output loss of up to 90 per cent in North and West Africa, and up 
to 70 per cent in East Africa in 2021.
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While the threat of hunger was most pronounced in 
the Horn of Africa and Yemen, which were already 
struggling with food insecurity (Huang, 2020), losses 
caused by locusts were also significant elsewhere, 
with India estimating that over 200,000 hectares 
of crops were damaged when locusts invaded the 
country in 2019/2020 (Kapil, 2021). Vegetation loss 
to locusts does not only affect crops, however. Live-
stock are also impacted by the destruction of their 
fodder, endangering the livelihoods of pastoralists. In 
2019 alone, Kenya reported the productivity loss of 
up to 30 per cent of its pastureland (CropLife Africa 
Middle East, 2020). As livestock’s health declined to 
the point of starvation, many households were forced 
to attempt to sell their animals in order to buy food. 
However, the aforementioned 2020 analysis of FAO 
found that livestock prices remained low in compari-
son to the spiking food prices, meaning that livestock 
owners selling off their assets still faced food insecu-
rity (FAO, 2020d).

Indirect impacts

The large-scale intervention to control the locust upsurge is credited with preventing an 
estimated $1 billion in damages (FAO, 2020a), but has brought adverse effects of its own: 
ninety per cent of combating agents used in control campaigns during the 2019−2021 
upsurge were chemical pesticides, including agents that are banned in the European Union 
and United States. These are not only effective against locusts but also cause high mor-
tality in non-target species, thus harming local biodiversity, reportedly poisoning livestock 
and even endangering human health (McConnell, 2021; Smith & Kayama, 2020). Locust 
control most often utilizes ultra-low volume (ULV) formulated pesticides, which do not 
require being mixed with water and reduce the amount of pesticides required for spraying. 
Commonly used chemical pesticides for desert locust control are organophosphates such 
as Chlorpyrifos, Malathion and Fenitrothion, as well as pyrethroids, in particular Deltame-
thrin. These fast-working insecticides are sprayed on to locust bands and swarms as well 
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as the vegetation, poisoning the individuals both through direct contact and secondary 
contact as they move through and feed on vegetation (FAO Pesticide Referee Group, 
2014). However, none of these agents attack locusts specifically. On the contrary, a wide 
range of non-target species across the food chain are affected. Affected species include 
many that are beneficial to humans, such as pollinators and indeed livestock, which farm-
ers have reported being poisoned by pesticide residues after spraying. For example, while 
Fipronil − an agent that persisted particularly long in the environment after spraying − has 
been largely disbanded from use due to its severe impact on ecosystems, other aggressive 
pesticides are still in use (Smith & Kayama, 2020; Nasike, 2021). This also raises concern 
for human health in heavily sprayed areas, as for instance Fenitrothion has been linked to 
changes in the human hormonal system (Tamura and others, 2001) and there is corrobo-
rative evidence that Chlorpyrifos impacts brain development, especially in children (Rauh, 
2018). While less harmful alternatives exist, these are not yet widely in use, especially under 
the difficult procurement conditions posed due to the COVID-19 pandemic. Nevertheless, 
fungus-based biocides were used for locust control in Somalia, and later also in Kenya and 
Ethiopia (CropLife Africa Middle East, 2020; FAO, 2020c).

