
For over 30 years, the interagency FEWS NET team has been on the cutting edge  

of drought early warning science, informing food security outlooks that save  

lives and livelihoods in high-risk countries.
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I n 2018, hunger and the specter of famine continue  
 to loom large on the global stage, contributing  
 to severe malnutrition; stunted, wasted, and low-

birthweight children; poor health; and lost produc-
tivity (FAO et al. 2017). Roughly 1 in 10 people are 
undernourished (821 million) and chronic hunger 
has increased substantially since 2015 due to the 
combined effects of poverty, conflict, and a more 
extreme climate (FAO et al. 2017). According to 
estimates from the Famine Early Warning Systems 
Network (FEWS NET; www.fews.net), more than 
83 million people faced crisis conditions requiring 
food assistance in 2018—75% more than in 2015 
(FEWS NET 2018). Fortunately, international aid 
agencies, national disaster risk management sys-
tems, and nongovernmental organizations (Table 1) 
can often provide effective humanitarian relief by 
identifying and targeting the most food-insecure 
populations for assistance. In 2017, the U.S. Agency 

for International Development’s Office of Food For 
Peace (USAID FFP) reached 70 million beneficiaries 
with $3.6 billion in food aid, cash transfers, or food 
vouchers (FFP 2018). Accurate and timely early 
warning can increase the productivity and efficiency 
of this assistance, helping to ensure that finite aid 
resources are directed to the right people before 
there is widespread malnutrition and starvation. 
Numerous national and international early warning 
systems (Table 2) support the early identification 
of emerging droughts and food crises. Originally 
formed in response to the Sahel droughts of 1984 
and 1985 (Brown 2008), more than 30 years of con-
tinuous refinement has allowed FEWS NET to de-
velop into one of the most sophisticated monitoring 

 Publisher's Note: This article was modified on 25 June 2019 to 
acknowledge a funding grant.
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systems.1 Within FEWS NET, an interagency and 
interdisciplinary team has developed a cutting-
edge Drought Early Warning System (DEWS) that 
anticipates and tracks climate-related hazards and 
shocks (Table 3). This paper provides, for the first 
time, an up-to-date description of the strategies and 
components of the current FEWS NET DEWS, along 
with several real-world examples demonstrating 
how this system is helping to save lives and secure 
livelihoods.

Global food security rests on four pillars: adequate 
food availability, food access, and food utilization, 
accompanied by stable prices and incomes (M. E. 
Brown et al. 2015). Famines occur when impov-
erished individuals cannot afford to purchase or 
otherwise access adequate quantities of nutritious 
food (Sen 1981). These crises, however, are often 
precipitated by conf lict and/or climate extremes, 

and both conflict and climate have driven the re-
cent, rapid rise in food insecurity (FAO et al. 2017). 
Droughts can disrupt all four food security pillars. 
Lost farm revenues and rising prices can limit access 
and reduce local availability. Low levels of runoff 
can lead to poor drinking-water quality, disease, and 
reduced nutrition. And regional drought impacts can 
destabilize regional food systems, altering imports 
and exports, which, in turn, increases prices. Thus, 
FEWS NET includes food security-focused DEWS 
linked to a highly developed analytical framework 
that seeks the rapid identification of emerging crisis-
level outbreaks of acute food insecurity (Fig. 1a).2

Through the regular development of subnational-
scale scenarios, FEWS NET identifies the location, 
extent, severity, and causes of food insecurity. Such 
scenario development requires the adoption of 
working assumptions in a number of areas, including 
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Table 1. A nonexhaustive list of donors and implementers of humanitarian assistance.

Agency/organization Website

World Food Programme www.wfp.org

USAID Food For Peace www.usaid.gov/who-we-are/organization/bureaus/bureau 
-democracy-conflict-and-humanitarian-assistance/office-food

European Commission https://ec.europa.eu/echo/themes/food-assistance_en

Japan International Cooperation System www.jics.or.jp/jics_html-e/activities/grant/kr/index.html

United Nations International Children’s Emergency Fund www.unicef.org/what-we-do

Oxford Committee for Famine Relief www.oxfam.org

Action Against Hunger www.actionagainsthunger.org/

CARE www.care.org/

1 We would like to acknowledge the excellent work being done by all the systems and agencies listed in Tables 1 and 2. Our 
objective in this study is not to compare FEWS NET with other systems, but rather provide an accessible description of FEWS 
NET’s climate and weather-related activities and early warning strategy.

2 FEWS NET currently monitors 22 countries in Africa along with Afghanistan, Yemen, Haiti, and Central America.
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Table 2. A nonexhaustive list of agencies providing food security and drought early warning services.

Agency/organization Website

Food Security Early Warning and Crop Monitoring

FEWS NET www.fews.net

WFP Food Security Analysis http://vam.wfp.org/

United Nations Office for the Coordination of Humanitarian Affairs www.unocha.org/

Integrated Food Security Phase Classification (IPC) Global Platform www.ipcinfo.org/

UN FAO–Global Information and Early Warning System www.fao.org/giews/en/

European Commission Monitoring Agricultural ResourceS (MARS) https://ec.europa.eu/jrc/en/mars

Group on Earth Observations – Crop Monitor for Early Warning www.geoglam.org/index.php/en/countries-at-risk-en

Asian Rice Crop Estimation and Monitoring (Asia-RiCE) http://asia-rice.org/index.php

South Africa Agricultural Research Council www.arc.agric.za/Pages/Home.aspx

USDA Foreign Agricultural Service https://ipad.fas.usda.gov/cropexplorer/

European Drought Observatory http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000

Drought Monitoring Systems

Global Drought Information System www.drought.gov/gdm/

Global Integrated Drought Monitoring and Prediction System (GIDMaPS) http://drought.eng.uci.edu/

African Flood and Drought Monitor https://platform.princetonclimate.com/PCA_Platform/

NASA SERVIR ClimateSERV https://climateserv.servirglobal.net/

Climate Engine http://climateengine.org/

World Food Programme Seasonal Monitor http://vam.wfp.org/sites/seasonal_monitor/

IGAD Climate Prediction and Application Center www.igad.org/

SADC Climate Services Center www.sadc.int/sadc-secretariat/services-centres/climate 
-services-centre/

Centre Régional AGRHYMET www.agrhymet.ne/

Table 3. FEWS NET overview references and resources and main monitoring and modeling portals.

