
An Overview of modelling 
to forecast and explain 
Food Security
Harmonized Food Insecurity Dataset

& Comparison of data driven approaches
March 2024

Melissande Machefer, Michele Ronco, José-Manuel Veiga Lopez, Anne-Claire Thomas, Michele Meroni, Christina 

Corbane, Michele Meroni



• Where and how long do we 

have historical targets data 

access/analysis? 

• What has been captured by 

existing models?

• How to estimate food 

insecurity between

assessments?

• What about inaccessible 

areas?

• How to quantify the 

interactions of the drivers of 

influence?

What are the 
information gaps?

Step 1

Comparison of existing 

indicators, data availability, 

methodologies Step 2

Development of an AI-hybrid 

model for forecasting FI 

quantifying contributing 

factors

Activities

Contributions to: ACF, GIS4tech & 

Granada University model publication



Potential and limitations of  
machine learning modelling 
for forecasting food insecurity

Comparison of data availability, methods and applications



Food Security targets* coverage
Assessment Where Temporal validity Update Frequency Targets variable Since

FAO FIES 153 countries yearly yearly FIES scale 2014

IPC-CH 49 countries 1-12 months 1-2x/year (rarely 3 or 4) IPC phases, 

population shares

2016

IPC FEWSNET 28 countries 1 month 3 (>2016)-4 (<2016)x/year IPC phases 2009

WFP CARI 90 countries+ Based on mVAM CARI Groups

WFP

(i) mVAM (CATI)

(ii) CFSVA/EFSA

90 countries+ (i) Daily

(ii) Biannually, annually 

or when available

(i) Daily

(ii) Biannually, annually or 

when available

FCS/rCSI 2006/2013

Mainly 

2021

FAO DIEM 25 countries 1 months roughly 1-3x/year Surveys to 

compute outcomes

2021

LSMS-IA surveys 8 countries Up to 6 months 3-5 years HDDS, FCS, rCSI 2008 (best)

Country surveys HDDS, FCS, rCSI

CFSVA= Comprehensive Food Security and Vulnerability Analysis [F2F]

EFSA=Emergency Food Security Assessment [F2F]

mVAM= mobile Vulnerability Analysis and Monitoring [phone]

FIES = Food Insecurity Experience Scale

Sub-regional

Household

Country
FCS= Food Consumption Score

HDDS =  Household Dietary Diversity Score

rCSI= reduced Coping Strategies index

LSMS = Living Standard Measurements Study

IPC = Integrated Phase Classifications

FEWSNET = Famine Early Warning Systems Network

CH= Cadre Harmonisé

FAO = Food and Agricultre Organisation

WFP =  World Food Program
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*available to download or used in literature in 09/2023
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Indicators online viewers
IPC/CH

Worldbank

GFAS

IPC 

FEWSNET

WFP



Orga. Authors Target

Univ

Amsterdam

, Deltares, 

red cross 

Busker 2023 IPC

WFP, DLR Herteux 2023 FCS,rCSI

Comparison - Studies considered
Orga. Authors Target

UCLA Krishnamurthy

2022

IPC

WFP Martini 2022 FCS,

rCSI

WB Wang 2022 IPC 

(3 cl)

CIRAD Deleglise

2021

FCS,

HDDS

WFP Foini 2021 FCS

Utrecht 

Univ

Westerveld

2021

IPC ph.

change

Urb-Ch. 

Univ

Zhou 2021 FCS,rCSI

WB Andree 2020 IPC (2cl)

Texas Univ Lentz 2019 HDDS,

logFCS,r

CSI

Krishnamurthy et al. 2022 (UCLA University) Anticipating drought-related food security changes Nature Sustainability

Martini et al. 2022 (WFP) Machine learning can guide food security efforts when primary data are not available Nature Food

Wang et al. 2022 (World Bank) Transitions into and out of food insecurity: a probabilistic approach with panel data evidence from 15 
countries World Development

Deleglise et al. 2021 (CIRAD) Food security prediction from heterogeneous data combining machine and
deep learning methods Earth Systems With Applications 
Foini et al. 2021 (WFP) On the forecastability of food insecurity WFP Report 

Westerveld et al. 2021 (TNO Defense & Utrecht University & Red Cross) Forecasting transitions in the state of food security with 
machine learning using transferable features Science of the Total Environment 

Zhou et al. 2021 (Urbana Champaign University) Machine learning for food security: Principles
for transparency and usability Agricultural & Applied Economics Association
Andree et al. 2020 (World Bank) Predicting Food Crisis Worldbank Report 

Lentz et al. 2019 (Texas University) A data-driven approach improves food insecurity crisis prediction World Development

Busker, T. S., van den Hurk, B., de Moel, H., van den Homberg, M., van Straaten, C., Odongo, R. A., & Aerts, J. C. (2023). Predicting Food-
Security Crises in the Horn of Africa Using Machine Learning. Authorea Preprints.

