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Project Overview
Project Synopsis: 
Vector-borne diseases are known to run rampant through developing nations; however, these diseases are also becoming increasingly common in developed areas of the world. In recent years, Western Europe has seen a spike in vector-borne disease outbreaks. In response to this concern, researchers, citizen scientists, and several international organizations are working together as the Global Mosquito Alert Consortium to monitor mosquito habitats and breeding grounds. Even so, predicting and preventing outbreaks remains a serious challenge. The NASA DEVELOP team combined NASA Earth observations with the Global Mosquito Alert Consortium’s citizen science data to create a methodology and habitat suitability map to aid end users in monitoring and mitigating vector-borne disease outbreaks.

Abstract: 
Vector-borne diseases, caused by pathogens and parasites, are transmitted through living organism carriers known as vectors. Mosquitoes, the most common disease vectors, transmit illnesses such as Zika, West Nile, chikungunya, malaria, dengue, and yellow fever, which affect millions of people across the world and kill more than one million people each year. While vector-borne disease outbreaks are difficult to predict, the Global Mosquito Alert Consortium strives to monitor and mitigate outbreaks through research and citizen science. This approach presents several challenges, including a lack of data standardization across different regions. The NASA DEVELOP team utilized NASA Earth observations and Global Mosquito Alert Consortium citizen science data from countries in Western Europe in order to create a methodology and habitat suitability map to improve prediction models for vector-borne diseases. The MaxEnt habitat modeling software was used to combine different environmental factors and citizen science data to determine which variables are correlated with the presence of mosquitoes. These products will be implemented in an interactive, open-source platform in the subsequent term for easier visualization and representation of habitat suitability.
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National Application Area Addressed: Health & Air Quality
Study Location: Western Europe (Belgium, Italy, Spain, The Netherlands)
Study Period: June 2016 – September 2017

Community Concern:
· Over one million people die each year from mosquito-borne diseases.
· Rising temperatures have increased suitable habitat area for disease vectors, expanding the range of mosquitoes and leading to an increased number of outbreaks.
· The citizen science data gathered from Belgium, Italy, Spain, and The Netherlands are not standardized, so a methodology is necessary to help streamline information-sharing between collaborators.

Project Objectives:
· Integrate NASA Earth observations and citizen science data in countries across Western Europe
· Determine environmental variables to map mosquito habitats and breeding grounds
· Create a methodology to improve outbreak prediction models for vector-borne diseases
· Visualize results on an interactive habitat suitability map

Partner Overview
Partner Organizations:
	Organization
	POC (Name, Position/Title)
	Partner Type
	Boundary Org?

	Global Mosquito Alert Consortium
	Dr. John Palmer, Marie Curie Research Fellow and Professor
	End User
	Yes

	The Woodrow Wilson International Center for Scholars
	Dr. Anne Bowser, Senior Program Associate, Science and Technology Innovation Program
	Collaborator
	Yes

	Citizen Science Association
	Greg Newman, co-Chair, Data and Metadata Working Group 
	Collaborator
	Yes

	European Citizen Science Association
	Martin Brocklehurst, Policy Group Chair
	Collaborator
	Yes

	Institute for Global Environmental Strategies
	Dr. Russanne Low, Senior Scientist
	Collaborator
	Yes

	Wageningen University
	Dr. Arnold van Vliet, Biologist
	Collaborator
	No

	Sapienza Università Di Roma
	Dr. Beniamino Caputo, Medical Entomologist
	Collaborator
	No





Decision Making Practices & Policies:
The end user of this project is the Global Mosquito Alert Consortium. This group is comprised of several independent citizen scientist projects focused on using mobile apps with geolocation capabilities to collect an array of vector data. The Global Mosquito Alert Consortium has obtained support from the United Nations Environment Programme (UNEP) to display mosquito data on UNEP’s Environment Live online platform. Governance of the organization is heterarchical, with Dr. John Palmer and Dr. Frederic Bartumeus acting as project co-leads and primary decision-makers, and coordinating with UNEP’s Environment Live digital development team. Directly below leadership, project participation in the Global Mosquito Alert Consortium is centralized through the Citizen Science Association (CSA) and the European Citizen Science Association (ECSA) in the United States and Europe, respectively.