Overview References and Resources

Climate science and famine early warning Verdin et al. (2005)

Famine Early Warning Systems and Remote Sensing Data Brown (2008)

Real-Time Decision Support Systems: The Famine Early  
Warning System Network

Funk and Verdin (2009)

Agroclimatology overview http://fews.net/agroclimatology

Scenario development

http://fews.net/our-work/our-work/scenario-development

https://fews.net/sites/default/files/documents/reports 
/Guidance_Document_Scenario_Development_2018.pdf

https://fews.net/sites/default/files/documents/reports 
/Guidance_Document_Rainfall_2018.pdf

https://earlywarning.usgs.gov/fews/climate-workshop

How climate forecasts strengthen food security Magadzire et al. (2017)

Monitoring/Modeling References and Resources

USGS FEWS NET data portal https://earlywarning.usgs.gov/fews

Climate assessment resources www.esrl.noaa.gov/psd/repository/alias/facts/

NOAA’s African Desk: Twenty Years of Developing  
Capacity in Weather and Climate Forecasting in Africa

Thiaw and Kumar (2015)

www.cpc.ncep.noaa.gov/products/international/africa/africa.shtml

A land data assimilation system for sub-Saharan Africa  
food and water security applications

McNally et al. (2017)

https://ldas.gsfc.nasa.gov/fldas/

Crop Monitor for Early Warning www.geoglam.org/index.php/en/countries-at-risk-en
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agroclimatology—a combined overview of climatic, 
hydrologic, and vegetative conditions. Since the 
livelihoods of food-insecure populations are often 
climate sensitive (Davenport et al. 2017, 2018), climate 
services and applied climate science form an impor-
tant component of FEWS NET. In short, they comple-
ment the close monitoring and analysis of markets and 
prices, nutrition and disease, livelihoods, government 
policies, and conflict (Magadzire et al. 2017).

Like the U.S. Drought Monitor (Svoboda et al. 2002), 
FEWS NET also relies on objective drought indica-
tors and expert judgment as input for food insecurity 
scenarios. The process of generating food insecurity 
outlooks includes regular and frequent consultations 
with the regional analysts to examine potential drought 
conditions. Where FEWS NET differs from most DEWS 
is in its specific focus on food insecurity. This focus, 
along with a 33-yr-long opportunity to refine its moni-
toring approach, has allowed FEWS NET to develop an 
effective system for food security-related drought early 
warning that “supports humanitarian-response pro-
gramming while helping to reveal the root causes of food 
insecurity around the world” (Magadzire et al. 2017).

The timely and spatially focused alerts and out-
looks provided by FEWS NET help FFP and partner 

agencies (Fig. 1a) guide effective humanitarian 
assistance, helping to save lives and secure liveli-
hoods among some of the world’s most food-insecure 
populations. A key source of the FEWS NET DEWS’ 
strength is its ability to draw from a broad network 
of scientists in many agencies and areas of expertise 
(Table 3). FEWS NET relies heavily on regional sci-
entists in sub-Saharan Africa, Central America, U.S. 
government institutions [National Aeronautics and 
Space Administration (NASA), National Oceanic 
and Atmospheric Administration (NOAA), U.S. 
Geological Survey (USGS), and the U.S. Department 
of Agriculture (USDA)], and the Climate Hazards 
Center (CHC) at the University of California, Santa 
Barbara. Other contributors include the University of 
Maryland–led HARVEST program and the NASA/
USAID SERVIR program. Additionally, FEWS NET 
works closely with African and European partner 
agencies (Tables 1 and 2). Below, we briefly describe 
FEWS NET’s interagency strategy for supporting 
FEWS NET’s Food Security Outlook (FSO) process. 
The efficacy of the FSO process relies on extensive 
analyses carried out before a growing season begins, 
in addition to detailed monitoring as the season 
commences.

Fig. 1. (a) Famine Early Warning Systems diagram. (b) Monthly standardized ENSO and WPWM principal 
components, based on a 1900–2017 baseline.
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FEWS NET FOOD SECURITY OUTLOOK. 
FSOs enable humanitarian agencies to anticipate 
and target aid. Every month, FEWS NET updates 
its 8-month FSOs through a rigorous, structured 
scenario-development process (Magadzire et al. 
2017). FSOs are derived using a three-part process in 
which 1) analysts draft preliminary agroclimatology 
assumptions; 2) the draft analyses are reviewed and 
modified by climate scientists in light of available 
scientific evidence; and 3) the reviewed assumptions 
are presented back to food security analysts, who use 
them to help develop quantitative, evidence-based food 
security outlooks and briefs, quarterly food security 
scenarios for each country, and alerts (Fig. 1a). Initially, 
analysts draft assumptions about how agroclimatol-
ogy will likely impact future food security. These 
assumptions are region-specific, focusing on the most 
vulnerable and high-risk areas and covering all FEWS 
NET countries. FEWS NET utilizes multiple lines of 
evidence for building agroclimatological assump-
tions. This approach combines prediction (e.g., “ocean 
temperatures appear conducive to drought in this 

food-insecure region”) with monitoring (e.g., “condi-
tions to date have reduced soil moisture and vegetation 
health”), and detailed field assessments (e.g., “crop 
models and field assessments indicate a failed harvest; 
millions of people are likely to face a food crisis”).

