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44 Abstract
45
46 Climate information services (CIS) are science-based tools used to inform decision-making in 

47 climate-sensitive sectors, such as agriculture, water resources, energy, disaster risk reduction and 

48 health. These CIS rely on high-quality climate and weather data in order to predict and prepare 

49 for specific extreme weather or climate events such as droughts and floods. Within the health 

50 sector, most CIS have been developed to prevent and treat specific infectious diseases or food 

51 insecurity; however less is known on how CIS have been used for nutrition programming. We 

52 conducted a scoping review of available evidence, on the use of CIS to implement nutrition 

53 interventions (both direct and indirect health and other sectors) ahead of extreme weather or 

54 climate events. We searched PubMed, Web of Science and Scopus, and grey literature sources 

55 for primary studies (observational, intervention, and program evaluations) conducted in low- and 

56 middle-income countries from January 1, 2000 to April 1, 2024. We included 48 studies, 

57 representing 67 country-level programs. The majority of programs were found in the African 

58 region (n=38), followed by Region of the Americas (n=9), Western Pacific Region (n=8), 

59 Eastern Mediterranean Region (n=1), and the European Region (n=1). Most CIS were developed 

60 in response to vector-borne diseases (17 countries), droughts (10 countries), floods (9 countries) 

61 or multi-hazards (11 countries). The types of nutrition programs deployed were largely outside of 

62 the health sector including poverty alleviation (n=49 programs), water, sanitation and hygiene 

63 (n=24 programs), disease prevention (n=23 programs) or emergency nutrition (n=19 programs). 

64 Few studies evaluated impacts of CIS on nutritional status in vulnerable populations. There is 

65 urgency and opportunity for better integration of weather and climate information into health 

66 systems decision-making and workforce preparedness at local levels to improve both short- and 

67 long-term nutrition outcomes.
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78 Introduction

79

80 Climate change and variability pose significant risks to systems that deliver nutrition, and 

81 consequently, population nutrition [1]. In recent decades, an increase in greenhouse gas 

82 emissions has triggered extreme weather and climate events (also known as hazards or disasters), 

83 including, but not limited to floods, droughts, heat waves, and cold waves [2]. These events have 

84 become more intense and frequent in nature, shocking systems that provide food, health, water 

85 and social protection, and driving further nutrition inequities within and across communities. In 

86 addition to current impacts, projections to 2050, which are largely dependent on modelling 

87 assumptions and scenarios, suggest that climate change and variability will have detrimental 

88 impacts on nutrition, such as increases in the prevalence of stunting, wasting and micronutrient 

89 deficiencies, but these will vary across regions [3, 4]. Because of this, there is a need for global 

90 climate and nutrition agendas to align and increase investments in nutrition-focused early 

91 warning systems and long-term climate adaptation strategies.

92

93 In an effort to catalyze transformational and systemic change, climate information services are 

94 critical for fit-for-purpose decision-making. Climate information services are the “transformation 

95 of climate-related data (from the past, present or future), together with other relevant 

96 information, into customized products such as projections, forecasts, information, trends, 

97 economic analysis, assessments (including technology assessment), counselling on best practices 

98 development and evaluation of solutions and any other services in relation to climate that may be 

99 use for the society at large” [5]. The use of climate information services has historically been 

100 utilized in sectors such as agriculture, health, insurance, social protection and humanitarian 

101 response, to prevent and prepare for climate hazards [6]. For example, there are a number of 

102 global initiatives to improve farmers’ use of climate information services to implement necessary 

103 innovations and interventions ahead of the growing season to prevent significant losses in yields 

104 [7]. Additionally, the health sector has utilized climate information services to identify 

105 transmission and infection patterns of vector-borne diseases such as malaria, dengue, zika virus 

106 and Lyme disease, in order to develop prevention and control measures [8].

107
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108 Importantly, the production of climate information services relies on robust, accurate and timely 

109 weather and climate data. This includes the temporal and spatial resolution, spatial coverage, 

110 accessibility (sharing of observations) and availability in real-time of data [9]. Together, these 

111 data can be packaged into services such as weather forecasts (produced up to 14 days in 

112 advance), sub-seasonal forecasts (between 3-12 weeks in advance), seasonal forecasts (3-12 

113 months in advance) and climate forecasts (for years, decades and centuries in advance) for early 

114 warning and adaptation [10, 11]. Most health systems decisions are made at seasonal to annual 

115 timescales and therefore must be matched with weather and climate timescales to be valuable 

116 [9]. For public health nutrition practitioners working within health facilities and communities, 

117 weather forecasts and early warning systems (at sub-seasonal and seasonal timescales) would be 

118 most useful in ensuring resources are available (i.e., stockpiles of therapeutics, capacity of health 

119 workforce), as well as, targeting vulnerable populations with preventative nutrition interventions. 

120 However, because malnutrition is both a cause and consequence for other diseases, such as 

121 infectious diseases, nutrition interventions are often delivered through multi-sectoral approaches 

122 [12]. Until now, national meteorological and hydrological agencies have mostly operated 

123 separately from ministries and organizations that deliver nutrition.

124

125 To address this gap, there is a need to understand what climate information services currently 

126 exist to prepare public health nutrition practitioners, how these could be strengthened and 

127 tailored for specific climate hazards and more effectively linked to the delivery of essential 

128 nutrition interventions. To our knowledge, no synthesis exists at the intersection of climate and 

129 nutrition in this manner and therefore a scoping review is most appropriate to explore current 

130 evidence, provide direction to future research priorities and implications to policy and practice. 

131 The aim of this scoping review is to identify country-level efforts that have integrated climate 

132 information services as an adaptation for nutrition programming. More specifically, the 

133 objectives of this review are to:

134

135 1. Identify current country examples of climate information services into health systems 

136 decision-making process for nutrition program delivery within health facilities and 

137 communities;
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138 2. Propose direct and indirect health system nutrition intervention packages that help to 

139 improve short-term targeting and timing; and

140 3. Suggest recommendations that inform national and regional health strategies and 

141 investments for long-term nutrition adaptation planning and preparedness.

142

143 Methods

144

145 Conceptual Framing

146

147 To guide the selection of studies, we developed a conceptual framework that illustrates how 

148 climate information services may be used to inform nutrition programming (Fig 1). The 

149 conceptual framework is made up of four stages connected by four elements (integration, 

150 investment, implementation and insights). Stage 1 includes using climate information to develop, 

151 strengthen and utilize climate information services that are relevant for nutrition. Stage 2 

152 integrates climate information services into nutrition decision-making, including identifying 

153 direct and indirect health or other sectoral interventions affecting nutrition as illustrated by Keats 

154 and colleagues [13]. Direct health-care sector nutritional interventions include food and 

155 micronutrient supplementation, breastfeeding support, complementary feeding, treatment and 

156 management of acute malnutrition, anaemia treatment, and promotion of healthy diet and 

157 physical activity during childhood and adolescence. Indirect health-care sector nutritional 

158 interventions were considered family planning and reproductive health services, disease 

159 prevention and management strategies (including infectious, vector-borne, and water-borne 

160 diseases), and maternal mental health support. Other sectoral strategies directly affecting 

161 nutrition include fortification (staple foods, condiments, and agronomic), nutritional 

162 interventions in schools, nutrition in emergency programmes, mass and social media messaging, 

163 policies to reduce prices or increase access to nutritious and diverse foods, policies limiting 

164 marketing of unhealthy foods and breast milk substitutes, and promotion of healthy diets and 

165 age-appropriate complementary feeding in social protection programmes. Other sectoral 

166 strategies indirectly affecting nutrition include efforts to ensure household food security, poverty 

167 alleviation strategies, women’s empowerment, child protection and support services, universal 

168 education with a gender focus, early child stimulation, water, sanitation and hygiene, food safety 
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169 and sugar-sweetened beverage taxes. Stage 3 scales-up investments to develop adaptation plans 

170 of key essential nutrition interventions and key actions across the building blocks for nutrition, 

171 which are adapted from the operational framework for climate resilient and low carbon health 

172 systems illustrated by the World Health Organization (WHO) [14]. Stage 4 implements these 

173 plans, monitors and evaluates the effectiveness of these interventions and provides insights to 

174 refine climate information services.

