Navigate Access PDF reports

Select a country | ~ ] | Download an analysis

) ‘S
0.71B e
Total number ks
of people with ’ e
insufficient food A
consumption ‘ ‘e
s
o

Conflict Alerts -~
Countries with > 1 fatality
/200,000 in the last 30 days.

Climate Alerts

@ % of people living in areas

with significant rainfall or
vegetation deficit > 15%
@ % of people living in areas

with significant excess
rainfall > 15%
®
@
®
Prevalence of insufficient food consumption ® >
Mod Mod o =
Very Low Low lowmhighm'y High Very high
Current Food 0-5% 5-10%
Conflict C p Vegetati Rainfall

10-20% 20-30% 30-40% Above 40%
IPC/CH
il
AN P oo

Bt v & ©

<




WEFP I

Countries and territories
with WFP operations

/Bl
MiIIion pepple & =
assisted in 2022 “ “‘“

n Numbers

WFP

5,600

trucks

ﬁﬂt 100
Employees aircrafts
Worldwide
¢\
v Partners
V In the Humanitarian Community

%

World Food

Million children
received meals & snacks in 2022

Programme

Received in contributions
In 2022

$14B



We're facing

As of November2023

Driven by 333M

people are facing acute food insecurity
in 78 countries where WFP provides direct
assistance and data is available

»ﬂ- COVID-19 [‘i War in Ukraine

31'- Conflict '_;E Climate Crisis




acute food

insecurity
numbers

272M

people in
79 countries

124M 135M
people facing acute in 55
food insecurity in 113M countries
51 countries peoplein
53 countries
116M
o7M Beneficiaries
91 M o 87M Beneficiaries reached
Beneficiaries Beneficiaries reached
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COVID-19 Pandemic Declared

@ 349M

people in

79 countries

@ 283M

people in
81 countries

160M
Beneficiaries
128M reached
Beneficiaries
reached
2021 2022

Conflict in Ukraine

333M

people facing
acute food
insecurity

in 78 countries
where WFP
provides direct
assistance and
data is available

177M

Beneficiaries
to be reached

2023

Source: GRFC 2018, 2019, 2020, WFP GORP November 2020, November 2021, November 2022, November 2023,
WFP Annual Performance Report for 2017, 2018, 2019, 2020, 2021,2022



FUNDING

WEFP is 100 percent voluntarily funded,
largely by governments.

Projected operational requirements: US$21.5 billion
Forecasted funding: US$10 billion
Funding gap™: US$15.1 bhillion

* Difference between funding required and received
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The Gold Standard - Integrate Phase Classification (IPC)

Current: Apr 2023 - Apr 2023 Projected: May 2023 - Oct 2023 @ Details P Key
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Phase Population %
& []Phase 1 11,079,611 26
[]Phase 2 16,765,652 39
[l Phase 3 12,497,192 29
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W Phase 5 0 0
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15,255,335 35

I Download map image
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WFP's Real-Time Remote Monitoring Suite

Objective:

Provide streaming analytics (continuous updates) on food security to facilitate:

1. Timely diagnosis of the situation and awareness among stakeholders

2. Rapid triggering of further analysis or surveys as necessary

3. Better decision making to inform more effective and targeted operational response
and programming

4. More effective advocacy and resource mobilisation

How it works:

7\
-4

Continuous data collection O
conducted remotely —O=
(through live calls) -0

Same indicators as Integrated
Food Security Phase
Classification analyses

Representative data on — ) Data analysed automatically
9 the food security s and results made available
situation in a country — in near real-time

{i'} World Food Programme




Food Security Indicators

Insufficient Food Consumption

_ . . Afghanistan
« Weighted share of households in an area with poor or

100%

borderline food consumption o

80%

« Based on Food Consumption Score FCS 70%

60%

Fall of Kabul
15Aug 21

i
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=

50%

£

Crisis or above food-based coping -

30%

20%

* Weighted share of households in an area adopting coping

10%

0%

strategies (limiting portion sizes, borrowing food, etc.)