The process works as follows: when an agrocli-
matology assumption is required for a time period 
during which no other information is available—for 
example, 6–8 months ahead—assumptions are made 
based on historical climatology (e.g., typical variabil-
ity and trends in rainfall or temperature). For shorter 
lead times, climate modes such as the El Niño–
Southern Oscillation (ENSO) and long-range climate 
forecasts are used to derive assumptions. Finally, with 
the onset of the rainfall season, seasonal monitoring 
data are progressively incorporated into the analysis.

Translating early warning into action. While a full discus-
sion of humanitarian responses is beyond the scope of 
this study, we briefly contrast responses and resilience 
between the 2011 and 2017 East African food security 
crises, drawing on a resilience analysis recently carried 

CONTEXT: INCREASING CLIMATE VOLATILITY CONTRIBUTES TO  
INCREASING FOOD INSECURITY

Exceptionally warm SSTs can pro-
duce terrestrial droughts, and 

understanding and tracking these 
anomalies can support effective 
prediction. Recent FEWS NET research 
(Funk et al. 2018d), for example, has 
highlighted the important role that 
extremely warm Pacific SST played in 
driving a sequence of droughts that 
began in Ethiopia in 2015, extended to 
southern Africa in 2015/16 and ended 
with back-to-back-droughts in equato-
rial East Africa in October–December 
and March–May of 2016/17. When 
considered collectively, this sequence 
of droughts helped push more than 
29 million people into extreme food 
insecurity. The interaction of climate 
change and the El Niño–Southern 
Oscillation (ENSO) may connect the 
dots between these crises (Funk et al. 
2018d) while also providing opportuni-
ties for prediction, as extreme positive 
SST anomalies persist for many months.

A ~+0.7°C anthropogenic enhance-
ment of Niño-3.4 SSTs is thought 
to have substantially enhanced the 
intensity of drought over Ethiopia 

in 2015, and then southern Africa in 
2015/16 (Funk et al. 2016, 2018b), with 
these droughts pushing some 11 and 16 
million Ethiopian and southern Africans, 
respectively, into extreme food crises. 
Figure 1b shows one metric of ENSO 
intensity, the first principal component 
(PC) of tropical Pacific SST (Funk and 
Hoell 2015, 2017). Examining this time 
series (blue line) we see that extreme 
(greater than +2 standardized anoma-
lies) El Niño events have appeared 
frequently over the past 20 years 
(in 1997/98, 2008/09, and 2015/16). 
Observations and SST-driven atmo-
spheric simulations, as well as climate 
change simulations, suggest that these 
more frequent, more extreme El Niños 
have greater drought-producing po-
tential than, perhaps, initially expected 
(Funk et al. 2016, 2018b,d; Hoell et al. 
2015; Pomposi et al. 2018). These 
events, however, are well predicted by 
our current generation of climate mod-
els (Tippett et al. 2017), creating oppor-
tunities for effective early warning.

Following these El Niño events, 
we often see a warming of the global 

oceans and the west Pacific, in par-
ticular, with the latter accompanying 
La Niña–like climate responses. 
The intensity of such warming can 
be quantified via the West Pacific 
Warming Mode (WPWM)—the first 
PC of global SSTs after the influence 
of ENSO is removed (Funk and Hoell 
2015, 2017). After 1997/98, 2009/10, 
and 2015/16 El Niño events, we see 
lagged increases in the WPWM and 
below-normal rainfall in East Africa, 
associated with persistent warm west 
Pacific SST. Observations and SST-
driven atmospheric simulations, as well 
as climate change simulations, suggest 
that these warm SSTs have improved 
drought-producing potential for East 
Africa (Funk et al. 2018d, 2019). Thus, 
climate change and ENSO-related 
climate extremes (Fig. 1b) may create 
multiyear sequences of enhanced 
climate volatility: first producing 
El Niño–related droughts in northern 
Ethiopia and southern Africa, then 
producing droughts over eastern equa-
torial Africa. Managing these climate 
risks will require effective FSOs.
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Fig. 2. (a) 1900–2017 Mar–May standardized precipitation index (SPI) time series for eastern East Africa. 
(b) 2011–18 FEWS NET/East African Food and Nutrition Working Group food-insecure population 
estimates. (c) Stages of a canonical drought monitoring progression.
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out for USAID (Funk et al. 2018d). East Africa has 
experienced substantial declines in March–May rains 
(Fig. 2a) and substantial increases in food insecurity 
(Fig. 2b). The 2011 March–May drought over the east-
ern Horn of Africa was one of the worst droughts on 
record (Fig. 2a). It severely impacted Somalia, Ethiopia, 
and Kenya (Fig. 3a). Using an analysis of the ENSO 
climate mode, available long-range climate forecasts, 
and an interpretation drawing on local knowledge and 
prevailing food security conditions, FEWS NET was 
able to issue a food security early warning report by 
August 2010 (Funk 2011). Unfortunately, conflict ob-
structed an effective response, resulting in over 250,000 
human deaths in Somalia (Checchi and Robinson 
2013; Hillbruner and Moloney 2012). Over 12 million 
people in East Africa required urgent humanitarian 
assistance. The severe, prolonged drought had adverse 
socioeconomic, environmental, and political impacts 
in the worst-affected regions of the eastern Horn and, 
more specifically, in Somalia, Kenya, and Ethiopia. 
Overall, $1.7 billion (U.S. dollars) was provided to 
alleviate this human catastrophe, representing 71% of 
the United Nations’ appeal for $2.4 billion (U.S. dol-
lars) in early 2011.

