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 Stunting affects 148.1 million childrenunder age 5 (22.3%)
 Complex multi-level causation ofundernutrition
 Climate change expected to impactundernutrition via multiple pathways,including changes in crop yields

Motivation
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Research objectives

21.8 % of children <5 are stunted40.1% of people live on < $1.90 a day80 % of the population is employed inagriculture

Assess the association between interannual food crop yieldvariation and child undernutrition in Burkina Faso

Quantify past and current impacts of climate change on theproduction of main crops in the country

Quantify past and current impacts of climate change onchild undernutrition via changes in crop yields in thecountry
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Data sources
> Climate data

- ATTRICI, ISIMIP3a simulation round
- temperature and precipitation re-analysisdataset: 20CRV3-ERA5
- Factual and counterfactual scenarios (Mengel,et. al, 2021)

> Crop yields data
- Annual harvest area and production data forsorghum, millet and maize from Burkina FasoMinistry of Agriculture and Hydro-AgriculturalDevelopment (MAAH); Provinces: 45; Timeperiod: 1984-2022

> Population data
- child anthropometry data [height, weight,age] (n= 29,837)
- 5 waves of the Burkina Faso DemographicHealth Surveys (1993, 1999, 2003, 2010,2021)
- Birth period: 1988-2021

Figure 1: Geographical location of DHS clusters forBurkina Faso by survey round
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Modelledyields
Pre-processing,variable creation &selection

Modelledyields
Pre-processing,variable creation &selection

Modelledyields

validation
Estimatedfactualyields

Linearregressionmodel trainedon factualclimate data

Yield data:maize, sorghum, milletyields from 1984 to 2021on province level (MAAH)

Factual climate data:ATTRICI (ISIMIP3b) basedon 20CRv3-ERA5

> The statistical crop model is trained on factual (observationally derived) climate data and predicts counterfactualyields.

Predictedcounterfactualyields
Counterfactual climatedata: ATTRICI (ISIMIP3b)based on 20CRv3-ERA5

Pre-processing

Methods > Stage 1
Climate impact attribution for crop yields
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 Exposure variable

 Exposure windows
i) 12 months before conception:ii) In-uteroiii) Infancy

• Birth to 6 months
• Birth to 11 months
• Birth to 23 months
• 6 months to 23 monthsiv) First 1000 days of life (in-utero + birth to 23 months)

Methods > Stage 2
Epidemiological analysis

v) Prior to survey interview:
• 6 months prior
• 12 months prior
• 24 months prior

Outcome variables
- Child stunting (0 or 1) based on height-for-age z-score(HAZ)- Child Wasting (0 or 1) based on weight-for-height z-score (WHZ)- Underweight (0 or 1) based on weight-for-age Z-score(WAZ)

Model
- Logistic regression- fixed effect for region, survey year and season of birth,adjustment for individual and household covariates

𝑪𝒓𝒐𝒑𝒀𝒊𝒆𝒍𝒅𝒔𝑨𝒏𝒐𝒎𝒂𝒍𝒚𝒋,𝒊=∑𝒋
𝒋=𝟏  𝐲𝐢,𝐣 – 𝐲𝐣

𝑺𝑫𝒋
* 𝒉𝒊,𝒋

𝒉𝒕𝒐𝒕𝒊

𝑦𝑗− mean yield (kg/ha) of crop j for the period 1984-2021
𝑦𝑖𝑗 − yield of crop j in year i
ℎ𝑖,𝑗 /ℎ𝑡𝑜𝑡𝑖− share of harvest of crop j in all 3 crops in year i
𝑆𝐷𝑗 − standard deviation in crop yields for the period 1984-
2021
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Methods > Stage 3
Health impact attribution

Calibrationbased onobserved cropyields data

Factual cropyields data

Predicted childundernutrition incounterfactualscenario

Counterfactualcrop yields data

Estimation ofcrop yieldsanomaly index

Epidemiologicalmodels fromStage II

DHS data

Predicted childundernutrition infactual scenario Child undernutritionattributable toclimate change-induced crop yieldsdeficits
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Results



Results > Stage I
Climate change impacts on crop yields
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Results > Stage II
Association between crop yields anomaly index and risk of child stunting,
wasting and underweight

Figure 2: Association between child stunting, wasting, underweight and crop yields anomaly index at different developmental windows of exposure
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Results > Stage III
Impacts of climate change on child undernutrition via changes in
crop yields

Figure 3: Share of child stunting, wasting and underweight (95% uncertainty interval (UI)) attributableto climate change-induced crop yields deficits by survey round and for the whole period.