Emerging risks

Though the locust upsurge is currently receding, its impacts are likely to be felt for some 
time, and not only in the shape of pesticide residue and related biodiversity loss. Despite 
307,000 households being targeted with anticipatory action and/or in-kind or cash liveli-
hood-recovery interventions by the FAO (FAO, 2020a), the combination of the locust inva-
sion and the COVID-19 pandemic has depleted household assets and destroyed livelihoods, 
leaving many farmers unable to recover in the near future (Smith & Kayama, 2020). To 
cope with the 2003−2005 desert locust outbreaks, 90 per cent of household heads were 
forced to go into debt in the most affected countries (Melvin, 2020). Resource competition 
under these conditions can also potentially escalate existing conflicts, which are prevalent 
between farmers and pastoralists in many of the affected areas (Smith & Kayama, 2020). 
While it is too early to begin to measure long-term impacts of the 2019−2021 outbreak, 
evidence from previous locust upsurges indicate far-reaching effects. Analysing the ef-
fects of the 2003−2005 locust infestation in Mali, Conte and others (2020) found that the 
drop in food security (due to both speculative/anticipatory price effects and actual harvest 
losses caused by the infestation) had a detrimental effect on foetal development, and also 
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affected the children’s health after birth (Conte and 
others, 2020). Studying effects in the same country, 
de Vreyer and others (2015) showed that the 1987–
1989 locust plague had a significant impact on the 
educational outcomes of children, with many rural 
children being forced to drop out of school or experi-
encing a drop in educational achievement during the 
plague (de Vreyer and others, 2015). Such outcomes 
may significantly affect the future lives of children 
who were exposed to a locust upsurge, shaping both 
individual life paths and communities, as for example 
migration and reduced educational attainment also 
affect future gender equality. Similarly, long-term 
health effects caused by the pesticides used to curb 
the 2019−2021 upsurge have not yet been discov-
ered, but may possibly emerge, particularly in chil-
dren and pregnancies carried during the treatment. 
In this way, locust infestations can destabilize rural 
communities across the areas they affect, undo-
ing much of the development previously achieved 
(Kassegn & Endris, 2021). We can therefore assume 
that the effects of the 2019−2021 locust upsurge will 
be felt long after it has subsided.

The 2019−2021 desert locust outbreak will also not 
be the last in this and surrounding regions. The trop-
ical storms and rainfall that created the conditions 
triggering the locust infestation are ocean warming 
due to climate change, indicating that conditions 
favouring locust outbreaks may occur more frequent-
ly in this region in the future (Salih and others, 2020; 
Stone, 2020). This gives cause for concern, espe-
cially considering that locust management capaci-
ties in this region proved inadequate to control the 
2019−2021 upsurge (see section 4, Root causes).



9

Technical Report Locust Outbreak

3. Drivers

Considering the scope of the 2019−2021 locust upsurge, questions arise concerning how 
such an infestation could be allowed to spread this far. This section therefore seeks to 
explain the factors that contributed to this event in addition to the root causes that are 
outlined in the following section. Not only were the areas where the outbreak first emerged 
extremely remote and consequently hard to monitor, but conflict and insecurity in both 
Yemen and Somalia also rendered some breeding areas inaccessible even after they had 
been identified, and Yemen’s civil war disrupted its existing locust management system to 
the point that it was unable to functionally respond to the upsurge (Al Batati, 2020; Showl-
er and others, 2021). Connected to the extreme rainfalls, East Africa had also suffered 
large-scale flooding, causing displacement and the loss of crops and livestock, as well as 
a regional infestation of the Fall Armyworm (Waruru, 2019), which exacerbated the effects 
of the desert locust infestation and overstretched response capacities (Kassegn & Endris, 
2021). However, the most devastating factor exacerbating the 2019−2021 infestation was 
the COVID-19 pandemic. 

Spreading rapidly across the globe, the COVID-19 crisis disrupted societies, economies 
and individual lives at all levels. Its impact on food chains increased food insecurity, height-
ening the vulnerability of households to the impacts of locust swarms (FAO, 2021c; Xu 
and others, 2021). However, acquisition and distribution of staff, technical equipment and 
combating agents were all impeded by the COVID-19 pandemic, as containment mea-
sures hindered expert teams from travelling and supply chains, including for pesticides, 
were disrupted (Byaruhanga, 2020). This significantly slowed response implementation, 
in particular as stockpiles of equipment were lacking in the affected countries (see section 
4, Root causes). In previous upsurges, affected households could alleviate their situations 
by seeking alternative income sources through family members migrating to other areas, 
usually cities, where jobs are available. However, travel restrictions due to the COVID-19 
pandemic prohibited migration, severely limiting coping strategy options. In Kenya, for 
example, some households strongly affected by the locust outbreak reportedly turned to 
illegal charcoal burning to generate income in order to compensate for lost harvests and 
livestock (Smith & Kayama, 2020), with detrimental environmental effects. The cumulative 
economic and social impacts of the COVID-19 pandemic are thus likely to exacerbate the 
long-term effects of the locust upsurge indicated in the impacts section.
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4. Root causes
Ecological causes of locust outbreaks