More recently, FEWS NET predicted the un-
precedented severe 2016/17 drought, which resulted 
in about 27 million people (June 2017) requiring 
urgent food assistance (Fig. 3b). It also led to a 
United Nations’ appeal for $4.4 billion (U.S. dollars) 
in funding—twice the 2010/11 appeal. The 2016/17 
drought was relatively more widespread than the 
2010/11 drought, extending from the eastern Horn 

into the western sector of the region. The drought 
adversely affected main staple food-production zones 
of Kenya, Uganda, and Tanzania.

Between 2010 and 2016, FEWS NET scientists de-
veloped many new monitoring tools and performed 
diagnostic analyses to enhance our understanding 
of the mechanisms driving East African droughts 
and food insecurity; these developments are briefly 
discussed below and detailed in the more than 100 
published papers listed in the supplemental bibliog-
raphy (https://doi.org/10.1175/BAMS-D-17-0233.2). 
The FEWS NET FSO process and links with interna-
tional partners (Table 1) were both developed more 
fully. These advancements aided in the predictions of 
the 2016 October–December and 2017 March–June 
East African droughts in October and December of 
2016, followed by detailed and ongoing monitoring 
of the associated impacts on crop and pasture con-
ditions. This information helped motivate large and 
sophisticated humanitarian responses mitigating the 
ensuing severe food shortages. For example, the 2017 
FFP response for Somalia3 totaled $240 million (U.S. 
dollars) and involved the disbursement of 58 million 
metric tons of humanitarian aid. This assistance came 
in the form of therapeutic ready-to-use foods for the 
treatment of severe malnutrition and in-kind food aid 
transfers, as well as cash and market-based interven-
tions such as cash transfers for food, cash-for-work 
activities, and food vouchers. Expectations of poor 

Fig. 3. Integrated Food Insecurity Phase Classification (IPC) maps showing the levels of food insecurity for (a) 
Jul–Sep 2011 and (b) Jun–Sep 2017.

3 https://reliefweb.int/report/somalia/somalia-food-assis-
tance-fact-sheet-september-21-2017
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crop and pasture outcomes for the 2017 March–May 
rainy season helped motivate preemptive food aid 
arrivals in early 2017. When the March–May rains 
failed, on-the-ground assistance helped prevent the 
runaway food price increases, food access crisis, and 
increased mortality experienced in 2011. Five years 
of extensive research (see supplemental bibliography) 
and investments in improved monitoring, modeling, 
and interagency collaboration (Table 3) provided 
substantially improved advance warning that helped 
prevent a repetition of the 2011 Somali famine.

In Kenya, the FFP response totaled $79 million 
(U.S. dollars) and involved 56 million metric tons 
of assistance.4 FFP partnered with the World Food 
Programme to provide money or food in exchange 
for work community assets such as local irrigation 
systems and roads. FFP also provided the United 
Nations Children’s Fund ready-to-use therapeutic 
foods to treat severe malnutrition in drought-
impacted arid districts. FFP further provided sup-
plementary nutritious foods for all children under 
the age of 5 and pregnant and lactating women in 
the Kenyan counties with the highest levels of acute 
malnutrition.

At the request of USAID, the CHC examined 
Kenya’s resilience to the 2010/11 and 2016/17 droughts 
(Funk et al. 2018c). The results of this study suggest 
that “despite repeated severe droughts in 2016/17, the 
severity of Kenyan food insecurity was substantially 
less than during the 2010/11 drought and substantial-
ly less than might be expected given historical rela-
tionships between drought severity and humanitarian 
need. In line with this, U.S. government expenditures 
were also substantially less (about half) than what 
might be expected based on historical relationships” 
(Funk et al. 2018c). The evaluation of Kenya’s resil-
ience identified the following key findings supporting 
these conclusions (Funk et al. 2018c):

1) Both the extent and depth of food insecurity 
was much smaller in 2017 than in 2011. In 2011 
the number of severely hungry Kenyans was 
~2.8 million, and in 2017 it was ~1.75 million.

2) Based on the historical relationship between 
drought severity and humanitarian assistance, 
an estimated 500,000 fewer people were in need 
of humanitarian assistance in 2017 than would 
be expected.

3) Despite three severe consecutive droughts, de-
flated U.S. government food aid expenditures for 
Kenya in 2017 were about half (51% and 40%) of 
the expenditures during the last two severe crises 
in 2011 and 2009.

4) Despite a more severe agricultural shock, maize 
prices normalized more quickly in 2017 than 2011; 
however, this may reflect market interventions by 
the Kenyan government.

The improved early warning systems and mul-
tiagency responses employed during the 2016/17 
East African drought sequence contributed to 
greater Kenyan resilience and lower mortality rates 
in Somalia in comparison with the 2010/11 drought. 
It should be noted that many DEWS (Table 2), not 
just FEWS NET, provided the effective and con-
vergent early warning of climate hazards; working 
together, these agencies helped create an effective 
alarm. An especially important role was played 
by East African meteorological and drought risk 
management agencies, and regional institutions 
like the Intergovernmental Authority on Develop-
ment (IGAD) Climate Prediction and Applications 
Centre (ICPAC; www.icpac.net), the Regional Centre 
for Mapping and Resource Development (RCMRD; 
www.rcmrd.org), and the IGAD Food Security 
and Nutrition Working Group (FSNWG). It should 
also be noted that drought early warning is just one 
small component of effective famine mitigation. 
Nevertheless, substantial progress has been made 
within the FEWS NET DEWS between 2010 and 
2018, as measured by the number of publications 
produced, approximately 100 since 2011 (supple-
mental bibliography), the substantial improvements 
in the FEWS NET DEWS data portals5 (Table 3), 
an enhanced monthly FSO process (Magadzire 
et al. 2017), numerous capacity-building efforts and 
partnerships in Africa and Central America, and 
effective links to the NASA/USAID SERVIR and 
HARVEST programs. In terms of datasets, the FEWS 
NET DEWS is now supported by the FEWS NET 
Land Data Assimilation System (FLDAS; McNally 
et al. 2017) version 2 of African Rainfall Climatol-
ogy (ARC2; Novella and Thiaw 2013) and Seasonal 
Rainfall Performance Probability (SPP) analyses 
(Novella and Thiaw 2016), actual evapotranspiration 
estimates (Senay et al. 2011, 2013), the CHC Infrared 
Precipitation with Stations data (CHIRPS; Funk et al. 
2015b), and Centennial Trends (Funk et al. 2015a) 
precipitation archives. Each insight, monitoring tool, 
and dataset provides value, and FEWS NET applies 