175

176 Search Strategy

177

178 The proposed scoping review was conducted in accordance with the Joanna Briggs Institute 

179 methodology for scoping reviews. The search strategy aimed to locate both published and 

180 unpublished studies. An initial limited search of PubMed, Web of Science and Scopus was 

181 undertaken to identify articles on the topic. The text words contained in the titles and abstracts of 

182 relevant articles, and the index terms used to describe the articles were used to develop a full 

183 search strategy for (Supplementary Tables 1.1-1.3). The search strategy, including all identified 

184 keywords and index terms, and was adapted for each included database and/or information 

185 source. The reference list of all included sources of evidence was screened for additional 

186 studies. Studies published in any language and published since January 1, 2000 until April 1, 

187 2024 were included. 

188

189 Unpublished Studies and grey literature were searched from the following sources: Alliance for 

190 Transformation Action on Climate and Health; Asian Development Bank; Emergency Nutrition 

191 Network; High Level Panel of Experts on Food Security and Nutrition; Intergovernmental Panel 

192 on Climate Change; International Initiative for Impact Evaluation; Lancet Countdown to Climate 

193 and Health (2016-2023); Stronger Foundations for Nutrition; World Bank Open Knowledge 

194 Repository; World Health Organizations; SPEI Global Drought Monitor & Laboratory of 

195 Climate Services and Climatology; Famine Early Warning Systems Network; Intergovernmental 

196 Authority on Development Climate Predication and Applications Centre; and World Food 

197 Programme (WFP).

198

199 Eligibility Criteria 
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200

201 We included studies or reports where the implementation of nutrition policies and/or 

202 programming was informed by climate services. Therefore, only studies which completed all 

203 four stages of our conceptual framework were included in this review. Studies were excluded if 

204 no climate service was mentioned explicitly or the application of these services for nutrition were 

205 planned, but never executed. We included vulnerable population groups that have been targeted 

206 by nutrition policies and/or received any nutrition programming informed by climate services. 

207 These included women of reproductive age, pregnant and lactating women, children under-5 

208 years, school-aged children and adolescents. In addition, we included studies that examined the 

209 use of climate information services to inform nutrition policies and programming implemented in 

210 low- and middle-income countries (LMICs), as defined by the World Bank Group [15]. Regional 

211 classifications followed the WHO’s criteria [16]. We considered randomized controlled trials, 

212 quasi-experimental studies, descriptive observational study designs including ecological, case 

213 series, individual case reports and descriptive cross-sectional studies for inclusion. Qualitative 

214 studies were also considered that focus on qualitative data including, but not limited to, designs 

215 such as qualitative description, and action research. Modelling studies, commentaries, 

216 viewpoints, abstracts, conference proceedings were excluded.

217

218 Study Selection

219

220 Following the search, all identified citations were collated and uploaded into Covidence and 

221 duplicates removed. Titles and abstracts were screened by one or more independent reviewers for 

222 assessment against the inclusion criteria for the review. The full texts of selected citations were 

223 assessed in detail against the inclusion criteria by one or more independent reviewers. Reasons 

224 for exclusion of sources of evidence at full text that did not meet the inclusion criteria were 

225 recorded and reported in the scoping review. The results of the search and the study inclusion 

226 process were reported in full in the final scoping review and presented in a Preferred Reporting 

227 Items for Systematic Reviews and Meta-analyses extension for scoping review flow diagram 

228 (Fig 2).

229

230 Data Extraction
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231

232 Data was extracted from papers by one or more independent reviewers using a data extraction 

233 tool developed by the reviewers. The data extracted included specific details about the 

234 participants, concept, context, study methods and key findings relevant to the review question/s 

235 (Supplemental File). Any disagreements that arose between the reviewers was resolved through 

236 discussion, or with an additional reviewer/s. 

237

238 Data Analysis

239

240 The charted data was analyzed descriptively, using tabulations or graphs where appropriate, in 

241 order to present a synthesis of key findings according to the scoping review objectives. The 

242 narrative synthesis of the extracted data was based on a number of characteristics, including 

243 geographic location of studies, types of climate adaptation approaches and entry points for 

244 nutrition. Findings were organized to align with the four major classifications and their 

245 respective interventions outlined in the Keats and colleagues framework for effective nutrition 

246 interventions [17], which were namely 1) direct health-care sector nutritional interventions, 2) 

247 indirect health-care sector nutritional interventions, 3) other sectoral strategies directly affecting 

248 nutrition, and 4) other sectoral strategies indirectly affecting nutrition. Although this framework 

249 currently does not include education and infrastructure, we included these under other sectoral 

250 strategies indirectly affecting nutrition given our findings indicated these programs shared 

251 similar intentions to improve nutrition outcomes among affected populations from alternative, 

252 non-health-care sectors. Country-level programs which included multiple interventions from 

253 across the four classifications were considered multi-component. We followed PRISMA-ScR 

254 guidelines to report our findings.

255

256 Results

257

258 The search retrieved a total of 12,657 records, which comprised of 6,908 peer-reviewed, 5,721 

259 grey literature, and 28 from reference snowballing. A total of 1,907 duplicate records were 

260 removed and 5,001 records underwent title and abstract screening for articles from databases 

261 while 5,749 grey literature documents were retrieved. Among the peer-reviewed records, only 
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262 179 were eligible for full-text screening, whereby 169 records were ultimately excluded due to 

263 wrong intervention (no climate services) (n=88), wrong study design (not experimental or 

264 observational) (n=44), wrong outcomes (no nutrition or health policy, program, or intervention) 

265 (n=34), and wrong setting (not from LMICs) (n=3). Among the grey literature records, only 194 

266 were assessed for eligibility, whereby 156 records were excluded due to wrong intervention (no 

267 climate services) (n=107) and wrong outcomes (no nutrition or health policy, program, or 

268 intervention) (n=49). A total of 48 records (10 peer-review and 38 grey literature) were included 

269 in this review, which represent a total of 67 country-level programs [8, 18-64].

270

271 Study design and population

272

273 The majority of included studies were program descriptions, without evaluations (n=25), while 

274 the remaining were program evaluations (n=5), observational, such as cross-sectional and cohort 

275 studies (n=7), quasi-experimental (n=3), and one review which compiled datasets from surveys, 

276 field observations, and prior research to evaluate the implementation and effectiveness of a 

277 program. These studies lacked both quantitative and qualitative data, which prevented any formal 

278 meta- or thematic analysis from being conducted. 