Locusts are a type of grasshopper distinguished by their ability to transition between two 
different phases – the solitarious and the gregarious phases – based on population density. 
At low densities, solitarious individuals avoid each other except for mating and are incon-
spicuous to humans both through their muted behaviour and their camouflaged colour-
ing. When the population reaches a critical density, however, locusts undergo a dramatic 
transformation in both appearance and behaviour. Developing bright colouring, gregar-
ious individuals actively seek each other out, forming juvenile ‘hopper bands’ and adult 
swarms (Verlinden and others, 2009). Gregarious desert locust swarms can cover over 
1,000 square kilometres, with between 40 million and 80 million locusts amassing in each 
square kilometre (FAO, 2020e). While such large swarms take time to become established, 
the switch between phases occurs suddenly: solitarious desert locusts become gregarious 
after only four hours under crowded conditions (Collett and others, 1998). When and where 
critical population densities for gregarization are reached depends largely on environmen-
tal factors. Though the recession area of the desert locust covers 30 countries, and a total 
of 60 countries can be affected by gregarious swarms (FAO, 2020e), outbreaks generally 
tend to occur in the same regions, namely areas in which the species breeds during times 
of low density (Despland and others, 2004). A key factor for suitable breeding areas is soil, 
as desert locusts prefer sandy substrate with soil moisture between 5 per cent and 25 per 
cent in the upper layer (Piou and others, 2019). Desert locust eggs develop at temperatures 
between 15°C−35°C and mature more rapidly as soil temperatures increase (WMO & FAO, 
2016). An increase in vegetation can also allow a locust population to increase, but vegeta-
tion density also affects the gregarization threshold, as dense green vegetation disperses 
individuals, lowering the crowding effect (Cisse and others, 2013), while patchier vegetation 
forces locusts into closer proximity, fostering gregarization (Despland and others, 2000).

Once population density is sufficiently high, juveniles begin to group and form gregari-
ous hopper bands. Incapable of flight, hopper bands are nevertheless very mobile as they 
often march the entire day under warm and sunny conditions. Desert locust hoppers moult 
five to six times before reaching the adult stage, and hopper bands are usually made up 
of individuals at several different stages of development. The area covered and vegeta-
tion consumed by a hopper band increases as the individuals develop, and different bands 
merge together where they meet (Symmons & Cressman, 2001). After their last moulting, 
the wings of adult desert locusts harden after roughly 10 days, allowing them to become 
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airborne and thus increasing the mobility of gregarious swarms. Desert locusts require 
temperatures of above 20°C for sustained flight, and travel downwind to preserve energy, 
making swarm movement highly dependent on weather conditions (Symmons & Cressman, 
2001). Under favourable conditions, locusts can travel up to 150 km per day. Swarm size 
and persistence are also dependent on the prevailing weather conditions, in particular rain-
fall. Locust swarms consume almost all vegetation in their path, as an adult desert locust 
can eat its own body weight in fresh food every day (FAO, 2020e); they rely on sufficient 
availability of vegetation in their path. Rainfall also fosters the maturation of adult individu-
als, which in turn triggers maturation in the rest of the swarm. The behavioural phase of the 
mother also impacts the behaviour of the hatchlings, as locusts emerging from eggs laid 
by a gregarious female are predisposed to also display gregarious behaviour, in contrast to 
hatchlings from eggs laid by a lone individual. This is caused by the chemical composition 
of the egg foam (Simpson & Sword, 2008). With sufficient moisture, warmth and vegeta-
tion, desert locusts can begin laying eggs only three weeks after maturation, creating new 
generations (Symmons & Cressman, 2001). Under sustained favourable conditions, locust 
outbreaks can spread and multiply, affecting several different regions and persisting over 
years (FAO, 2009a).