4 https://reliefweb.int/report/kenya/kenya-food-assistance 
-fact-sheet-september-1-2017

5 https://earlywarning.usgs.gov/fews, www.cpc.noaa.gov 
/products/international/africa/africa.shtml, https://lis.gsfc 
.nasa.gov/projects/fewsnet, http://chg.ucsb.edu
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them in a structured way before and during severe 
droughts.

Next, we provide a detailed example of the mul-
tistage early warning process in the context of a 
real-world scenario using an example from the 2015 
drought in Ethiopia.

Fso: an exaMPle oF MulTisTaGe early WarninG in 
eThioPia in 2015. Figure 2c provides a schematic 
diagram of an effective early warning progression. 
We examine how this progression can work in a 
real-world scenario like the El Niño–related 2015 
drought event in Ethiopia. In the left column, we 
list potential information sources applicable to each 
stage of the progression. In the center column, we 
list specifics pertinent to Ethiopia. On the right, we 
denote increasing levels of concern. As we progress 
through the season, our certainty and spatial speci-
ficity increase.

Before the season begins, we know that Ethiopia 
is very food insecure, has a rapidly growing popula-
tion, and has experienced an increased frequency 
of drought in the eastern parts of the country. In 
May 2015, we see Niño-3.4 sea surface temperature 
(SST) anomalies rise above +1°C. We know that 
prior research has identified robust negative tele-
connections associated with El Niños and that the 
February–May Belg season has been poor in many 
places. Then, looking forward by one month, we use 
the FLDAS (McNally et al. 2017), in conjunction with 
satellite precipitation fields, to produce and examine 
midseason soil moisture anomalies. Such maps will 
have identified some exceptionally dry conditions. 
NASA scientists then run their hydrologic models 
out to the end of the season using historical data, thus 
producing useful predictions. Use of the crop water 
requirement satisfaction index (WRSI) model pro-
vides a similar midseason snapshot of water availabil-
ity and forecasts of end-of-season crop performance. 
While still an active area of research, FEWS NET is 
working toward combining midseason remote sens-
ing data with forecast-based outlooks derived from 
weather and climate models. To this end, we have 
developed CHIRPS-compatible downscaled daily 
precipitation fields based on weather forecasts from 
the Global Ensemble Forecast System.6

Within a season, FEWS NET depends heavily on 
a convergence-of-evidence approach that draws on 
many information sources (Brown 2008). All sources 
of information contain some level of uncertainty. 
Translating satellite-observed radiance information 
into accurate assessments of climatic shocks is dif-
ficult. FEWS NET, therefore, looks at multiple types 

and sources of remotely sensed information such as 
precipitation estimates, normalized difference vegeta-
tion index (NDVI) imagery,7 and satellite estimates 
of actual evapotranspiration (Senay et al. 2007, 2011, 
2013). In addition to satellite information, on-the-
ground reporting and station observations provide 
critical input to midseason assessments.

Finally, as the season draws to a close, FEWS NET 
early warning scientists work to refine their assess-
ments and consider questions such as the following. 
How bad might “bad” be? Is it the worst drought in 
10, 20, or 50 years? Can we use WRSI or statistical 
relationships to quantify the likely crop production 
loss? Can we use FLDAS runoff to quantify deficit 
in per capita water availability? At the close of the 
growing season, high-resolution vegetation imagery 
provides an excellent source of spatially detailed 
information related to crop production and pasture 
conditions.

The next several sections expand on FEWS NET 
activities at each of these progressive drought early 
warning stages. Effectively working in unison, early 
warning products provided at each successive time 
period can provide increasingly accurate, specific, 
and actionable information. Below, we describe some 
of the major components of the FSO that are led by 
FEWS NET partners.

BeFore The season: usinG hisToriCal inForMaTion To 
Guide early WarninG. Before a season begins, FEWS 
NET partners use historical information to guide 
early warning in three ways: 1) contextualizing cur-
rent agroclimatic conditions using long-term datasets 
(e.g., precipitation datasets), 2) investigating climate 
attributes of the past drought events using historical 
climate model simulations, and 3) mapping food 
insecurity “hot spots.”

usinG saTelliTe-GauGe PreCiPiTaTion To MoniTor 
CurrenT aGroCliMaTiC CondiTions. The lack of reliable 
data in many developing countries makes effective 
early warnings challenging. FEWS NET scientists use 
blended satellite-rain gauge rainfall estimates such as 
the CHIRPS dataset (Funk et al. 2015b) and the Cli-
mate Prediction Center’s ARC2 (Novella and Thiaw 
2013) to identify droughts. The NOAA Climate Pre-
diction Center (CPC) combines real-time observations 
with historical ARC2 data to provide SPP analyses 
(Novella and Thiaw 2016). Such tools allow analysts to 
assess the probability of a midseason recovery.