 3.8% (UI: 2.6%, 5%) of child stunting and1.6% (UI: 1 %, 2.2 %) of severe childstunting during 1993-2021 can beattributed to climate change-inducedcrop yield deficits.
 0.9% (UI:0.2%, 1.6%) of child wasting and0.7% (UI: 0.2%, 1.1%) of severe childwasting can be attributed to climatechange-induced crop yield deficits.
 2.3% (UI: 1.2%, 3.5%) of childunderweight and 1.5% (UI: 0.7%, 2.3%)of severe child underweight can beattributed to climate change-inducedcrop yield deficits.
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Results > Stage III
Impacts of climate change on child undernutrition via changes in crop yields

Figure 4: Child stunting, wasting and underweight cases a. at baseline (per 10,000) , b. attributable to climatechange-induced agricultural deficits, c. attributable to climate change-induced agricultural deficits by crop for theperiod 1988-2021.

Figure 5: Rates of child a. stunting,b. wasting and c. underweight (per10,000) at province level for theperiod 1993-2021.
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 Total cases attributable to climate change-induced agricultural deficits1993-2021child stunting: 1.9 (95%UI: 1.3, 2.5) millionchild wasting: 0.7 (95%UI: 0.2, 1.2) millionchild underweight: 1.6 (95%UI: 0.8, 2.3) million
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Summary and limitations

 We model only three food crops and cashcrops are not considered
 Aggregate district-level crop productiondata
 Domestic trade flows and post-harvestlosses are not considered
 Uncertainty estimates only based onparameters in epidemiological analysis
 The model accounts only for foodavailability and production, but not forother dimensions of food security (e.g.,access and utilization).

 A clear climate signal in annual variation inmaize and sorghum yields, while millet hasbeen relatively more resilient
 Exposure to positive crop yield anomaliesduring in-utero and infancy reduces risk ofchild stunting
 Exposure to positive crop yield anomaliesduring 6-12 months prior to interviewreduces risk of child wasting andunderweight
 3.8% of child stunting, 2.3% of childunderweight and 0.9% of child wastingcan be traced back to the impacts ofclimate change on food crop productionbetween 1993-2021
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Thank you!

asya.dimitrova@pik-potsdam.de
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Additional slides
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> Observed climate change has increased temperatures, e.g.growing-season mean of daily minimum temperature by 1.6 C onaverage (1984–2021)

Results > Stage I
Factual and counterfactual climate

> Observed climate changehas decreased precipitation(small signal)
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Climate variable Abbreviation Mean Min Max
Factual Counterfa

ctual
Factual Counterfa

ctual
Factual Counterfa

ctual

Mean daily mean
temperature in °C

tas_mean
27.83 26.10 25.12 23.59 31.95 30.76

Mean daily range between
maximum and minimum
temperature in °C

tasrange_mean

8.07 7.74 6.42 6.06 10.96 10.81

Number of days with daily
maximum temperatures
above the 95th percentile of
the daily maximum
temperature of the reference
period (1984 - 2013)

tasmax_p95

36.83 34.20 32.02 29.78 41.62 39.77

Number of days with daily
minimum temperatures
below the 5th percentile of
daily minimum temperature
of the reference period (1984
- 2013)

tasmin_p05

22.09 20.64 20.23 19.08 24.37 23.33

Precipitation sum in mm pr_sum
506.55 543.96 104.18 139.62 959.85 1113.40

Number of days with
precipitation sums equal or
below 1mm

pr_b1mm
50.37 44.69 15.00 13.00 95.75 85.75

Table 1: Climate variablesused as input for the cropmodel. All variables werecalculated for the crop-specific growing seasonsfor maize , the mostproduced cereal crop inthe past 5 years.
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Provinces with missing data in DHS
• BF1993:# Oubritenga: Plateau-Central region# Komondjari: Est region# Kompienga: Est region

• BF1999:# Noumbiel: Sud-Ouest region# Ioba: Sud-Ouest region# Kompienga: Est region

• BF2021:# Oudalan: Sahel region# Tapoa: Est region# Yagha: Sahel region# Komondjari: Est region# Kompienga: Est region

• BF2003: no missing data
• BF2010: no missing data
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Exposure to         crop yields anomaly𝑌−1 Exposure to crop yields anomaly𝑌
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