Climate change

The trigger for the 2019−2021 desert locust upsurge was a rising frequency and intensity 
of tropical storms and extreme weather, which both caused and aided the spread of the 
outbreak. Cyclone Mekunu, in May 2018, first created favourable breeding conditions in 
the Arabian Peninsula and the subsequent cyclone, Luban, in October the same year, pre-
vented the natural decline of the locust population that would normally occur in the region 
due to dry conditions, instead resulting in an 8,000-fold increase in the locust population. 
Cyclone winds further supported the migration of swarms, and unusually high rainfall in 
affected regions sustained their survival and growth. Both the increase in tropical storms 
and higher rainfall can be in part attributed to the Indian Ocean Dipole (IOD), which expe-
rienced one of its strongest positive phases between October and December 2019. This 
strengthening of the IOD has been linked to ocean warming due to climate change (Salih 
and others, 2020; Stone, 2020). 
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Insufficient management

In the past century, human intervention in locust outbreaks has increased and scaled up, as 
is clearly visible in the extent and duration of serious locust outbreaks: not only have locust 
plagues decreased in the last 120 years (Lecoq, 2001), but also while the plagues recorded 
in the first half of the 20th century lasted roughly between 7 and 14 years, the subsequent 
plagues since 1965 have all been contained in under 3 years (Le Gall and others, 2019). Sci-
entific and technological knowledge have provided extensive tools and guidelines for locust 
management; however, their implementation varies, allowing large-scale outbreaks like the 
2019−2021 upsurge to occur. Already in 2001, Lecoq wrote that “locust control seems now 
to depend more on political and institutional choices than on scientific and technological 
innovations” (Lecoq, 2001). The same sentiment is echoed in a paper published by Lock-
wood and Sardo 20 years later, who describe the barriers to effective locust management 
as “economic, political, and cultural understanding” (Lockwood & Sardo, 2021).

In their multi-factor model, Gay and others (2018) showed that cyclic locust infestations 
can also be predicted through the decrease of awareness among funders between out-
breaks (Gay and others, 2018), illustrating the impact that management implementation 
has on locust populations. Fluctuating political awareness not only affects international 
funding, it also impacts locust management in the countries at risk. The spatially and tem-
porally erratic nature of locust outbreaks and their spread means that between serious in-
festations, they are often crowded out of political agendas by topics deemed more urgent, 
especially if the nation is struggling with poverty and insecurity (van Huis, 2007; Meynard 
and others, 2020). For this reason, outbreaks can find affected nations unprepared, as 
illustrated by Kenya’s situation in the 2019/2020 outbreak. As the country had not expe-
rienced a severe locust infestation in decades, both institutions and private citizens were 
not prepared to be hit by the recent outbreak, despite being situated in the distribution and 
invasion range of the desert locust (Kimathi and others, 2020). This range covers some of 
the poorest countries in the world (FAO, 2015), posing a serious challenge to effective, con-
sistent long-term management of locust populations in order to prevent severe outbreaks. 
Such management requires consistent, long-term funding. Despite the known continual-
ly-present risk, it is hard for national governments to justify investing significant portions 
of their limited budgets to locust management, considering that locust outbreaks are rare 
events for single countries. Most countries in the affected range have provisions for locust 
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Locust Management Interventions

As both knowledge of desert locust ecology and technological capabilities have increased, more so-
phisticated and effective forms of locust management have been developed. These can be grouped 
into three types of intervention: preventative, proactive and reactive control (Showler, 2019). 