279

280 Study settings

281

282 Most studies used climate-information to inform country-level nutrition and health programs in 

283 the African Region (n=38). The remaining studies discussed initiatives in the following regions: 

284 South-East Asian Region (n=10), Region of the Americas (n=9), Western Pacific Region (n=8), 

285 Eastern Mediterranean Region (n=1), and the European Region (n=1). A total of 37 different 

286 countries were represented within these regions and most studies discussed initiatives in 

287 Bangladesh (n=7), Somalia (n=6), and Madagascar (n=5). 

288

289 Types of climate information services

290

291 Table 1 provides a summary of the various types of climate information services used to prepare 

292 for particular climate-related hazards, namely floods, drought, heatwaves, cold waves, storms 
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293 (i.e., cyclones, hurricanes), and other (i.e., landslides and vector-borne diseases) by country. 

294 Climate information services which have been used monitor and forecast multiple climate-

295 related hazards are also included. It is important to note that identifying forecast timescales used 

296 for these climate services proved difficult as some program records were unclear with the scope 

297 and frequency by which climate information was utilized to inform a particular nutrition policy 

298 and/or program. However, we indicate the most implied timescales used for each hazard below.
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299 Table 1. Climate-Informed Nutrition Programs by Country
300

Country 
(Year of Program 
Implementation)

Climate Event 
(Forecast Timescale) 

Climate Information Service 
(Level of Implementation)

Program Name 
(Key Nutrition Actors)

Program Component(s)

Bangladesh Flood Forecasting and Warning Centre 
(FFWC) (National)

Anticipatory Action, Forecast-based 
Financing (WFP and IFRC)

Household food security; poverty 
alleviation; WASH

Government of Bangladesh’s Early Warning System 
(National)

Anticipatory Action, Forecast-based 
Financing (WFP)

Poverty alleviation

Bahadurabad Gauging Station Forecast Models 
(Local)

Anticipatory Action (UN, WFP, 
IFRC, and Bangladesh Red Crescent 
Society)

Poverty alleviation; WASH

The Bangladesh Meteorological Department (BMD), 
the European Centre for Medium-Range Weather 
Forecasts (ECMWF), and the Global Forecast System 
(GFS) (Global, regional, national)

Anticipatory Action (WFP) Poverty alleviation

Floods (short-term to 
sub-seasonal)

Global Flood Awareness System (GloFAS) and 
Flood Forecasting and Warning Center (FFWC) 
(Global)

Anticipatory Action (WFP) Family planning and reproductive 
health services; Poverty alleviation; 
WASH

Multi-Hazard - floods 
and drought (sub-
seasonal and seasonal)

Global Flood and Drought Monitor (Global) Food for Peace and SHOUHARDO II 
Program (CARE Bangladesh)

Disease prevention and management; 
Nutrition in emergencies; Household 
food security; poverty alleviation; 
women's empowerment; 
infrastructure

Bangladesh (2014, 
2020, 2023, 2024)
[24, 35, 43, 44, 48, 52, 
55]

Multi-hazard - floods 
and storms (cyclones) 
(all time-scales)

Bangladesh Meteorological Department (BMD) 
(National)

Anticipatory Action (WFP) Poverty alleviation

Barbados (NR)
[25]

Other – arbovirus 
(seasonal)

Caribbean Institute for Meteorology and Hydrology 
(CIMH), the technical arm of the Caribbean 
Meteorological Organization (CMO) (Regional)

Arbovirus Control Program Disease prevention and management; 
WASH; education

Botswana (2006) 
[8]

Other – malaria 
(seasonal)

Malaria early warning system (MEWS) (national) Roll Back Malaria Partnerships and 
National Malaria Control Programme

Disease prevention and management 
(malaria)

Floods (short-term) Burundi Hydrometeorological Department (known in 
French as Institut Géographique du Burundi 
(IGEBU)) (National)

Anticipatory Action (WFP, Burundi 
Red Cross)

Poverty alleviationBurundi (2023)
[44, 46, 60]

Multi-Hazard - floods 
and drought (all time-
scales)

Geographical Institute of Burundi (known in French 
as Institut Géographique du Burundi or IGEBU) and 
the Inter-Governmental Authority on Development 

Anticipatory Action (WFP) Poverty alleviation
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(IGAD) Climate Prediction and Applications Centre 
(ICPAC) (Regional, national)

Other - vector-borne 
disease (seasonal)

Department of Preventive Medicine, Ministry of 
Health (DPM) (National)

Vector Control Program Disease prevention and managementCambodia (2011, 2020-
2021)
[32, 49, 64] Multi-hazard - floods 

and storms
WFP's Platform for Real-time Impact and Situation 
Monitoring (PRISM) (Global)

Anticipatory Action (WFP) Poverty alleviation

Chad (2019-2023)
[20]

Other – malaria (short-
term)

NASA Geospatial Interactive Online Visualization 
ANd aNalysis Infrastructure (GIOVANNI) (Global)

National Strategic Plans (PSN) + 
Seasonal Malaria Chemoprevention 
(SMC) Program 

Disease prevention and management

Dominica (NR)
[25]

Other – arbovirus 
(seasonal)

Caribbean Institute for Meteorology and Hydrology 
(CIMH), the technical arm of the Caribbean 
Meteorological Organization (CMO) (Regional)

Arbovirus Control Program Disease prevention and management; 
WASH; education

Dominican Republic 
(2022) 
[38]

Multi-hazard - floods 
and storms-cyclones (all 
time-scales)

National Meteorological Office (known in Spanish as 
Oficina Nacional de Meteorología or ONAMET) and 
the National Institute of Hydraulic Resources (known 
in Spanish as Instituto Nacional de Recursos 
Hidráulicos or INDHRI) (National)

Anticipatory Action (WFP) Poverty alleviation

Climate Information and Assets for Resilience in 
Ethiopia (CIARE) via Building Resilience and 
Adaptation to Climate Extremes and Disasters 
(BRACED), National Meteorology Agency 
(National)

Productive Safety Net Programme 
(PSNP) (National Meterology 
Agency, Met Office (UK), Action 
Aid Ethiopia, Chistian Aid, BBC 
Media Action, King’s College 
London)

Nutrition in emergency programmes; 
Household food security; poverty 
alleviation; WASH

The Somali Region Disaster Risk Management 
Bureau (SRDRMB), and the Ethiopian 
Meteorological Institute (EMI) (National)

Anticipatory Action, Forecast-based 
Financing (WFP Ethiopia)

Poverty alleviation

Drought (all time-
scales)

Ethiopian Meteorological Institute (EMI) (National) Anticipatory Action (WFP) Poverty alleviation; WASH

Ethiopia (2010, 2016, 
2021, 2022)
[26, 37, 38, 50, 62, 63] 

Other – malaria (sub-
seasonal to seasonal)

National Meteorological and Hydrological Services 
through the Enhancing National Climate Services 
(ENACTS) initiative and the Climate Prediction 
Center (CMAP) (Regional)

Roll Back Malaria (RBM) 
Partnership, including National 
Malaria Control Programs

Disease prevention and management

Fiji National Disaster Management Office (NDMO) 
(National)

Sexual and Reproductive Health in 
Crisis and Post-Crisis Situations 
(SPRINT) Initiative & Minimum 
Initial Service Package (MISP) for 
Sexual and Reproductive Health in 
Crisis Situations

Family planning & reproductive 
health services; disease prevention 
and management; mental health 
support; WASH 

Fiji (2007, 2023)
[19, 47]

Storms – cyclones 
(short-term)

Fiji Meteorological Service and Nadi’s Regional 
Specialised Meteorological Centre (RSMC) 
(National)

Anticipatory Action (WFP Fiji) Poverty alleviation

Ghana (2010)
[26] 

Other – malaria (sub-
seasonal to seasonal)

National Meteorological and Hydrological Services 
through the Enhancing National Climate Services 

Roll Back Malaria (RBM) 
Partnership, including National 
Malaria Control Programs