Aug oct Dec Feb Apr Jun Aug oct Dec Feb Apr Jun Aug

e nsufficient Food Consumption @ (Crisis or above food-based coping

« Based on reduced Coping Strategy Index rCSl



Real-Time Monitoring: Data collection methodology

Sampling: Daily quotas for each strata Day 1 5 households
Day 2 10 households
Day 3 15 households
Day 4 20 households
Day 5 25 households

@30 150 households é

Q.

Rolling 30-day average of the food

security situation

{&} World Food Programme



REAL-TIME FOOD SECURITY MONITORING

Yemen
Yemen
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= | sufficient Food Consumption
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Sa'ada Sana'a Shabwah _  Taizz Amanat Al Asimah  Raymah Hadramaut

Data collected daily through CATI surveys

Information is continuously analysed

Real-time food security monitoring systems currently

established in 37 countries.

National Monitoring of food consumption



The challenges with existing food security monitoring approaches

Timeliness

Real-time data has become critical across many sectors,
however, when it comes to food security assessments,
data can be outdated by the time it’s published!

[\
Sensitivity

Traditional face-to-face assessments are usually conducted
bi-annually, meaning that seasonal deteriorations,
localized developments, and short-term disaster impact
are not captured.

{&) World Food Programme

N

Access

Face-to-face food security assessments are notably difficult
and dangerous to conduct in areas of conflict. And yet,
72% of acutely food insecure people live in just such areas.

Narrow scope

Traditional face-to-face food security assessments are
rarely leveraged to collect cross-sectoral data
simultaneously, requiring additional research




WFP’s Real-time monitoring data shows many examples of
trending deterioration in food security before published IPC
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Real-Time Monitoring
for Climate Emergencies

Real-Time Monitoring Systems have been used for:

? Post-disaster assessments 10 weeks of ear!y warning 4, Seasonal and lean season
compared to periodic assessments. 44¢ assessments

Impact of Tropical Storm Ana in Mozambique Impact of 2022 flooding in Chad

January 1 - February 28 May - October 2022
20% 40%

35% 30%

Tropical Storm Ana

30% January 24

20%

25% 10%

20%
01/01/2022 15/01/2022 29/01/2022 12/02/2022 26/02/2022

0%
15/05/2022D9/06/202D4/07/20229/07/20223/08/20227/09/2022

Insufficient Food Consumption = |nsufficient Food Consumption

e (risis or above food-based coping = = = Ahove-normal rainfall (3-month anomaly)



Currency swap analysis: Weekly averages of % of households with insufficient food intake
from October to February (compared with previous year)
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ADAM: Advanced Disaster Analysis & Mapping
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IDB PROJECT

Triggering
system

Food security triggers

Regional overview as of today
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IDB Project
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“Food security assessment and analysis” was by far the main use case, followed by
“Advocacy and resource mobilization”

Primary Use
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Machine Learning for Zero Hunger

—— Nowcasting Models

« Estimates current levels of
insufficient food consumption

« Used in countries where we do not
have RTM.

« Based on XGBoost
« Deployed in 56 countries.

naturefood

Explore content ¥ About the journal ¥  Publish with us v

nature > nature food > articles > article

Article ‘ Published: 15 September 2022

Machine learning can guide food security efforts when
primary data are not available

Elisa Omodei

Nature Food 3, 716-728 (2022) | Cite this article
3443 Accesses ‘ 77 Altmetric ‘ Metrics

—| Forecasting Models |7

« Estimates future levels of insufficient
food consumption (30, 60, 90 days)

« Used in countries where we do have
RTM.