6 http://blog.CHC.ucsb.edu/?p=443
7 https://earlywarning.usgs.gov/fews/product/448
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invesTiGaTinG CliMaTe aTTriBuTes oF PasT drouGhT 
evenTs. FEWS NET also uses observations, reanalyses, 
and atmospheric global circulation model simulations, 
such as those hosted at the NOAA Facility for Cli-
mate Assessments,8 to perform diagnostic analyses 
of recent drought events; to examine the influence 
of El Niños and La Niñas (Hoell et al. 2014, 2015; 
Pomposi et al. 2018), the North Atlantic Oscillation 
(Bekele-Biratu et al. 2018), the subtropical Indian 
Ocean dipole (Hoell et al. 2017a), and the West Pacific 
Warming Mode (WPWM; Funk and Hoell 2015); and 
to look for opportunities for prediction. FEWS NET 
has also routinely participated in the annual BAMS 
“Explaining Extreme Events” climate attribution 
issues9—examining the potential impacts of climate 
change on recent African drought events.

The ENSO mode characterizes the warmth of SSTs 
in the equatorial east Pacific. This mode obtains the 
highest values when a strong El Niño occurs, as in 
2015/16. The WPWM characterizes the warmth of 
global SSTs after the influence of ENSO has been 
removed. This mode loads strongly on the western 
Pacific. When a strong El Niño event appears prob-
able, we also are likely to experience drought in several 
FEWS NET regions such as Ethiopia, southern Africa, 
and Central America (Hoell et al. 2015; Korecha and 
Barnston 2007; Nicholson 1986; Ratnam et al. 2014; 
Reason et al. 2000). When the WPWM mode and west 
Pacific SST are exceptionally warm and a strong tem-
perature gradient exists between the eastern and west-
ern Pacific, dry conditions are likely to prevail over 
East Africa (Funk et al. 2014; Hoell and Funk 2013, 
2014; Lyon and DeWitt 2012; Shukla et al. 2014a,b).

FEWS NET science has also resolved the East 
African climate paradox (Rowell et al. 2015) by 
attributing the observed declines (Fig. 2a) to an 
interaction between anthropogenic warming in the 
western Pacific and natural ENSO climate vari-
ability (Funk et al. 2018d; Hoell et al. 2017b) that 
has increased the region’s sensitivity to La Niñas 
(Hoell and Funk 2013; Hoell et al. 2014), creating 
opportunities for effective prediction (Funk et al. 
2014; Shukla et al. 2014a,b). The “paradox” resides 
in the fact that climate change simulations anticipate 
a wetter East Africa, while FEWS NET research has 
identified substantial drying, especially during the 
March–May long rains. Climate change models may 
be overestimating the inf luence of El Niño–like 
warming in the east Pacific. The latest FEWS NET 
research (Funk et al. 2018d, 2019) indicates that 
exceptional increases in west Pacific SSTs following 
an El Niño often result in severe and predictable East 
African droughts.

MaPPinG Food inseCuriTy “hoT sPoTs.” Historical cli-
mate data (Funk et al. 2015a,c; Schneider et al. 2017) 
can also be used as part of FEWS NET’s vulnerability 
identification process (Funk and Verdin 2009; Hoell 
and Funk 2013; Hoell et al. 2014). Such analyses 
first identified the decline (Fig. 2a) in East Africa’s 
March–May rains (Funk et al. 2005; Verdin et al. 
2005). While climate change models (Giannini 
et al. 2018) predict increased rainfall, the observa-
tions indicate a dramatic increase in the frequency 
of droughts with only a few good rainfall seasons 
since 1999, providing little chance for recovery. 
Concomitant with this drying has been a substantial 
increase in food insecurity since 2011, the year of 
the Somali famine (Fig. 2b). At the peak of the 2011 
Somali famine, some 12.6 million people are thought 
to have experienced pre-famine conditions. In 2017, 
at the peak of a similar series of La Niña–induced 
droughts, almost 3 times as many East Africans 
faced severe food insecurity.

Even before a season begins, FEWS NET research 
allows us to identify where droughts are likely to 
occur and where droughts might produce the greatest 
food security impacts. Once the season commences, 
a powerful suite of satellite-based monitoring tools is 
used to track potential hazards.

durinG The season: Weekly and MonThly aGroCli-
MaTiC MoniTorinG. During a growing season, three 
main monitoring activities contribute to FSOs: 1) 
Weekly Hazard Outlooks (CPC), 2) Crop Monitor-
ing for Early Warning (University of Maryland’s 
HARVEST10), and 3) FEWS NET Land Data Assimila-
tion System (NASA).

Weekly WeaTher hazard ouTlooks. The preparation 
of weekly hazards outlooks in support of the FSO 
is led by the CPC, with contributions from other 
FEWS NET partners. The objectives and processes 
are described in detail in Thiaw and Kumar (2015). 
The hazards outlooks take into account the evolu-
tion of climate conditions over the past several weeks 
and months, as well as forecasts from short-range 
to subseasonal and seasonal time scales. These 
outlooks depict areas that have been consistently 
dry or exposed to flooding (or other conditions such 
as extreme heat or cold, and locust outbreaks) that 

8 www.esrl.noaa.gov/psd/repository/alias/facts
9 www.ametsoc.org/ams/index.cfm/publications/bulletin 

-of-the-american-meteorological-society-bams/explaining 
-extreme-events-from-a-climate-perspective/

