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1. Introduction 
Wheat plays a crucial role in ensuring global food and nutrition security (Dixon, 2007; Dixon et 
al., 2009; Shiferaw et al., 2013). Due to projected demographic changes, the demand for the major 
cereals including wheat will increase in the world (Godfray et al., 2010; Ray et al., 2013; Tilman 
et al., 2011). Compared to other cereals such as rice and maize, the income elasticity of wheat is 
generally high (Mottaleb et al., 2018). This means that in addition to demographic change, the 
demand for wheat will increase further due to an increase in per capita income, particularly in the 
global south (Mason et al., 2015). 

While it is imperative to produce more to meet the growing global demand for wheat, the 
emergence and re-emergence of transboundary pests and diseases in different regions of the world 
has generated a severe threat to sustainable wheat production (Beddow et al., 2015a; Brown and 
Hovmøller, 2002). One study has warned that the potential loss in crop production due to biotic 
stresses such as pests, diseases, and viruses could be as high as 50% for wheat, 31% for maize, 
and 37% for rice (Oerke, 2006). The recent emergence of wheat blast in Bangladesh (Islam et al., 
2016) and Zambia (Tembo et al., 2020), the re-emergence and spread of wheat stem rust in Africa, 
the Middle East, and Europe (Singh et al., 2006), and the global upsurge in yellow rust (Ali et al., 
2017; Beddow et al., 2015b), have severely impacted wheat production and food security. Among 
all the abiotic and biotic stresses of wheat, fungal rusts such as leaf, stem, and yellow rusts are an 
important cause of loss in wheat production  (Brennan, 2011; Dubin and Brennan, 2009; FAO, 
2008; Figueroa et al., 2018; Joshi et al., 1985; Saari and Prescott, 1985; Singh et al., 2008; Soko 
et al., 2018). Global losses from wheat rusts are estimated to equate to 15 million tons per year 
(US$ 2.9 billion) (Huerta-Espino et al., 2020). Thus, minimizing rust-induced wheat production 
loss would be instrumental to global food security.  

One of the important ways to mitigate and minimize rust-induced wheat production loss is to 
provide warning to farmers about potential outbreaks of rust well in advance of an actual outbreak 
(e.g., Roberts et al., 2006). Early warning systems can help farmers better prepare to fight rust by 
taking protective measures, such as the purchase and application of fungicides or switching to 
growing resistant varieties. Recent studies have demonstrated the increasing adoption of rust-
resistant wheat varieties in Ethiopia (Hodson et al., 2020). A rust early warning system can thus 
lead to pre-emptive early actions that can substantially mitigate and reduce wheat production loss 
due to rust. 

With a total wheat area of 1.7 million ha (triennium average ending 2019), Ethiopia is the third 
largest wheat-cultivating country in Africa and the largest producer in sub-Saharan Africa 
(FAOSTAT, 2021a). More than 4 million smallholder farmers rely on wheat cultivation for their 
livelihoods in Ethiopia (Taffesse et al., 2012). Historically, the wheat yield of Ethiopia oscillated 
at around 1.1–1.8 t/ha for decades. Since 2011, however, Ethiopia’s wheat yield has exceeded 2.0 
tons/ha and currently stands at 2.8 t/ha (FAOSTAT, 2021a).  

Despite recent large increases in wheat yield, Ethiopia’s domestic wheat production is not 
currently sufficient to meet the surging wheat demand. In Ethiopia, wheat is the third most-
consumed staple food with a daily per capita calorie intake of 333 Kcal, or 14% of the daily total 
average dietary calorie intake (FAO, 2021). In the triennium average ending (TE) 2018, the yearly 
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per capita wheat consumption in Ethiopia was 37 kg, the total wheat production was 4.5 million 
tonnes (FAO, 2021), and the country imported 1.5 million tonnes of wheat worth US$  486.5 
million (FAOSTAT, 2021b). It is projected that by 2050, the population of Ethiopia will be 187–
224 million (United Nations, 2019) compared to 109 million in 2018 (World Bank, 2020). The 
yearly per capita wheat consumption in Ethiopia has been increasing since 2000. For example, in 
2000 yearly per capita wheat consumption was 30.3 kg, which had increased to 36.5 kg by 2018 
(FAOSTAT, 2021c). Even if the current per capita wheat consumption per year remained constant 
until 2050, Ethiopia would have to supply 7–8 million tons of wheat in 2050 compared to 4 million 
tons in TE2018, only considering the projected population of the country. The government of 
Ethiopia has set a target to be self-sufficient in wheat production by 2023 (CIMMYT, 2019). Thus, 
for Ethiopia, a wheat yield-enhancing investment could be instrumental in achieving self-
sufficiency in wheat production and ensuring the food security of the burgeoning population. 

Wheat rusts are the main biotic stress impacting wheat yield in Ethiopia (Gebreslasie et al., 2020; 
Jaleta et al., 2019; Meyer et al., 2021; Olivera et al., 2015). The Ethiopian highlands have long 
been known as hotspots for stem and yellow wheat rusts caused by the fungus Puccinia spp. The 
fungus can spread easily under favorable climatic conditions; thus, the rust threat is increasing 
with the change in the global climate. In 2010, a yellow rust outbreak affected more than 38% 
(600,000 ha) of Ethiopia’s total 1.6 million ha of wheat-growing area (Gebreslasie et al., 2020) 
and reduced wheat production by at least 15% (Olivera et al., 2015).  

As wheat rust is the most important biotic yield-reducing factor in Ethiopia, in 2015 the University 
of Cambridge, the U.K. Met Office, the Ethiopian Institute of Agriculture Research (EIAR), the 
Ethiopian Agricultural Transformation Agency (ATA), and the International Maize and Wheat 
Improvement Center (CIMMYT) developed and deployed an early warning and advisory system 
(EWAS) in Ethiopia (Allen-Sader et al., 2019; CIMMYT, 2019). The system provides an 
automated 7-day advance forecast about a possible outbreak of rust. The EWAS was piloted in 
2015-2016 and has been operational for over four years in Ethiopia. It has been providing rust 
early warnings and advisories to hundreds of thousands of wheat farmers through the Ministry of 
Agriculture, the Agricultural Transformation Agency (ATA), Regional Bureaus of Agriculture, 
and extension services. 

This study examines farmers’ behavioral changes in terms of the action taken after receiving an 
early warning message, examines farmers’ perceptions of and opinions about the early warning 
service, and finally, quantifies the estimated economic benefits of the rust early warning system in 
Ethiopia. In the process, the study relied on primary data collected from more than 1,000 wheat 
farmers from 17 districts of the Oromia and Amhara regions of Ethiopia. To triangulate the 
findings, the study also relied on information collected from more than 50 agricultural extension 
workers and from high-level officials from the Ministry of Agriculture and Regional Bureaus of 
Agriculture through focused group discussions (FGDs). The study is organized as follows: the next 
section presents the survey, sampling, and methodology; Section 3 presents the descriptive 
findings, Section 4 the econometric findings, Section 5 the extension agent assessment, and 
Section 6 the focus group assessment; Section 7 presents the conclusion and policy implications. 

 
 
 