« Based on Reservoir Computing/XGBoost
« Pilotin 5 countries.

ar(iv>s > X 23120066

Computer Science > Machine Learning
{Sudmited/on f Dec 2023 ). as revised 20 Dec 2023 (s version, v2)]

Forecasting Trends in Food Security: a Reservoir Computing Approach
Joschka Herteu, Christoph Réth, Amine Baha, Giulia Martin, Duccio Piovani

Eary wamingsys/ams are an essental ool forefecive umanitaian acion Advance wamingson impending isases factate fmely and targted rspanse whih hep save v veihonds and scarce ancialresoures. In s work e resent a e
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lobal hunger monorng sysim which cofecs. processes and ispiays Galy Updates 0n ey food securty e, confct weaher even's, nd ofe s o food nsecurty across 90 counies (s s URL) n fis sy, we assessed he perfomance of
various models incuding ARIMA XGBoost, LSTH, CANs. and Resenvoi Compuing (RC) by comparing i Roct Mezan Squared Ero (RMSE) mefcs: This comprehensive analyss spamed ciassical staisical mactine eaming and deep leaming approaches.
Ourfidings highit Resenor Computing 2 apaicuay welksuied o nhe e o fod secuty fen ot s ol resistanc o v g on imed a2 samples and s efcint raing caehiies. The mehodolgy we inoduce estabises e
qrourdnork or 2 lobal, datarven eary waming system designed to anfipte and detec foodinsecury

Comments: 22 pages, 1 fqures, typo in acknowledgements comected
Subjects  Machine Leaming (cs.L(G) Physics and Sorely (ohysics soc-ph); Machine Lezming (siat ML)
Cieas: 20231200625 csL6]

{orarXGv 2312 0082642 [es.L6] for tis version)
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Independent variables

We use open Datasets that relate to 3 key drivers of food insecurity:
Economic shocks, Extreme weather events and Conflict

Climate and Earth Observation
X The weather conditions and the agricultural production included by use of the Vegetation Index (NDVI) and
2

Rainfall Data coming from CHIRPS & MODIS Satellite Data and maintained by WFP Climate team

o Economic and Market Analysis
&r‘ To describe the economic dimension of the countries we use the price of commaodities collected in the Alert Price
_\[lﬂ[“]l Spike (ALPS) from WFP Economic Explorer, the Food, the Headline Inflation, the Currency Exchange and the
~. _~ GDPfromTrading Economics.

\ Conflict Data
4. | We use the number of Conflict Related Fatalities - ACLED Data a publicly available repository of

/'\ reported conflict events and related fatalities across most areas of the world. The date, longitude and
latitude of each event is reported.
Y

4} World Food Programme
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Machine Learning Modelling: Input Data Examples

Input Data Examples

' | Food Security Data

{ Climate Data
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Nowcasting models

Predicted indicators:
» Prevalence of people with insufficient food consumption (i.e. poor + borderline FCS)
» Prevalence of people using crisis or above crisis food-based coping (i.e. rCSI = 19)

A prevalence is a number between 0 and 1 =—————) It is a regression problem (bounded)

o 0

) O, M| OO, ) e

Residuals of iteration 0 Residuals of iteration 1 Residuals of iteration 2

e ==
JC J C ]

. Jc J CJC )

Residuals of iteration n Residuals of iteration 3

To fit the models a Machine Learning algorithm was used: Gradient boosting (XGBoost)

{¥'} World Food Programme




Operationalization

Every ni::,lr\'t on a Virtual machine:
Features generation Prechictions 9e_ne,roct30n automatic checks are ‘tﬁgge,f‘e_d
\/\/ C)‘Q i
Open source APIS / x

PR

Pr‘edic:‘tions S‘tor*e,cl Predictions quarantined
n a database

Predictions shown in the HML

GAY

Users
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Real-Time Monitoring & Nowcasting: Coverage

Every night we
update the input
variables for the
datasets and
nowcast the two
indicators in 53
countries.

@ Real time monitoring
- countries

@ Partially covered

@ Nowcasted Countries

/&) World Food Programme



nature food

Explore content ¥  About the journal ¥  Publish with us v

nature > nature food > articles > article

Article ‘ Published: 15 September 2022

Machine learning can guide food security efforts when
primary data are not available

Giulia Martini, Alberto Bracci, Lorenzo Riches, Sejal Jaiswal, Matteo Corea, Jonathan Rivers, Arif Husain &

Elisa Omodei

Nature Food 3, 716-728 (2022) ‘ Cite this article
3443 Accesses ‘ 77 Altmetric ‘ Metrics
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Advantages, limitations and challenges

- Advantages:
« Simple yet powerful model
« Extensive coverage
« Works well in countries with continuous and quick secondary data updates

 Limitations:
« Does not work well in extrapolation
 |Input data should be widely available
* No quick reaction to sudden shocks (e.g. conflict, heartquakes, etc.)