10 https://nasaharvest.org/
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might result in adverse long-term impacts on crops 
and pastures, which could lead to food insecurity. The 
primary inputs to the hazards outlooks include rain 
gauge data and satellite rainfall estimates [Rainfall 
Estimation, version 2 (RFE2) and ARC2], rainfall and 
surface temperature forecasts up to 16 days, and sub-
seasonal and seasonal climate forecasts. Other prod-
ucts considered include the USGS WRSI for crops 
and rangelands (Senay and Verdin 2003; Verdin and 
Klaver 2002), NDVI (J. F. Brown et al. 2015), NOAA’s 
vegetation health index (VHI; Kogan 2002), and field 
observations. With knowledge of current conditions 
and forecasts, areas at risk of weather hazards and 
potential food insecurity are identified and mapped. 
A sample hazard outlook, valid for 27 December 
2018 to 2 January 2019, is shown for Africa in Fig. 4a. 
Polygon shapes show areas of concern for flooding 
or drought, and numbering the polygons allows for 
continued monitoring of the same areas. Color shades 
determine the nature and severity of the hazards. The 
sample outlook (Fig. 4a) identifies droughts with dark 
tan shades. Polygon 1 in eastern Kenya and portions 
of southern Somalia features drought associated with 
an early cessation of rain with a negative impact on 
ground conditions. When the outlook was released, 
rainfall recovery was very unlikely, given that the 
October–December rainfall season was drawing to 
an end. Polygon 2 in the Republic of South Africa 
also identifies a very poor start to the maize growing 

region across one of the most productive regions in 
sub-Saharan Africa. Polygons 3 and 4 (yellow) high-
light areas of developing dryness that could have 
adverse impacts on crops. In contrast, polygon 5 
(dark blue) features potential flooding associated with 
extremely heavy rainfall across Malawi and parts of 
neighboring countries. The hazards outlooks serve as 
one component of the food security outlooks process 
and are integrated with many other factors to predict 
areas at risk for food insecurity.

The hazard outlooks are supported through the 
development of interactive monitoring tools that 
allow food security analysts to evaluate several re-
motely sensed datasets and to place the information 
in the context of historical norms through the genera-
tion of both maps and time series data at multiple spa-
tial scales. An example of one such tool is the USGS 
Early Warning eXplorer (EWX), which provides 
access to image data for rainfall, NDVI, land surface 
temperature, snow depth, and snow water equivalent 
(SWE). Depending on product type, other available 
imagery includes anomalies, z score, and percent of 
median. The EWX11 provides a variety of temporal 
scales from daily to 3-month accumulations. Time 
series tools allow the user to summarize a particular 
variable across administrative levels, crop growing 
areas, or drainage basins.

Fig. 4. (a) Africa weekly hazards outlook, valid 27 Dec 2018–2 Jan 2019. Weather and climate conditions with 
adverse impact on food security are depicted. (b) Africa and Yemen CM4EW, Dec 2018. The CM4EW bulletin 
routinely reports on approximately 80 countries.

11 https://earlywarning.usgs.gov/fews/ewx/index.html
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CroP MoniTorinG For early 
WarninG. The Crop Monitor 
for Early Warning (CM4EW) 
is a multiagency effort to as-
sess crop growing conditions 
for countries at risk of food 
insecurity. The CM4EW 
addresses the Countries-at-
Risk component of the G20 
Group on Earth Observa-
tions Global Agricultural 
Monitoring (GEOGLAM) 
init iat ive (Fig. 4b). The 
CM4EW (cropmonitor.org) 
is a monthly collaborative 
activity that involves mul-
tiple international, national, 
and regional institutions 
that provide crop condi-
tion assessments based on 
a range of satellite-derived 
crop condition indicators 
alongside ground informa-
tion and analyst expertise. 
Classifications are accom-
panied by associated drivers 
such as dryness, delayed 
planting, or conflict, among 
others. Each month, entries 
are made into the Crop Mon-
itor interface by crop ana-
lysts representing the various 
participating agencies. Crop 
condition discrepancies are 
then vetted and discussed 
on a monthly teleconference 
until a consensus among 
analysts is reached. This 
vetting process has helped to 
substantially reduce uncer-
tainty in crop condition as-
sessments. It also reflects the 
first time that the interna-
tional community concerned 
with monitoring food pro-
duction in these vulnerable 
food-insecure countries has 
come together on a monthly 
basis to conduct joint assess-
ments. These monitoring 
activities contribute to the 
decision support provided 
by FEWS NET.

Fig. 5. (a) Afghanistan snow water equivalent time series for the Helmand basin 
for 2016/17 and 2017/18. Also shown are the historic maxima, minima, and aver-
age. Central Asia and Afghanistan snow modeling are available at 1-km resolu-
tion, daily from 2001 to present from the USGS, Earth Resources Observation 
and Science Center FEWS NET website. (b) Falkenmark water stress anomalies 
for Mar–May 2018.
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FeWs neT land daTa assiMilaTion sysTeM. The FEWS 
NET Land Data Assimilation System allows for the 
routine monitoring of hydrologic variables beyond 
precipitation such as snow, soil moisture, and water 
stress. While there have been a number of prototypes 
for global drought monitoring systems (Nijssen et al. 
2014; Pozzi et al. 2013), as well as routinely updated 
hydrologic modeling systems for regional drought 
(e.g., Sheffield et al. 2014; Svoboda et al. 2002) and 
global f lood monitoring (Wu et al. 2014), the goal 
of the FLDAS is to provide a land data assimilation 
system specifically for the domains, data streams, and 
monitoring and forecast requirements associated with 
the FEWS NET FSOs. The FLDAS is a custom instance 
of the NASA Land Information System (LIS) (Kumar 
et al. 2006) adapted to work with the data and models 
commonly used by FEWS NET. Adopting LIS has 
allowed FEWS NET to leverage existing land surface 
models such as Noah (Ek et al. 2003) and the Variable 
Infiltration Capacity (VIC; Liang et al. 1994) models 
to address the needs of the food security commu-
nity. FLDAS evaluation, including comparisons with 
NDVI, remotely sensed evapotranspiration estimates, 
microwave soil moisture, and streamflow observa-
tions can be found in McNally et al. (2016, 2017) and 
Jung et al. (2017). Additional studies have explored the 
relationship between FLDAS outputs and crop yields 
(Agutu et al. 2017; McNally et al. 2015).

FLDAS is updated daily, bimonthly, and monthly, 
depending on availability of rainfall inputs. This 
schedule allows FLDAS to provide information 
both during and after different growing seasons. 
FLDAS can address questions like, “How do current 
snowpack levels in Afghanistan compare with the last 
18 years?” or “Based on model runs using CHIRPS 
inputs, how does current water stress compare to the 
last 33 years?”