Project Benefit to End User:
The methodology and habitat suitability map created by the NASA DEVELOP team will assist the Global Mosquito Alert Consortium in better predicting vector-borne illness outbreaks. The utilization of a prediction model that incorporates NASA Earth observations with citizen science data will allow the Global Mosquito Alert Consortium to monitor environmental variables and determine when preventative action is needed to mitigate an outbreak.

Earth Observations & End Products Overview
Earth Observations:
	Platform & Sensor
	Parameter(s)
	Use

	Terra MODIS
	Land Surface Temperature (LST), Vegetation Indices (VI)
	LST and VI data were used as environmental variables for modeling mosquito habitat suitability.

	Aqua MODIS
	Land Surface Temperature (LST), Vegetation Indices (VI)
	LST and VI data were used as environmental variables for modeling mosquito habitat suitability.

	GPM IMERG
	Precipitation
	Precipitation was used as an environmental variable for modeling mosquito habitat suitability.

	SRTM 
	Elevation
	Elevation was used as an environmental variable for modeling mosquito habitat suitability.

	Aqua AIRS
	Humidity
	Humidity was used as an environmental variable for modeling mosquito habitat suitability.



Ancillary Datasets:
GLOBE Observer Mosquito Habitat Mapper – in situ presence data for mosquitoes
Muggenradar mosquito presence locations – in situ presence data for mosquitoes
ZanzaMapp mosquito presence locations – in situ presence data for mosquitoes
Mosquito Alert mosquito presence locations – in situ presence data for mosquitoes and sampling effort data
European Union Copernicus Corine Land Cover (CLC2012) - land cover data for Western Europe
Gridded Population of the World, Version 4 (GPWv4) - population density data for Western Europe
Global Land Data Assimilation System - soil moisture data for Western Europe

Modeling:
Maximum Entropy (MaxEnt) (POC: Steven J. Phillips, AT&T Research)

Software & Scripting:
Esri ArcGIS v10.4.1 – raster manipulation/analysis, map creation
Python v2.7.10 - data conversion
MaxEnt v3.4.0 - habitat suitability modeling

End Products:
	End Product
	Earth Observations Used 
	Partner Benefit & Use
	Software Release Category

	Western Europe Mosquito Abundance and Distribution Map Collection
	Terra MODIS, Aqua MODIS, GPM IMERG, SRTM, Aqua AIRS
	A suite of static visualizations comparing the successful integration of citizen science data with Earth observations through statistical modeling provides partners with new methodologies for the surveillance and control of disease-carrying mosquitos. 
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Project Handoff Package
Transition Plan: End products will be transitioned in person during the final week of the term at The Woodrow Wilson International Center for Scholars located in Washington, D.C. At this time, the team will conduct a virtual handoff to discuss results and answer any questions to non-local partners. Software release is not required for this project.

Project Continuation Plan: During the second term, the results of term one will be integrated into an interactive, open-source map of Western Europe, showing the successful synthesis of citizen science data and Earth observations in order to monitor vector-borne diseases. Communication will be maintained throughout the second term with all partners ensuring engagement with and feedback about the tool once it passes through the software release process. The team will demonstrate the tool and discuss project results in-person at The Woodrow Wilson International Center for Scholars, with other partners joining virtually.
   
Team POC: Gia Mancini, gia.mancini@nasa.gov
Partner POC: Dr. Anne Bowser, Anne.Bowser@wilsoncenter.org

Handoff Package:
· Project Summary
· Technical Paper
· Poster
· Video Presentation
· Western Europe Mosquito Abundance and Distribution Map Collection
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