» Challenges:
 Explainability
« Bounded problem
« How to include regional patterns?

{¥'} World Food Programme




HungerMap''VE

An integrated global hunger monitoring system that
collects, processes, and displays real-time

information on key food security metrics - all in real-

time and in one place.

Powered by:

(1
- & ™

Real-time monitoring Hunger Predictions
\ + )

Additional displayed layers

conflict population COVID-19

hazards nutrition macroeconomic

rainfall vegetation IPC/CH




Machine Learning Modelling: FamPred Project

WFP
\E‘E{%\h World Food
. E h t . dedicated del \!;wk Programme Deutsches Zentrum
ach country requires a dedicated mode DLR fir Luft- und Raumfahrt
INNOVATION German Aerospace Center
ACCELERATOR
 Tested on 6 countries with a large amount of data Abyan Aden Al Bayda Al Dhale’e Al Hudaydah
points: %-\% /é%w%
- Mali = ! |l o
Al Jawf Al Maharah Al Mahwit  &Amanat Al Asimaf Amran
« Yemen 2 -
* Nigeria 2 N m N p
o S !
- Syria Dhamar Hajah o Ibb ° Lahj M arib
n o n 9 g
. Haiti BO%C‘/‘% NAO /ég“_%
&< < g
« Cameroon S o a o .
Raymah Sa'ada Sana'a ©  “Shabwah © Taizz
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- Estimates were generated for a 30, 60 and 90
days time window.

&) World Food Programme



Forecasting Model: Reservoir Computing

Our goal is to train a Machine Learning model to infer the FCS from the input data.

Alert Price Spike

Output

Prevalence of Insufficient Food
Consumption
Food Headline e ., U - Adamawa, Nigeria

Inflation

Currency Exchange

01/11/2021 26/11/2021 21/12/2021 15/01/2022

Lower == RTM Data

== Prediction

Machine Learning prediction tool Sophisticated enough to deal with Better able to deal with limited
for time series complex problems, but easy to use amounts of data than other methods




TRAINING AND EVALUATION

1. Train up to a certain point
2. Test on the following 60 day
3. Repeat for up to 12 successive time windows

{D 2019 _
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Example December Forecast Yemen

Abyan Al Dhale'e Aden Al Bayda Al Hudaydah
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Example January-February Nigeria Forecast

Nigeria National Forecasts
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Example Forecast December Performances: Haiti
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Forecasting Model: Performances

We measured the aggregate error in 4 countries on 12 successive 60 days forecasts from June 2022 to May 2023.
« Reservoir Computing proved to be the most accurate methodology, especially to forecast deteriorations in the food security level

* Notably the training procedure required a fraction of the computational resources

Divergence over time

Aggregate Performance

7
8
7 5]
6 5
wd
7] j,JJ 4
24 :
Ta
3
2
2
1 1
0 Syria Nigeria ' 0l -
Country 0 10 20 30 40 50 60

days




Categorized Performance

Performance by behavior
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Forecasting Trends in Food Security: a Reservoir Computing Approach

Joschka Herteux, Christoph Rath, Amine Baha, Giulia Martini, Duccio Piovani

Early warning systems are an essential tool for effective humanitarian action. Advance wamings on impending disasters facilitate timely and targeted response which help save lives, livelihoods, and scarce financial resources. In this work we present a new
guantitative methodology to forecast levels of food consumption for 60 consecutive days, at the sub-national level, in four countries: IMali, Nigeria, Syria, and Yemen. The methodology is built on publicly available data from the World Food Programme's integrated
glebal hunger monitoring system which collects, processes, and displays daily updates on key food security metrics, conflict, weather events, and other drivers of food insecurity across 90 countries (this hitps URL). In this study, we assessed the performance of
various models including ARIMA, XGBoost, LSTMs, CNNs, and Reservoir Computing (RC), by comparing their Root Mean Squared Error (RMSE) metrics. This comprehensive analysis spanned classical statistical, machine leamning, and deep leaming approaches.
Our findings highlight Reservoir Computing as a particularly well-suited model in the field of food security given both its notable resistance to over-fitting on limited data samples and its efficient training capabilities. The methodology we introduce establishes the
groundwork for a global, data-driven early warning system designed to anticipate and detect food insecurity.