Preventative control

The most effective method of locust control is the prevention of large infestations, both in damage 
control and implementation costs. It is based on accurate prediction and close monitoring of likely 
outbreak areas, followed by swift interventions to decimate the locust population before it reaches 
its gregarization threshold. Though initial large outbreaks of desert locusts usually occur in known 
breeding regions in their recession area, these still cover wide, often remote expanses that are hard 
to monitor. Additionally, favourable conditions in non-traditional outbreak areas can also lead to 
large infestations, a risk that is increasing as climatic changes create increasingly erratic weather 
patterns (Salih and others, 2020). While it is not a suitable tool to monitor locust populations direct-
ly, rainfall, vegetation cover and soil moisture can be monitored with the help of satellite data, identi-
fying areas where breeding conditions for locusts are currently favourable. Combined with available 
data on soil texture, temperature and data from previous locust plagues, machine learning and mod-
elling have enabled fairly accurate predictions of increased locust breeding, both of desert locusts 
and other species (Kimathi and others, 2020). However, it is still necessary to conduct monitoring 
through survey teams on the ground in the identified areas in order to prevent locust outbreaks, 
which presents a challenge as the desert locust in particular usually breeds in very remote areas. 
Where a high density of hoppers or adults is detected, ground teams or drones can spray lethal 
agents in order to reduce the population and prevent gregarization.
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Proactive control

Where locusts have already formed gregarious bands or swarms, swift intervention can still contain 
the outbreak. Close monitoring is necessary to enable containment, as gregarious individuals and 
first groupings of locusts must be reported immediately so that control measures can be deployed 
before the outbreak grows and spreads to other areas. While remote sensing and drone surveillance 
play an important role in proactive control, field monitoring is also necessary in order to pinpoint 
emerging bands or swarms. Professional ground teams patrolling likely outbreak areas are necessary 
for desert locust containment as the species usually breeds in remote areas, but easily accessible 
channels for the public to report high densities of locusts or the sighting of gregarious individuals 
are also beneficial. Once a band or swarm has been found and identified as a threat, swift interven-
tion to destroy it with lethal agents can prevent it from growing, laying or moving to other areas 
(Showler and others, 2021; Cadmus and ICF 2020). 

Reactive control

When outbreaks are not recognized and dealt with in time, bands and swarms grow in size and hop-
per bands develop into adult swarms. The high mobility of flying locusts, as well as mature adults 
breeding and laying eggs where environmental conditions are suitable, means that infestations can 
at this stage spread over whole regions, multiplying and creating new, separate swarms. Control in-
terventions must be similarly large-scale, with lethal agents often being brought out with the help of 
vehicles and small planes and helicopters. In order to effectively mobilize resources for response, the 
movement of swarms can be tracked through observation and satellite data, making their position 
and direction of flight available to the relevant actors. As swarms travel with the wind and environ-
mental conditions strongly impact their activity, as well as the development and survival of new 
generations, the dynamics of the infestations can also be predicted using weather data. Though this 
further improves control measures, large-scale damage is unavoidable when locust upsurges have 
become this established, and it takes months to years for large-scale infestations to be controlled 
(Showler 2019; Zhang and others, 2019; FAO 2020b). 
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included in their national policies on agriculture − such as Kenya’s Pest Management Plan, 
which is supported through the Kenya Climate Smart Agriculture Project (KCSAP) funded 
by the World Bank (Kiyeon, 2015; Republic of Kenya, 2020) − and deploy national locust 
control units to some extent (Commission for Controlling the Desert Locust in the Central 
Region, 2018; FAO, undated a). However, the issue of locust management is complicated 
by the high mobility of locust swarms, which means that the countries where an outbreak 
originates may actually suffer less from the event than neighbouring nations. In order to 
pool resources and coordinate mitigation and response efforts, cross-border coopera-
tion for locust management has been created, with varying degrees of effectiveness (van 
Huis, 2007). Aside from the political and diplomatic challenges inherent with cross-border 
cooperation, funding remains an issue for regional networks. The most important function-
ing regional organization, the Desert Locust Control Organization for Eastern Africa (DL-
CO-EA), comprising eight African member states, was owed over $10 million in member-
ship fees in 2020, crippling the organization’s resources and capacities to respond to the 
2019−2021 outbreak (Roussi, 2020). 