Herteux, J., Räth, C., Baha, A., Martini, G., & Piovani, D. (2023). Forecasting Trends in Food Security: a Reservoir Computing Approach. 
arXiv preprint arXiv:2312.00626.

Number of 

countries 

History of 

data

Spatial 

aggregation 

level

Prediction 

type

(nowcast or 

forecast)

Prediction 

horizon

Prediction 

frequency



Data sources

• NDVI provided by WFP or STAR, soil moisture provided by GEE 

SMAP
• precipitation provided by CHIRPS, TRMM/GPM or WFP CHIRPS, 

smooth brightness temperature provided by NOAA STAR

• Sea surface temperature via ENSO and NINO provided by NOAA

• ACLED dataset

• GDP and exchange rate provided by WFP

• food prices provided by FAO or WFP

• See food insecurity target tables

• population estimation from Afripop or CIESIN

• elevation from CGIAR or GMTED, terrain ruggedness, and soil 

quality from FAO

Regularly updated historical data
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Covariates in the IPC/CH
Analytical framework

V
ar

ia
b

le
s 

in
 t

h
e 

FI
 M

o
d

el
lin

g 
Fr

am
ew

o
rk

Variables in the IPC/CH  Framework

• At least 82% of the studies present variables 

in the elements of the

IPC/CH Framework (Vulnerability, Acute 

events & ongoing conditions, Availability

and Access)

• Vulnerability from a combination of economic, 

past food security situation, temporal 

descriptors and demographic factors.

• Acute event & ongoing conditions through 

weather and conflicts data.

• Availability through land production 

information.

• Access through microeconomy data (generally 

food prices)

• Missing dimension if household utilization. 

Causal Factors
FS dimensions

Vulnerability
Acute event & 

ongoing conditions Availability Access

91% 100% 82% 100%

Agroclimatology Land production 82% 82%

Land resources 9% 9%

Weather 100% 100%

Conflicts Conflicts 73% 73%

Economic Macroeconomy 45% 45%

Microeconomy 100% 27% 100%

Food Security 
Past

Food Security 
Past 64% 64%

Humanitarian 18% 18%

Pests Pests 9% 9%

Space time Spatial 36% 36%

Temporal 64% 64%

Structural 
factors Demographics 64% 64%

Infrastructure 45% 45%

Land 55% 55%

Social 18% 18%



Most influent determinants in the FI Modelling 
Framework



Harmonized Food Insecurity 
Dataset

A monthly sub-national resource for comprehensive analysis and predictive modeling



IPC AFI 

categorizes 

household-level 

acute food insecurity into 

five phases based on all 

regional available evidence

following a standardized 

protocol.

Open access target indicators

Annual and national Sub-annual and  Sub-national

The GFSI combines 

food indicators related 

to affordability, availability, 

quality, safety, sustainability, and 

adaptation.

FAO FIES measures 

food  quality and quantity 

Consumption Individual by assessing 

experiences related to food insecurity.

• FCS measures 

food access 

quality and 

quantity, associated to energy 

food consumption, based on 

dietary diversity, frequency, 

and nutritional value data over 

7 days.

• The rCSI assesses 

households’ behaviors in 

response to food access 

challenges, aggregating data 

on five coping strategies used 

in the past 7 days. 



IPC AFI 

categorizes 

household-level 

acute food insecurity into 

five phases based on all 

regional available evidence

following a standardized 

protocol.

JRC AFI Harmonized Dataset

Annual and national Sub-annual and  Sub-national

The GFSI combines 

food indicators related 

to affordability, availability, 

quality, safety, sustainability, and 

adaptation.

FAO FIES measures 

food  quality and quantity 

Consumption Individual by assessing 

experiences related to food insecurity.

• FCS measures 

food access 

quality and 

quantity, associated to energy 

food consumption, based on 

dietary diversity, frequency, 

and nutritional value data over 

7 days.

• The rCSI assesses 

households’ behaviors in 

response to food access 

challenges, aggregating data 

on five coping strategies used 

in the past 7 days. 
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JRC AFI Harmonized Dataset



Prototype of a forecasting 
model

Monthly updates, admin 2 level, 1 to 12 months lead time



JRC Model

• Working at admin2 level 

(unprecedented accuracy)

• Trained on multi FI datasets 

and long time series

• Explainability as a goal

For analysts or policy makers ex: 

“region Shobet in country South Sudan, has a 

probability of 95%  to escalate to IPC3+ in 4 months 

due to 24% conflicts related issues, 48% 

agroclimatologic drivers, 10% macroeconomic 

worsening situation and 17% of structural factors and 

1% of other factors”

South Sudan 01-2020 Population 
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Multi data sources



Model outputs example



Thank you
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