Comments: 22 pages. 11 figures, typo in acknowledgements corrected
Subjects:  Machine Learning (cs.LG); Physics and Society (physics.soc-ph); Machine Learning (stat. ML)
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Next Steps & Partnership Opportunities

@ Including additional data sources

In order to increase the factors we take into account, identify more relevant features, and include a wider range of
data types and sources for a more complete picture of food insecurity.

@ Incorporating more sophisticated versions of the model
To allow for longer and better predictions while feeding the model less data.

/ Output triangulation

The outputs of this model should be triangulated with other existing approaches to estimate future developments
of food security and other domain knowledge.

¢

Joint research

Opportunities for academic collaborations are plentifully available when it comes to improving forecasting
methodologies and maximizing the impact of humanitarian interventions.

&
ok

s

Technical support and capacity transfer

Our data, as well as our knowhow are a global public good and we are keen to both share with and learn from the
academic and technical community working in the field of food security.

/&) World Food Programme



Next Steps

1. Build automated infrastructure for the forecasting algorithm.

Table update proposal
forecasting_models_prod forecasting_predictions
a single model per country “in use", training primary key given by tuple: (date,
dates are saved in forecast_data admO_code, adm1_code (if available),
s forecasting_model_id)
Lid
algorithm cale
groTaesic admi_code
indicator
admO_code
hyperparameters
features preaiction
i prediction_upper_bound
. = prediction_lower_bound
time_granularity [] G
train_start_date
adm_level || &
adifnG code train_end_date

used. for:report & ———= forecasting_model_id

latest
model_name

model_pickle &
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Next Steps: Partnerships

awre 300gle Research ThinkingEarth |EEl

Copernicus Foundation Models for a
o 2y l Thinking Earth

Goo! I rch GogIMp
Di

stance API Open Buildings ~ Flood Forecasting

Goo g| N ews Large Language . - odshe
Models THE LONDON SCHOOL
afF ECONOMICS anb
FOLITICAL SCIENCE W

DEPARTMENT OF

¥ | COMPUTER European |
oxrorp | SCIENCE T

EU Science Hub

(%} World Food Programme



Next Steps

3. Make use of more advanced Al infrastructures

scientific reports
Article | Open access ‘ Published: 21 September 2021

Next generation reservoir computing

Explore content ¥  About the journal ¥  Publish with us v

nature > scientific reports > articles > article

Article | Open access | Published: 10 August 2023 Daniel J. Gauthierg, Erik Bollt, Aaron Griffith & Wendson A. S. Barbosa

A novel approach to minimal reservoir computing
Nature Communications 12, Article number: 5564 (2021) | Cite this article

Haochun Ma, Davide Prosperino & Christoph Rath &

Scientific Reports 13, Article number: 12970 (2023) | Cite this article 80k Accesses | 142 Citations | 226 Altmetric | Metrics

2255 Accesses |Metrics
# Deutsches Zentrum
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German Aerospace Center
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Lessons Learned

1) Expertise from the field is crucial. Leveraging the experience and proximity of Country Offices/Food
Security Experts to vulnerable populations enables us to identify the relevant features and evaluate

the usefulness of our monitoring and forecasting methodologies.

2) Drivers of food insecurity can be very specific to a country/region. As a result, general
approaches are less-than-useful and specific input variables (e.g. Ramadan for Muslim-majority

countries) need to be considered.

3) Continuous data analysis is prone to noise. Constant supervision, trainings, and data quality checks

are fundamental for accurate results.

4) Extensive consultation with stakeholders is imperative. To realize impact and integrate into other

data streams, there needs to be a consensus on both the methodology and implications of the data

(%) World Food Programme
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