On the international level, the FAO, in its many relevant sub-organizations, has become the 
most important body in desert locust management. The FAO’s Desert Locust Information 
Service (DLIS) serves as the hub for locust monitoring, combining national monitoring 
data with weather, habitat and satellite data in order to provide up-to-date information 
on the locust situation and provide predictions up to six weeks ahead, issuing warnings 
to countries at risk (FAO, undated b). The FAO further holds three regional commissions 
for desert locust control, the CLCPRO (West and Northwest Africa), the CRC (Central and 
Eastern Africa, Middle East) and the SWAC (Southwest Asia), where it takes a coordinating 
role between member states (FAO, 2009b). The FAO’s Emergency Prevention System for 
Transboundary Animal and Plant Pests and Diseases (EMPRES) has been implemented 
in CLCPRO and CRC countries to foster early detection, warning and response, as well as 
promoting contingency planning, fostering cooperation between countries and supporting 
the development of more environmentally-sustainable locust management systems (FAO, 
2021b). These commissions have recorded significant success in handling emerging out-
breaks in the past, though they too are financially restricted as the implemented measures 
are self-funded through the member states’ national budgets (FAO, undated a). In the case 
of a severe locust infestation, the FAO therefore also serves as the coordinating body for 
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emergency assistance from outside states (FAO, undated b), while the East African Com-
munity secretariat also set aside emergency funds to address the 2019−2021 upsurge (An-
ami, 2020), as did the African Development Bank (African Development Bank, 2020). How-
ever, this level of funding only becomes available once an outbreak has become a crisis. 

Funding gaps and political agenda-setting also impact the response strategies implement-
ed in the event of an outbreak. Nations and organizations that lack financial capacities 
are unable to employ and train sufficient staff, buy and maintain machinery such as pes-
ticide-spraying planes and stock-pile combating agents ahead of outbreak events. This 
slows response time when infestations emerge, as mitigation efforts are dependent on out-
side funding that only becomes available in significant amounts once an outbreak is severe 
enough to attract international attention. Similarly, physical resources such as expert staff, 
machines and pesticides must be transported to the affected area, which again creates a 
time gap in response efforts. In particular concerning combating agents, the acquisition 
urgency that a lack of stockpiles creates limits the choice of agents based on cost and 
availability. Procurement, transportation and safe storage and disposal of pesticides is one 
of the most complicated and expensive parts of locust management, making up roughly 
half the budget for control interventions, though for example the CLCPRO countries have 
created a stockpile-sharing system in order to utilize the resources in the region more 
effectively (CropLife Africa Middle East, 2020; FAO, undated a). These factors particularly 
hamper the adoption of environmentally-friendly biocides as these are less readily avail-
able than more established chemical pesticides, because species-specific biocides are 
only in demand when the pest in question is active, and the interspersed nature of locust 
outbreaks discourages large-scale production (Grzywacz and others, 2014; McConnell, 
2021). Additionally, biocides are most effective when used on hopper bands early in the 
infestation (Grzywacz and others, 2014; FAO, 2007). The lag in response time caused by 
under-preparation thus makes biocides less attractive. This is also true from a political 
perspective: as the active locust swarms have often already done considerable damage at 
this point, public anxiety concerning this issue is high and politicians are keen to show that 
they are taking decisive, effective action to combat the threat. For this reason, fast-working 
pesticides that kill locusts almost immediately after spraying are preferred to fungus-based 
biocides that take at least a week to take effect, especially as sprayed locusts remain active 
and mobile at the beginning of this period (Roussi, 2020; Grzywacz and others, 2014). 
Nevertheless, De Groote and others (2001) found that both local farmers and management 
donors show significant interest in biological locust control, and biocides have been imple-
mented more broadly in recent years (Kairu, 2020; de Groote and others, 2001).
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For the desert locust in particular, access to breeding grounds is a further decisive factor 
impeding proactive management. Not only are many areas extremely remote and hard to 
access due to poor infrastructure and limited capacities, but also security issues due to civ-
il unrest and violent conflict render further regions inaccessible to monitoring and response 
teams (Showler & Lecoq, 2021; Gay and others, 2020; Kimathi and others, 2020), as well 
as disrupting monitoring systems in general (Meynard and others, 2020). According to Gay 
and others (2020), the effectiveness of even a well-funded management programme can 
be cancelled out if only five per cent of its territory is inaccessible. Their model further pre-
dicts that the proportion of locust plague years in a given timeframe is higher the larger the 
inaccessible area is, and multiple no-access areas increase the plague risk even more, as 
more fronts need to be controlled (Gay and others, 2020). Aside from its ecological charac-
teristics, the spatial, political and economic conditions of its range, which hinder effective 
proactive management, contribute considerably to the desert locust’s prominence as the 
most dangerous locust pest species.
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5. Solutions
Environmentally-sustainable 
combating agents