Disease prevention and management

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


13

(ENACTS) initiative and the Climate Prediction 
Center (CMAP) (Regional)
National Meteorological Agency of the Government 
of Guatemala (INSIVUMEH) and FEWSNET 
(Global and National)

Anticipatory Action (WFP) Poverty alleviation; WASH Guatemala (2023) 
[42, 44]

Drought (all time-
scales)

National Institute of Seismology, Volcanology, 
Meteorology and Hydrology (known in Spanish as 
the Instituto Nacional de Sismología, Vulcanología, 
Meteorología e Hidrología or INSIVUMEH) 
(National)

Anticipatory Action (WFP) Nutrition in emergency programmes; 
Poverty alleviation; education

Floods (all time-scales) Government of Haiti (National) Anticipatory Action (WFP) Poverty alleviationHaiti (2023)
[39, 44]

Multi-Hazard - floods, 
storms-cyclones (all 
time-scales)

National Hydrometeorological Service (known in 
French as Unité Hydro-Météorologique d’Haïti or 
UHM) (National)

Anticipatory Action (WFP) Poverty alleviation

Ending Drought Emergency (EDE) and the National 
Drought Management Authority (NDMA) (National)

High impact nutrition interventions 
(HINI) and Surge Program 
(Emergency Nutrition Network)

Treatment and management of acute 
malnutrition; food supplementation; 
Health services; Nutrition in 
emergency programmes; Household 
food security; poverty alleviation; 
education

Kenya (2016)
[21, 29]

Drought (sub-seasonal 
to seasonal)

Famine Early Warning Systems Network (FEWS 
NET) (Global)

Food For Peace (FFP) Response Treatment and management of acute 
malnutrition; food supplementation; 
Nutrition in emergency programmes; 
Household food security; poverty 
alleviation

Kyrgyz Republic (2017)
[28]

Other – landslides (all 
time-scales

Ministry of Emergency Situation’s (MES) 
Department for Monitoring and Forecasting 
(National)

National-level State System for Civil 
Protection (SSCP) (Asian 
Development Bank)

Nutrition in emergency programs; 
poverty alleviation; infrastructure; 
education

Floods (all time-scales) National Early Warning Unit (NEWU) (National) Post-Disaster National Emergency 
Response (United Nations)

Disease management;  Nutrition in 
emergency programs; Poverty 
alleviation; WASH; education

Lesotho Meteorological Services (LMS) (National) Anticipatory Action (WFP) Poverty alleviation; WASH

Lesotho (2011, 2023)
[30, 41, 44]

Drought (sub-seasonal 
to seasonal) Lesotho Meteorological Services (LMS) (National) Anticipatory Action (WFP) Poverty alleviation

Information System on Food Security and 
Vulnerability (SISAV), Crop and Food Security 
Assessment Mission (CFSAM) and the Integrated 
Phase Classification (IPC) (National and Global)

Early Warning, Early Action (FAO) Poverty alleviationMadagascar (2010, 
2017, 2022, 2023)
[26, 33, 38, 41, 44, 51]

Drought (all time-
scales)

National Disaster Management Agency (known in 
French as Bureau National de Gestion des Risques et 
des Catastrophes or BNGRC) and National 

Anticipatory Action (WFP) Poverty alleviation
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meteorological agency (known in French as Direction 
Général de la Météorologie or DGM) (National)
General Direction of Meteorology (Direction 
Générale de la Météorologie – DGM) (National)

Anticipatory Action (WFP) Poverty alleviation; WASH

Multi-Hazard - drought 
and storms-cyclones (all 
time-scales)

National Meteorological Agency (known in French as 
Direction Generale de la Meteorologie or DGM) 
(National)

Anticipatory Action (WFP) Poverty alleviation

Multi-Hazard - floods, 
droughts, heatwaves, 
storms (seasonal)

Multi-hazard early warning system (MHEWS) 
(National)

Disaster Response (Malagasy Red 
Cross)

Disease prevention and management; 
Nutrition in emergency programmes; 
Poverty alleviation; WASH; 
infrastructure

Other – malaria (sub-
seasonal to seasonal)

National Meteorological and Hydrological Services 
through the Enhancing National Climate Services 
(ENACTS) initiative and the Climate Prediction 
Center (CMAP) (Regional)

Roll Back Malaria (RBM) 
Partnership, including National 
Malaria Control Programs

Disease prevention and management

Floods (Seasonal) Unspecified Local Government Agencies (Local) Anticipatory Action (WFP) Disease prevention and managementMalawi (2018, 2023)
[33, 56]

Multi-Hazard - floods, 
droughts, heatwaves, 
storms (seasonal)

Multi-hazard early warning system (MHEWS) 
(National)

Disaster Response (Government’s 
Department of Climate Change and 
Meteorological Services, Malawi Red 
Cross Society, and Danish Red Cross)

Disease prevention and management; 
Nutrition in emergency programmes; 
Poverty alleviation; WASH; 
infrastructure

Mali (2010)
[26] 

Other – malaria (sub-
seasonal to seasonal)

National Meteorological and Hydrological Services 
through the Enhancing National Climate Services 
(ENACTS) initiative and the Climate Prediction 
Center (CMAP) (Regional)

Roll Back Malaria (RBM) 
Partnership, including National 
Malaria Control Programs

Disease prevention and management

Cold waves – dzud 
(seasonal)

National Agency for Meteorology and Environmental 
Monitoring (NAMEM) (National)

Forecast-based Financing and Early 
Warning, Early Action (Red Cross, 
Red Crescent, FAO)

Nutrition in emergency programmes; 
Poverty  alleviation

Mongolia (2011, 2016-
2017)
[49, 53, 64]

Other - vector-borne 
disease (seasonal)

National Centre of Infectious Diseases with Natural 
Foci, Ministry of Health (NCIDNF) (National)

Vector Control Program Disease prevention and management

National Early Warning System via National Disaster 
Risk Management institute (INGD), the National 
Meteorological Institute (INAM) and the Ministry of 
Agriculture (MADER) (National)

Cash Transfer Program (WFP and 
HelpAge International)

Poverty alleviationDrought (sub-seasonal 
to seasonal)

European Centre for Medium-Range Weather 
Forecasts (ECMWF) (Regional)

Anticipatory Action (National 
Institute for Disaster Management 
and Risk Reduction (Instituto 
Nacional de Gestão e Redução do 
Risco de Desastres -INGD))

Poverty alleviation; WASH

Mozambique (2018-
2019, 2023)
[33, 34, 41, 44, 59]

Multi-Hazard - floods, 
droughts, heatwaves, 
storms (seasonal)

Multi-hazard early warning system (MHEWS) Disaster Response (National Institute 
for Disaster Risk Management and 
Reduction and WFP)

Disease prevention and management; 
Nutrition in emergency programmes; 
Poverty alleviation; WASH; 
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infrastructure
Multi-Hazard - floods, 
drought, storms-
cyclones (all time-
scales)

National Institute of Meteorology (known in 
Portuguese as Instituto Nacional de Meteorologia or 
INAM), Water Resources Management Directorate 
(known in Portuguese as Direcção Nacional de 
Gestão de Recursos Hídricos or DNGRH) and South 
African Weather Services (SAWS) (Regional, 
National)

Anticipatory Action (WFP) Poverty alleviation

Namibia (2006)
[8]

Other – malaria 
(seasonal)

Malaria early warning system (MEWS) (national) Roll Back Malaria Partnerships and 
National Malaria Control Programme

Disease prevention and management 
(malaria)

