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[bookmark: _GoBack]THE IDEA: MAPPING FORESTS THAT CONTRIBUTE TO NUTRITION RESILIENCE
There is a well-documented link between low precipitation and increased malnutrition among agricultural communities in the developing world.[footnoteRef:1] In areas where subsistence farming is common even small rainfall deficits can lead to lower yields and ultimately lower intake of calories and nutrients. One factor that helps to mitigate the effects of precipitation shortfalls on nutrition outcomes is the presence of forests and other natural land cover types. A significant body of literature shows how these areas contribute both provisioning ecosystem services in the form of wild foods as well as regulating ecosystem services that can make agriculture more resilient to climate shocks.[footnoteRef:2] Wild foods like bushmeat, fish, insects, vegetables, nuts, and seeds, are important resources for agrarian people[footnoteRef:3], especially during years of decreased agricultural output.[footnoteRef:4] In addition, forests can buffer agriculture against the impacts of drought by retaining soil moisture, facilitating nutrient cycling and regulating pests that can attack weakened crops.[footnoteRef:5]  [1:  Shively, Gerald E. "Infrastructure mitigates the sensitivity of child growth to local agriculture and rainfall in Nepal and Uganda." Proceedings of the National Academy of Sciences 114.5 (2017): 903-908.]  [2:  Rasmussen, Laura Vang, Cristy Watkins, and Arun Agrawal. "Forest contributions to livelihoods in changing agriculture-forest landscapes." Forest Policy and Economics (2017).]  [3:  Powell, Bronwen, et al. "Improving diets with wild and cultivated biodiversity from across the landscape." Food Security 7.3 (2015): 535-554.]  [4:  Mortimore, Michael. "Adapting to drought in the Sahel: lessons for climate change." Wiley interdisciplinary reviews: climate change 1.1 (2010): 134-143.]  [5:  Reed, James, et al. "Trees for life: the ecosystem service contribution of trees to food production and livelihoods in the tropics." Forest Policy and Economics (2017).] 

While the benefits that forests provide to human well-being has been of considerable interest to researchers, a recent literature review lamented that this body of work is “limited by the propensity for small-scale and short-term evaluations.”5 Because these studies are generally qualitative, site specific, and rarely compare nutrition outcomes across multiple countries or forests, policymakers only have a general sense that forests are beneficial, without knowing which types of forests are most critical for fostering resilient food systems in the face of an uncertain climatological future. To address this, we propose to integrate data on nutrition, land cover, and precipitation across multiple countries and years to map which forests have historically been most effective in buffering nutrition outcomes like wasting and stunting during droughts. We will then create an interactive web map in order to aid conservation and food security priority setting at the national level. This will help non-researchers to quickly grasp relationships between forests, land use, climate, and nutrition that many have not considered and can at times be difficult to visualize. Using this web map, we will reach out to policymakers by leveraging Conservation International’s institutional relationships to advocate for community-based conservation of forests and natural areas identified as historically acting as safety nets during rainfall deficits. This tool can be used by local advocacy organizations as well as national decision makers to make locally relevant justifications for forest conservation beyond carbon sequestration.
THE PILOT: ASSEMBLING DATASETS AND CONDUCTING ANALYSIS IN EAST AFRICA
This project will combine several datasets on nutrition, climate, and land cover for Tanzania, Rwanda, Kenya, and Uganda. For the nutrition data, we will use Demographic and Health Surveys (DHS) for each country over several years. Combining all of these surveys will yield a massive dataset of 201,148 households across nearly 20 years. This dataset will be combined with geographic data like the European Space Agency Climate Change Initiative (ESA-CCI) land cover maps and the Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS) dataset using Google Earth Engine. From CHIRPS, we will be able to derive the standardized precipitation index (SPI), an indicator of drought, for every DHS site. The ESA-CCI dataset, just released in April of this year, has land cover data available for every year since 1990. Because it has data on many land cover types that provide provisioning and regulating ecosystem services, including grassland, shrubland, and several forest types such as open and closed canopy, or deciduous and evergreen, we will be able to assess both which particular natural areas are most vital to support resilient nutrition outcomes. 
Having assembled the datasets, we will then use a Bayesian hierarchical model to model the effects of precipitation and the presence of forests and natural land cover on nutrition outcomes for children under 5 in terms of both stunting, an indicator of long-term malnutrition, and wasting, an indicator of short-term malnutrition. Because the DHS is rich in other health data, we will be able control for other factors that can influence a child’s nutrition status, such as household assets and education, whether the child was breastfed, and the child’s hemoglobin levels. One advantage of using a Bayesian hierarchical model is that it is possible to impute missing data if, for example, a DHS survey is missing data on a particular child health covariate. We will also use publicly available geographic datasets to control for other endogenous variables that could influence both child nutrition outcomes and forest cover, such as population density, the distance to markets and towns, and the presence of protected areas using the WorldPOP dataset, the IFPRI/HarvestChoice Market Distance dataset, and the World Database of Protected Areas. Controlling for all of these other relevant factors will allow us to gauge the role that natural areas may play in mitigating the effects of rainfall deficits on nutritional outcomes. We will then be able to identify and map the locations where the presence of forests and other natural areas kept child malnutrition rates lower than all other relevant factors would have predicted. We estimate that it will take about six to eight months to harmonize the DHS datasets, extract all relevant geographic data for each DHS cluster, and then compile all of the data into a cloud-based computer instance for analysis. It will then take another four months to conduct the actual analysis.
PHASE II: SCALING UP AND CREATING IMPACT
	After successfully demonstrating that we can identify which forests and forest types buffer nutrition from drought, we will expand our analysis to other geographies and communicate our results to policymakers. We will integrate DHS surveys from other parts of Africa and the developing world, as all of the other data sources we will draw on for the pilot are available globally. Then, in order to connect the scientific analyses with policy, an interactive web map will be created to show which areas have historically contributed to positive child health outcomes during droughts. This web map will use the Carto platform, which has previously been used in other successful data-driven policy and decision support tools, such as the Global Forest Watch platform (globalforestwatch.org) and the Resilience Atlas (resilienceatlas.org). Using the web map, the Vital Signs program will conduct stakeholder outreach and advocate for community based forest management. This will initially happen through existing MOUs with Ministries of the Environment and Agriculture across all four pilot countries, and will expand to other geographies as we scale up. The ultimate impact of this study and subsequent policy outreach will be greater synergies between conservation and human well-being – conservation that doesn’t exclude people and human development that isn’t at the expense of forests.
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