As outlined in the section on management interventions, scientific research has provid-
ed strong guidelines for effective locust management. Environmentally-friendly biocides 
to combat locusts are available and have already been used in outbreak control. Making 
their use more mainstream and biocides in general more accessible for affected countries 
could improve the sustainability of locust management and help prevent indirect impacts 
on both ecosystems and humans. Most prominently, fungi that specifically attack Acri-
didea, the grasshopper family that locusts belong to, were already identified as the most 
effective environmentally-friendly biocide for locust control in the 1990s, as they do not 
impact non-target species outside of this group (Lomer and others, 1997). Species of the 
parasitic fungus Metarhizium, in particular Metarhizium anisopliae var. acridum, have since 
been used in agents such as Green Muscle and Novacrid, which are in use for locust control 
(Nasike, 2021; Chen, 2020; Stokstad, 2020). Fungal biocides are usually oil-formulated and 
can be sprayed using standard Ultra Low Volume (ULV) equipment (de Groote and others, 
2001). Similarly to chemical pesticides, locusts can be infected with the fungus both via 
direct contact through spraying or secondary contact by picking up fungus spores from 
sprayed vegetation, where the spores can persist for 4−8 days, depending on weather con-
ditions. Other mass-produced biological agents include the parasitic microsporidian Nose-
ma locustae, which attacks insects in the order Orthoptera (Zhang & Lecoq, 2021). Biocides 
are efficient but do not take effect as quickly as chemical pesticides, as the parasite must 
grow inside a locust in order to weaken and kill it, a process that takes roughly eight days 
for fungal biocides. For this reason, parasitic biocides are preferably used to treat hopper 
bands, as they are less mobile than adult locusts (Stokstad, 2020; FAO, 2007). 
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Improving chronic locust management

Improving preventative, early-intervention locust management would also help curb the 
pesticide load associated with outbreaks. The earlier an outbreak is detected and interven-
tion can take place, the smaller the area that requires treatment. Considering the advances 
in remote monitoring, preventative locust management can now be based on compar-
atively robust predictions. Deriving, collecting and sharing such information via open-
ly-accessible platforms like the FAO Locust Watch is therefore an important cornerstone 
of international locust management, and should be continued and extended upon in the 
future. However, as described in the section on root causes, a key barrier to the successful 
implementation of preventative control is a lack of resources in many countries in the range 
of the desert locust. Without consistent funding and commitment, it is not possible to 
maintain monitoring, in particular ground monitoring, and respond to predictions and out-
breaks in a timely enough fashion to prevent serious damages. Raising political awareness 
and commitment to locust risk management, in particular maintaining it during recession 
periods, is therefore vital to improving long-term locust management. In order to improve 
coordination and resource-sharing, the Intergovernmental Authority on Development 
(IGAD) announced plans to create a further inter-regional coordination platform for desert 
locust management in March 2021 (CGTN, 2021).

Taking into account global economic inequality and the considerable donations of coun-
tries not affected by the outbreak made to the emergency response, involving such donor 
countries in long-term chronic funding schemes may offer a solution for sustainable lo-
cust management. One argument for such a scheme is that regularly contributing small 
amounts to international locust management would have a less disruptive effect on donor 
economies than large-scale emergency relief once an outbreak has become established. 
Considering the scale of damages and intervention costs as well as the increased likelihood 
of desert locust outbreaks due to climatic changes, maintaining chronic preventative locust 
management is likely to pose fewer costs overall compared to potential outbreak damages, 
on top of the significant human suffering that could be avoided.
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