Department of Hydrology and Meteorology (DHM) 
and OCHA Centre for Humanitarian Data (National)

Anticipatory Action (WFP) Poverty alleviationNepal (2022)
[38, 45]

Floods (all time-scales)

Climate Risk Index (Global) Anticipatory Action, Forecast-based 
Financing (WFP, UN Women, 
UNFPA, UNRCO, CERF, GFFO)

Family planning and reproductive 
health; mental health support; 
Nutrition in emergency programmes; 
Poverty alleviation

Nicaragua (NR)
[50]

Drought (seasonal) Centro Humboldt (Regional) Participatory Vulnerability and 
Capacity Assessments (PVCA) 
Action Plans

Nutrition in emergency programmes; 
Household food security; poverty 
alleviation; WASH

Niger (2022)
[38]

Drought (all time-
scales)

National Meteorological Services (known as 
Direction de la Météorologie Nationale du Niger or 
DMN) and the Agrhymet Regional Centre (known in 
French as Centre Régional Agrhymet or CRA) 
(Regional, National)

Anticipatory Action (WFP) Poverty alleviation; WASH

Pakistan (2015)
[27]

Floods (All time-scales) Pakistan Meteorological Department (PMD) 
(National)

Basic Humanitarian Package as part 
of the Responding to Natural 
Disasters in Pakistan (2015– 2019) 
program (ACTED)

Nutrition in emergency programs; 
Poverty alleviation; WASH

Papua New Guinea 
(2011)
[49, 64]

Other - vector-borne 
disease (seasonal)

National Department of Health (NDOH) (National) Vector Control Program Disease prevention and management

Peru (2012)
[18]

Cold waves (short-term) Peruvian Hydrological and Meteorological Service 
(SENAMHI) (National)

Forecast-based Financing (FbF) via 
Early Action Protocol (EAP) 
(Peruvian Red Cross and German Red 
Cross)

Household food security; poverty 
alleviation 

Other – malaria (sub-
seasonal to seasonal)

National Meteorological and Hydrological Services 
through the Enhancing National Climate Services 
(ENACTS) initiative and the Climate Prediction 
Center (CMAP) (Regional)

Roll Back Malaria (RBM) 
Partnership, including National 
Malaria Control Programs

Disease prevention and managementRwanda (2005, 2010)
[22, 26] 

Multi-Hazard - floods 
and drought (all time-
scales)

Meteorological Department in the Rwanda Ministry 
of Natural Resources (National)

Partners in Health (PIH) Catchment Disease prevention and management; 
nutrition in emergency programmes; 
Poverty alleviation, WASH; 
infrastructure, education,
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Floods (short-term) Global Horn of Africa Climate Outlook Forecast 
(GHACOF), the Somalia Water and Land 
Information Management’s Flood and Response 
Information Management System (SWALIM-
FRRIMS), the Geospatial Streamflow Forecast 
Model (GeoSFM) run by the IGAD Climate 
Prediction and Application Center (ICPAC) 
(Regional, national)

Flood Anticipatory Action (Somalia 
Disaster Management Agency)

Treatment and management of acute 
malnutrition; maternal and child food 
supplementation; food fortification; 
nutrition in emergency programmes; 
poverty alleviation; education

Famine Early Warning Systems Network (FEWS 
NET) (Global)

Food For Peace (FFP) Response Treatment and management of acute 
malnutrition; food supplementation; 
Nutrition in emergency programmes; 
Household food security; poverty 
alleviation 

European Centre for Medium-Range Weather 
Forecasts (ECMWF) (Regional)

Anticipatory Action (WFP) Poverty alleviation

Drought (sub-seasonal 
to seasonal)

Famine Early Warning Systems Network (FEWS 
NET) (Global)

Humanitarian assistance (unspecified) Micronutrient supplementation; 
Disease prevention and management 
(measles, cholera, infections); 
Nutrition in emergency programmes; 
Household food security; poverty 
alleviation

Geospatial Streamflow Forecast Model (GeoSFM), 
run by the IGAD Climate Prediction and Application 
Center (Regional)

Anticipatory Action via Baxnaano 
National Safety Net (WFP)

Treatment and management of acute 
malnutrition; maternal and child food 
supplementation; nutrition in 
emergency programmes; nutrition in 
schools; poverty alleviation

Somalia (2017, 2020, 
2022, 2023)
[21, 31, 38, 40, 44, 46, 
57, 58, 61]

Multi-Hazard - floods 
and drought (all time-
scales)

Somalia Water and Land Information Management’s 
Flood and Response Information Management 
System (SWALIM – FRRIMS) and the Geospatial 
Streamflow Forecast Model (GeoSFM) run by the 
Inter-Governmental Authority on Development 
(IGAD) Climate Prediction and Applications Centre 
(ICPAC) (Regional, national)

Anticipatory Action (WFP) Treatment and management of acute 
malnutrition; nutrition in emergency 
programmes; poverty alleviation

South Africa (2006)
[8]

Other – malaria 
(seasonal)

Malaria early warning system (MEWS) (national) Roll Back Malaria Partnerships and 
National Malaria Control Programme

Disease prevention and management 
(malaria); education

Tanzania (2010)
[26]

Other – malaria (sub-
seasonal to seasonal)

National Meteorological and Hydrological Services 
through the Enhancing National Climate Services 
(ENACTS) initiative and the Climate Prediction 
Center (CMAP) (Regional)

Roll Back Malaria (RBM) 
Partnership, including National 
Malaria Control Programs

Disease prevention and management

Timor-Leste (2023)
[33]

Multi-Hazard - floods, 
droughts, heatwaves, 
storms (seasonal)

Multi-hazard early warning system (MHEWS) 
(National)

Forecast-based Financing (FAO and 
Red Cross Climate Centre)

Poverty alleviation
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Tonga (2007)
[19]

Storms – cyclones (sub-
seasonal to seasonal)

National Disaster Council (NDC) (National) Sexual and Reproductive Health in 
Crisis and Post-Crisis Situations 
(SPRINT) Initiative & Minimum 
Initial Service Package (MISP) for 
Sexual and Reproductive Health in 
Crisis Situations

Family planning & reproductive 
health services; disease prevention 
and management; mental health 
support; WASH 

Floods (short-term) Global Flood Awareness System (GloFAS) and the 
European Commission and the European Centre for 
Medium-Range Weather Forecasts (ECMWF) 
(Global and Regional

Anticipatory Action - Forecast-based 
Financing (German Red Cross and 
Uganda Red Cross)

Disease prevention and management 
(diarrhea)

Uganda (NR, 2009)
[23, 54]

Other – malaria (short-
term and sub-seasonal)

Uganda National Meteorological Authority 
(National)

National Malaria Control Programme Disease prevention and management

Zambia (2010)
[26]

Other – malaria (sub-
seasonal to seasonal)

National Meteorological and Hydrological Services 
through the Enhancing National Climate Services 
(ENACTS) initiative and the Climate Prediction 
Center (CMAP) (Regional)

Roll Back Malaria (RBM) 
Partnership, including National 
Malaria Control Programs

Disease prevention and management

Drought (sub-seasonal 
to seasonal)

European Centre for Medium-Range Weather 
Forecasts (ECMWF) and the Meteorological Services 
Department (MSD) of Zimbabwe

Anticipatory Action (WFP) WASH; education; infrastructure

Other – malaria 
(seasonal)

Malaria early warning system (MEWS) (National) Roll Back Malaria Partnerships and 
National Malaria Control Programme

Disease prevention and management 
(malaria)