An example of FLDAS for Afghanistan SWE 
output for February 2018 is displayed in Fig. 5a. The 
model produces estimates of SWE using NOAA’s 
near-real-time meteorological inputs (Derber et al. 
1991) and the Noah version 3.6 land surface model. 
These estimates are delivered to the USGS, where 
maps, time series, and interactive tools are updated. 
This allows analysts to make a comparison between 
the current conditions of the SWE and its histori-
cal record (2001 to present). During the winter of 
2017/18, Afghanistan experienced extremely low snow 
levels. Figure 5a shows the seasonal progression of 
SWE values for a major basin (the Helmand) during 
a typical year (2016/17) and the very low 2017/18 
season. Also shown are historical minimum, maxi-
mum, and average SWE values. Since Afghanistan 

depends on snowmelt to support irrigated agricul-
ture, monitoring SWE values provided valuable 
advance notice of future food shocks. The FLDAS 
soil moisture and runoff have also been used to 
illustrate the severity and extent of several major 
drought events in Africa, including the 2015 Ethiopia 
drought,12 2015/16 southern Africa drought,13 and the 
2016 eastern Horn of Africa drought.14

In addition to the use of FLDAS to contextual-
ize hydrologic conditions, new efforts are tracking 
per capita water availability to highlight locations 
where both supply (runoff) and demand (population 
density) may be contributing to water scarcity or 
flood-risk outcomes. Per capita water stress can be 
estimated using the Falkenmark Index (Falkenmark 
1989). Figure 5b shows March–May 2018 water stress 
anomalies. This panel ref lects the above-normal 
rainfall that much of East Africa experienced in 2018, 
resulting in catastrophic flooding in Kenya and the 
Juba–Shabelle basin in Somalia.15

Both of these examples demonstrate how FEWS 
NET can move beyond relative conditions (rainfall 
anomalies) to more accurately quantify water 
availability—be it for crops, pastures, or people—and 
assess how this volume of water compares to recom-
mended thresholds (e.g., the Falkenmark Index). 
Other benefits of the FLDAS include the ability to 
partition readily available satellite rainfall estimates 
and meteorological reanalysis into different vari-
ables in the energy and water budget, allowing for 
comparisons of these rainfall-driven estimates with 
independent remote sensing observations of, for ex-
ample, thermal-based evapotranspiration, microwave-
derived soil moisture, and terrestrial water storage 
from the Gravity Recovery and Climate Experiment 
(GRACE) mission (Tapley et al. 2004). Research and 
development within this modeling framework will 
soon allow FLDAS to augment its capabilities to 
include dynamic seasonal and weather forecasts to 
make predictions of hydrologic conditions. These im-
provements and additional case studies demonstrating 
FLDAS utility will further improve analysts’ abilities 
to use these data and answer questions regarding water 
availability and its impact on food security outcomes.

12 http://fews.net /east-africa /ethiopia /special-report 
/december-17-2015

13 www.fews.net/southern-africa/special-report/march-2016
14 http://fews.net/sites/default/f iles/documents/reports 

/FEWS%20NET_Horn%20of%20Africa%202016%20
Drought%20Map%20Book.pdf

15 https://reliefweb.int/disaster/ff-2018-000030-ken
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CONCLUSIONS. Drought early warning sci-
ence, in support of famine prevention, is a rap-
idly advancing field that is helping to save lives and 
secure livelihoods. With over 33 years of continuous 
development, the Famine Early Warning Systems 
Network (FEWS NET) provides a compelling exam-
ple of science in action, connecting a well-developed 
Drought Early Warning System (DEWS) with food 
security analysts to help motivate and target effective 
humanitarian responses (Fig. 1a). The unique multia-
gency structure of the FEWS NET DEWS connects 
scientists in food-insecure countries with colleagues 
in the USGS, CHC, NOAA, NASA, USDA, and the 
University of Maryland–led HARVEST program. The 
breadth of this network supports analyses that range 
from short-term hazards alerts, to seasonal monitor-
ing and prediction reports, to long-term evaluations 
of changes in climate and the determinants of food 
insecurity and resilience. Here, we have described 
some of the climate and hydrologic science behind 
FEWS NET with reference to recent early warning 
applications. We have summarized the FEWS NET 
Food Security Outlook (FSO) process and the major 
activities led by FEWS NET partners that contribute 
to the FSO. We have also described how new FEWS 
NET research suggests that global warming may be in-
tensifying tropical climate extremes. These extremes 
may provide opportunities for early warning, and 
we have provided examples demonstrating effective 
forecast and monitoring applications associated with 
the recent 2015/16 extreme El Niño and subsequent 
2016/17 La Niña. While more work needs to be done 
to leverage the best new climate, satellite, and agro-
hydrometeorological modeling resources, FEWS NET 
is helping developing nations anticipate, monitor, 
and cope with the impacts of severe droughts. As 
discussed above, Kenya’s improved responses during 
the 2016/17 crisis helped reduce the impact of back-
to-back severe droughts. Regional and national 
agencies, ICPAC, RCMRD, the FSNWG, and Kenya’s 
Meteorological Department (www.meteo.go.ke/) and 
National Drought Management Authority (NDMA; 
www.ndma.go.ke/) have made great improvements 
in their monitoring, prediction, and disaster risk 
reduction activities. Like FEWS NET, these agencies 
effectively anticipated and monitored the 2016/17 
droughts, helping to trigger Kenya’s own substantial 
drought intervention activities. Going forward, inno-
vations such as weather index insurance and Kenya’s 
National Drought Management Authority Drought 
Contingency Fund may further enhance the capacity 
of fragile food economies to absorb the impacts of 
twenty-first-century droughts.
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