Zimbabwe (2006, 2021, 
2023)
[8, 36, 41, 44] 

Multi-Hazard - floods 
and drought (all time-
scales)

Zimbabwe Meteorological Services Department 
(MSD) (National)

Anticipatory Action (WFP) Poverty alleviation; WASH

301
302
303
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304 Out of all hazards, most climate information services were specifically used sub-seasonal to 

305 seasonal forecasts for vector-borne diseases, such as malaria and other arboviruses, across 17 

306 countries (Barbados, Botswana, Cambodia, Chad, Dominica, Ethiopia, Ghana, Madagascar, 

307 Mali, Mongolia, Namibia, Papua New Guinea, South Africa, Tanzania, Uganda, Zambia, and 

308 Zimbabwe. Drought-specific services (sub-seasonal to seasonal timescales) were identified in 10 

309 countries (Ethiopia, Guatemala, Kenya, Lesotho, Madagascar, Mozambique, Nicaragua, Niger, 

310 Somalia, and Zimbabwe). Flood-specific services were identified in 9 countries (Bangladesh, 

311 Burundi, Haiti, Lesotho, Malawi, Nepal, Pakistan, Somalia, and Uganda). Storm-specific 

312 services were found in 2 countries (Fiji and Tonga). Cold waves-specific services were also 

313 found in 2 countries (Mongolia and Peru). Interestingly, short-term forecast timescales were 

314 usually used to inform programming, most likely attributed to anticipated weather-related 

315 changes forecasted ahead of these hazards. Only one landslide-specific service was found in the 

316 Kyrgyz Republic, although landslides were mentioned in multi-hazard services in 4 countries 

317 (Madagascar, Malawi, Mozambique, and Timor-Leste). All forecast timescales (i.e., short-term, 

318 sub-seasonal, seasonal) were implied to be utilized for all related services. Likewise, no heat-

319 specific services used in conjunction with nutrition policies and/or programming were found in 

320 any studies from LMICs, although heatwaves were explicitly included in the same multi-hazard 

321 services.

322

323 Multi-hazard services were found in 11 countries (Bangladesh, Burundi, Cambodia, Dominican 

324 Republic, Haiti, Madagascar, Malawi, Mozambique, Rwanda, Somalia, Timor-Leste, 

325 Zimbabwe). The most common hazards monitored in combination at the country-level were 

326 floods and droughts (n=4) (Bangladesh, Burundi, Rwanda, Somalia, and Zimbabwe); floods and 

327 storms (n=4) (Bangladesh, Cambodia, Dominican Republic, and Haiti); and floods, landslides, 

328 droughts, heatwaves, and storms (n=4) (Madagascar, Mozambique, Malawi, Timor-Leste). The 

329 remaining hazard combinations were also found at the country-level in different records: 

330 droughts and storms (n=1) (Madagascar) and floods, droughts, and storms (n=1) (Mozambique). 

331 As hypothesized, multi-hazard services often use all timescales to anticipate climate events and 

332 inform nutrition programming.

333
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334 It is important to note that identifying forecast timescales used for these climate services proved 

335 difficult as some program records were unclear with the scope and frequency by which climate 

336 information was utilized to inform a particular nutrition policy and/or program. However, we 

337 indicate the most implied timescales used for each hazard in Table 1. The most common 

338 timescales were seasonal (n=20) and all (i.e., short-term, sub-seasonal, seasonal) (n=20). 

339 Seasonal timescales were mostly used for services informing vector-born disease programs 

340 whose interventions were often implemented based on perceived seasonal changes to 

341 susceptibility and transmission. In contrast, the use of all timescales was often part of multi-

342 hazard services which needed to account for various climate events. Short-term forecasts (n=12) 

343 were also identified, primarily to relay weather-related information (i.e. days in advance) ahead 

344 of floods, storms and cold waves. Timescale ranges were also found for short to sub-seasonal 

345 forecasts (n=2) and sub-seasonal to seasonal (n=7) forecasts, primarily to analyze multilayered 

346 indices for droughts. No timescale information could be confirmed for the remaining six country-

347 level programs.

348

349 Climate-informed nutrition and health programs

350

351 Of the 67 country-level programs, 42 were single-component [8, 18, 20, 23, 26, 32-35, 37-39, 

352 41-44, 46, 47, 49, 51, 52, 54-56] and 25 were multi-component [8, 19, 21, 22, 24, 25, 27-31, 33, 

353 40, 44-46, 48, 50, 53] nutrition programs (Fig 3). Only 14 country-level nutrition and health 

354 programs [20, 22-24, 29-31, 40, 44-46, 50] explicitly indicated a focus on women and children, 

355 while the remaining programs were more generalized and implemented among populations 

356 impacted by climate-related hazards. 

357

358 Single-component programs

359

360 Among the single-component initiatives, no programs were found to implement direct health and 

361 other sector nutrition interventions alone. However, a total of 11 country-level programs 

362 implemented indirect health sector nutrition interventions, entirely comprised of disease 

363 prevention and management for malaria, arbovirus, cholera, and diarrhea. Particular activities 

364 within these interventions included, but were not limited to, campaigns for routine long-lasting 
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365 insecticidal nets, indoor residual spraying, mass chlorination of water sources, and distribution of 

366 water purification tablets. The remaining single-component programs (n=31) implemented other 

367 sectoral strategies indirectly affecting nutrition, which comprised of the following interventions: 

368 poverty alleviation (n=30), water, sanitation, and hygiene (WASH) (n=10), household food 

369 security (n=2), education (n=1), and infrastructure (n=1). Poverty alleviation comprised the 

370 majority with anticipatory cash transfers and food vouchers ahead of climate-related hazards as 

371 common activities. WASH activities included the distribution of hygiene and dignity kits, 

372 provision of safe water, and the rehabilitation of water systems through reservoirs, boreholes and 

373 catchments. Similarly, infrastructural interventions included the construction of solar-powered 

374 boreholes and re-construction of damaged access points.

375

376 Notable single-component programs which showed positive benefits to nutrition were mostly 

377 due to proactive cash transfers ahead of forecasted climate-related hazards as a poverty 

378 alleviation (indirect other sector nutrition) intervention. These interventions were associated with 

379 three main programs titled Anticipatory Action (AA), Forecast-based Financing (FbF), or Early 

380 Warning, Early Action (EWEA), which are often used synonymously and all use climate 

381 information services to monitor and detect pre-agreed forecast thresholds set by respective 

382 governments and donors (i.e., United Nations Member States, international organizations, private 

383 sector, and philanthropists). Once thresholds are met, pre-pooled financing is distributed ahead 

384 of a forecasted climate-related hazard to vulnerable households with the intention of maintaining 

385 food security and building resilience to climate shocks. These proactive cash transfers have 

386 shown success in several impact evaluations conducted in Bangladesh, Madagascar, Malawi, 

387 Nepal, Somalia, and Zimbabwe. In virtually all cases, proactive cash transfers led to higher food 

388 consumption and food diversity, including more protein, vegetables, and lipid-based foods. Not 

389 only were these populations more likely to maintain food security, but they presented higher 

390 resilience capacity scores, less psychosocial stress, and overall better coping to climate-related 

391 hazards [35, 38, 44].

392

393 Moreover, two disease prevention and management interventions (indirect health sector nutrition 

394 interventions) were also shown to be beneficial in Chad and Malawi. Chad’s bundled vector 

395 control plan was found to lower malaria transmission after implementing routine seasonal 
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396 malaria chemoprevention, long-lasting insecticide impregnated mosquito nets, and indoor 

397 residual spraying [20]. Likewise, Malawi found implementation of a mass water chlorination 

398 campaign ahead of a forecasted flood was most effective at preventing cholera incidence and 

399 curbing the burden among affected populations [56]. 

400

401 Multi-component programs

402

403 The following multi-component programs were found in the literature for direct health sector 

404 nutrition interventions: food supplementation (n=5), and micronutrient supplementation (n=1). 

405 This included ready-to-use supplementary foods and the distribution of vitamin A 

406 supplementation. For other sectoral strategies directly affecting nutrition, the following were 

407 included in these combinations: nutrition in emergency programmes (n=19), treatment and 

408 management of acute malnutrition (n=5), food fortification (n=1), in-school nutrition (n=1). 

409 These was primarily implemented in the form of food aid, which included ready-to-use 

410 therapeutic foods, fortified biscuits and school meals. Compared to the single-component 

411 programs, additional indirect health sector interventions were also found in the search: disease 

412 prevention and management (n=12); family planning and reproductive health, such as primary 

413 care initiatives for women of reproductive age and expecting mothers (n=4); and maternal mental 

414 health support, such as psychosocial counselling (n=3). Similar to the single-component 

415 programs, the following interventions were identified for indirect other sector nutrition 

416 intervention: poverty alleviation (n=19), WASH (n=14), education through various health and 

417 nutrition community campaigns (n=9), infrastructure (n=6), household food security (n=5), and 

418 women’s empowerment through targeted initiatives to provide women more agency (n=1).

419

420 Notable multi-component programs which were beneficial in supporting nutrition were primarily 

421 found in Somalia. After the Famine Early Warning Systems Network (FEWS NET) had 

422 forecasted drought-related famine (IPC Phase 5 – Catastrophe) in 2022, humanitarian agencies 

423 implemented and coordinated a multi-component program with interventions from all sectors, 

424 including food aid, vitamin A supplementation, deworming tablets, mass vaccination for children 

425 for measles and cholera, WASH activities, and cash transfers. By 2023, FEWS NET had 

426 announced that famine was averted as a result of these measures, although acute food insecurity 
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427 across Somalia still remained high and varied between Crisis (IPC Phase 3) and Emergency (IPC 

428 Phase 4) depending on the region. Nonetheless, outreach was able to supply an average of over 

429 6.2 million people per month with food and over 2 million children were vaccinated against 

430 measles, provided with vitamin A, and treated with deworming tablets [31, 57, 58]. 

431

432 Moreover, Somalia’s AA plan was structured and deployed through their Baxnaano National 

433 Safety Net Program ahead of forecasted droughts between 2020 and 2023. This enabled affected 

434 populations to receive cash transfers through an existing and national-level social protection 

435 platform. In addition to integrated food assistance, prevention and treatment packages for acute 

436 malnutrition and in-school meals were coordinated by WFP and other local partners. While 

437 previous AA programs were developed for flood-prone countries, Somalia served as the first AA 

438 program which addressed impacts of drought and went beyond traditional financing to provide 

439 health care and nutrition sector-specific activities to further support food security among affected 

440 populations. After Somalia’s drought AA activation in 2022, approximately USD 2.7 million in 

441 cash transfers were distributed to over 200,000 people while 25,000 children (<5 years old) and 

442 pregnant and breastfeeding women and girls received specialized nutritious foods to treat acute 

443 malnutrition. Additional impact evaluations also indicated that Somalia’s AA recipients were 

444 less likely to resort to ‘crisis’ coping strategies, regardless of drought severity [44].

445

446 Discussion

447

448 This scoping review synthesized the use of climate information services to inform nutrition 

449 programming in LMICs, in advance of extreme weather and climate events. We find that most 

450 countries developed and used early warnings for floods and droughts, but to a lesser extent for 

451 extreme heat or cold wave events. As a result, the types of nutrition interventions deployed were 

452 largely outside of the direct health-care sector, including poverty alleviation, water, sanitation 

453 and hygiene activities, education or infrastructure. In addition, evaluations on the effectiveness 

454 of these interventions on nutrition outcomes in vulnerable groups was assessed up to one-year 

455 post-disaster. These evaluations indicated that early warnings had some success in ensuring 

456 healthy diets and reducing malnutrition, through the use of cash transfers. However, it is unclear, 

457 from this analysis, how the use of climate information services may improve nutrition in the 
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458 long-term, especially which interventions have the greatest benefit, their cost and potential 

459 barriers.

460

461 Importantly, the present study included large-scale climate information services that have been 

462 deployed in a number of countries by United Nations agencies such as WFP (AA and forecast-

463 based financing), United Nations Children’s Fund (Today and Tomorrow Initiative), as well as 

464 non-governmental organizations such as the International Federation of Red Cross and Red 

465 Crescent Societies (EWEA), Famine Early Warning Systems Network (International Food 

466 Security Phase Classification) and Start Network (Forecast-based Warning, Analysis, and 

467 Response Network). According to the State of Climate Services report, there have been 

468 significant efforts to develop and implement National Frameworks for Climate Services [65]. As 

469 of 2024, 98 countries have implemented a national framework, though significant gaps remain in 

470 recognizing the specific impacts of climate-related risks for children and women [65]. In 

471 comparison, the 2021 WHO health and climate change global survey reported progress 

472 governments have made in addressing the health risks of climate change, including the use of 

473 climate information services [66]. Their findings reveal that out of 70 countries with health 

474 surveillance systems, only 11% utilize climate information (short-term weather information, 

475 seasonal climate information or long-term climate information) for malnutrition and food-borne 

476 diseases and early warnings are in place for 12 countries (Azerbaijan, Bahrain, Cuba, Ethiopia, 

477 El Salvador, Germany, Israel, Madagascar, Marshall Islands, Netherlands, Palau and South 

478 Africa) [66].

479

480 In order to prioritize nutrition in the context of climate change, there are several actions that 

481 should be forefront in developing climate services, adaptation planning and decision-making. 

482 First, in understanding climate risks and vulnerabilities, as well as adaptation options, 

483 policymakers should adopt adaptation principles, such as those established by the Global 

484 Commission on Adaptation [67]. These principles ensure communities affected by climate 

485 change have a voice in the development of climate services and subsequent health system 

486 decisions by offering local, traditional, Indigenous, generational and scientific knowledge (Stage 

487 1 of conceptual framework) [68]. Second, climate-informed nutrition programs should be 

488 integrated and multi-sectoral in their response to multiple hazards (Stage 2 of conceptual 
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489 framework). This means that, across the disaster management cycle and humanitarian, 

490 development and peace nexus, multiple sectors, ministries and agencies, including health, social 

491 welfare and infrastructure, must be engaged in developing strategies, coordination and 

492 implementation plans, as well as robust monitoring and evaluation systems to ensure learning. 

493 Third, climate information services can be incorporated into multiple health system building 

494 blocks for nutrition (Stage 3 of conceptual framework). For example, these services can inform 

495 human, financial and material resources needed ahead of extreme weather and climate events to 

496 prevent, or at least mitigate, acute and imminent humanitarian impacts. Health facilities and 

497 communities can stock essential nutrition supplements and treatments such as oral rehydration 

498 salts, micronutrient supplements and ready-to-use therapeutic foods, as well as ensure public 

499 health nutrition practitioners undertake climate training to be better equipped to act. In addition, 

500 climate information services, if designed well, can help to ensure good service delivery of 

501 effective, safe and quality nutrition interventions to targeted communities by incorporating 

502 spatial risk assessments and pre-arranged financing for nutrition actions that can be quickly 

503 dispersed once certain early warning thresholds are met. Finally, refining climate services relies 

504 on nutrition surveillance data collected within health facilities, communities (e.g., schools) or 

505 feeding centers (e.g., community-based management of acute malnutrition) [69] (Stage 4 of 

506 conceptual framework). These data can help inform the short- and long-term effectiveness of 

507 climate services on the burden of malnutrition after extreme weather and climate events. 

508 Together, these proactive measures can ensure a resilient and sustainable health system for 

509 nutrition.

510

511 Implications for Future Research, Policy and Practice

512

513 Based on the findings of the present study, there are several research, policy and practice 

514 recommendations for the broader scientific community, governments, as well as non-

515 governmental organizations and civil society. First, to fill evidence gaps, there is urgency and 

516 opportunity for better integration of weather and climate information into health systems national 

517 decision-making and building preparedness capabilities at local levels to improve both short- and 

518 long-term nutrition outcomes. To make this possible, countries should adopt a standardized 

519 approach to enhance the development, delivery and use of climate information and services at a 
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520 national level. This means that we need a new architecture or a data ecosystem that facilitates 

521 continuous data sharing and surveillance, while bringing together multi-disciplinary expertise to 

522 better track climate hazards and nutrition vulnerabilities across sectors responsible for nutrition. 

523 This new architecture must go beyond utilizing a narrow set of climate indicators (i.e., 

524 precipitation and temperature) to monitor multiple extreme weather and climate events, such as 

525 floods and droughts, and consider filling evidence gaps related to extreme heat and cold. Second, 

526 in order for health systems to act on weather and climate information, there is a need for 

527 knowledge translation of climate information services to policymakers and practitioners, such 

528 that these services are understandable and interpretable, as well as integration of nutrition within 

529 climate adaptation commitments and plans (and vice versa) including sustainable financing 

530 mechanisms to ensure the adaptation and scale-up of nutrition interventions are appropriately 

531 resourced. Given this scenario, it is imperative for the nutrition community to support countries’ 

532 efforts to step up and renew financial commitments and at the same time make the investment 

533 case for nutrition adaptation within the climate agenda to leverage climate funds. Finally, there is 

534 a need to gain global consensus on recommended packages of nutrition interventions (within and 

535 outside of the health sector) for specific climate hazards (Table 2). 

536

537

538

539

540

541

542

543

544

545
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546 Table 2. Recommended nutrition intervention packages in preparation of extreme weather events
547 Italic text indicates interventions not found in the included studies of this review, but are supported by external evidence [70-81]
548

Climate 
Event

Direct Health Sector Indirect Health Sector Other Sectoral Strategies

Flooding Nutrition counselling including 
infant and young child feeding 
practices to mitigate 
undernutrition post-flood

Seasonal campaigns for vector- 
and water- borne disease 
prevention (handwashing, food 
and water storage, preparation) 

Distribution of health, hygiene, 
and dignity kits

Universal access to clean potable water and improved 
sanitation ensured, including wells/boreholes, water 
purification products, and mass chlorination 

Climate-resilient water and sanitation safety plans, including 
integrated water quality management and monitoring 

Provision of water, sanitation, and hygiene materials, 
including sanitation and hygiene kits

Drought Nutrition counselling

Food supplementation, including 
micronutrient, targeted and 
blanket supplementary feeding

Treatment and management of 
moderate and severe acute 
malnutrition using ready- use-
therapeutic- and supplementary-
foods

Community mass outreach 
screening and referrals

Deworming treatments

Mass vaccination (measles and 
cholera)

Emergency food distribution/aid, including food fortification 
(e.g., iodized salt or fortified cereals) to address nutrient 
deficiencies

Cash transfers, food vouchers, and cash-for-asset activities 
(forecast-based financing)

Rehabilitation and reconstruction of water systems, including 
access to safe water via boreholes and catchments 

Community campaigns to improve safe water access and 
storage 

Heatwaves Oral rehydration salts to mitigate 
dehydration

Access to cooling and hydration centres, including delivery 
of potable water to households (i.e., self-dousing, 
consuming, ice towels, water sprays, cooling/misting fans) 
for electrolyte supplementation
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Infrastructural changes, such as increasing green space, 
community shading zones, and prioritizing heat-resistant 
materials

Educational interventions to improve knowledge and 
awareness of heat stress prevention strategies

Cold waves Nutrition counselling including 
infant and young child feeding 
practices to mitigate 
undernutrition

Food supplementation, including 
micronutrient, targeted and 
blanket supplementary feeding

Treatment and management of 
moderate and severe acute 
malnutrition using ready- use-
therapeutic- and supplementary-
foods

Mental health and psychosocial 
support and counselling

Emergency food distribution/aid, including food fortification 
(e.g., iodized salt or fortified cereals) to address nutrient 
deficiencies

Cash transfers, food vouchers, and cash-for-asset activities 
(forecast-based financing)

Provision of basic supplies (e.g., warm clothing and 
accessories, first aid kits) to prevent hypothermia

Destocking-for cash (particularly for pastoral and rural 
communities)

Infrastructural adaptations, including adequate insulation, 
weather stripping and improving heating systems

Increasing educational resources, including Social and 
Behavior Change campaigns to build climate awareness 

Snow-clearing and emergency service vehicles to transport 
vulnerable populations to health facilities

Storms Nutrition counselling including 
infant and young child feeding 
practices to mitigate 
undernutrition

Accessible medical services, 
including continued family 
planning, reproductive health, and 
neonatal care (e.g., medication, 
clean delivery kits)

Community campaigns to improve safe water access and 
storage 

Provision of water, sanitation, and hygiene materials, 
including water filters, handwashing devices, WASH kits, 
and water purification products 
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Mental health and psychosocial 
support and counselling Infrastructural restorations, rehabilitation and adaptations, 

including cleaning/disinfecting wells, roof reinforcements, 
and installing temporary facilities

Increasing educational resources, including social and 
behavior change campaigns to build awareness and providing 
supplies (e.g., tents, tarps, school and recreation kits, early 
childhood development kits, learning materials, blackboards 
and school tables)
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550 Strengths and Limitations

551

552 Despite the breadth and depth of literature examined, our review highlights a critical gap in the 

553 literature examining the use of climate information services and resulting impacts on nutrition. 

554 Although there is recognition amongst nutrition practitioners that climate change and variability 

555 will inevitably influence patterns of undernutrition and micronutrient deficiencies, effective 

556 coordination mechanisms between climate and nutrition spheres are conspicuously absent. 

557 Consequently, climate considerations remain largely peripheral to established nutrition 

558 frameworks, neither adequately incorporated into programming and policies nor subjected to 

559 systematic evaluation – a disconnect that undermines holistic approaches to addressing these 

560 intertwined challenges.

561

562 Conclusion

563

564 In summary, this synthesis identified a variety of country-level programs that bridge 

565 humanitarian, development and peace mandates in the context of climate change by aligning 

566 disaster risk reduction, preparedness, and anticipatory action, with emergency response, 

567 recovery, and sustainable reconstruction through build back better approaches. However, many 

568 of these programs delivered nutrition interventions that were indirect or outside the health sector, 

569 in preparation of floods and droughts. To integrate climate services and information activities for 

570 nutrition, cooperation and partnership between providers and users of climate information is 

571 required to ensure climate services are designed in response to the specific needs. These efforts 

572 can promote active knowledge sharing and the harnessing of data and scientific advances to 

573 better meet the climate information needs for public health nutrition preparedness.
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