
Office of Research and Development
National Exposure Research Laboratory , Computational Exposure Division

Ecosystems and spatiotemporal 
mosquito-borne disease models 
across a gradient of urbanization

Mark H. Myer M.S.E.H.1 and John M. Johnston Ph.D2

1ORISE Fellow, US Environmental Protection Agency ORD/NERL/CED/WEB
2US Environmental Protection Agency ORD/NERL/CED/WEB

Washington, D.C. 12/5/2018



Disclaimer: The views expressed in this presentation 
are those of the authors and do not necessarily reflect 
the views or policies of the U.S. EPA.

1 Office of Research and Development
National Exposure Research Laboratory , Computational Exposure Division

Office of Research and Development
National Exposure Research Laboratory, Computational Exposure Division



2 Office of Research and Development
National Exposure Research Laboratory , Computational Exposure Division

Office of Research and Development
National Exposure Research Laboratory, Computational Exposure Division

Figure from: Gould L.H., Fikrig E. West Nile Virus: a growing concern? J Clin 
Invest. 2004;113(8):1102-1107. https://doi.org/10.1172/JCI21623

West Nile Virus

http://www.jci.org/113/8
https://doi.org/10.1172/JCI21623
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Culex pipiens-restuans
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ES and Mosquitoes

Disservice
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ES and Mosquitoes

Service



6

Research Questions:

What ecological characteristics predict WNV incidence, controlling for location and time?

What do those predictors tell us about the dynamics of WNV in New York?
Rural vs. suburban vs. urban?

What do the spatial and temporal model components tell us in context of prevention?



INLA SPDE
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Integrated Nested Laplace Approximations with Stochastic Partial Differential Equations

It’s Bayesian… and spatial… and temporal. 

𝑃𝑃(𝐴𝐴|𝐵𝐵) =
𝑃𝑃(𝐵𝐵|𝐴𝐴) × 𝑃𝑃(𝐴𝐴)

𝑃𝑃(𝐵𝐵)
Evidence (data) 

Prior

Posterior 

And it runs in  
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Datasets

Suffolk County, NYNassau County, NY
2008 – 2015
193 trap sites
10,596 observations

2001 – 2015
49 trap sites
5,474 observations
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Input Variables

SSURGO (soil type)

Septic tanks

NDVI

DAYMET (daily climate)

NLCD land use/cover

Stormwater basins
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Septic Systems?
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Results

Nassau County Suffolk County
NDVI (Vegetation index) Open Water

# Mosquitoes Trapped Temperature
Temperature Septic Count
High Intensity Development Woody Wetlands
Open Water Precipitation
Emergent Herbaceous Wetlands NDVI

Precipitation Low Intensity Development

Catch Basin Area Emergent Herbaceous Wetlands

Magnitude of coefficient Bold: statistically “important”

Positive
Negative

More urban Less urban
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Results

Units: log-odds 
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Meteorological Variables

Temperature

Development time

Blood meals

Precipitation

Flushes eggs & larvae
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Wetlands and WNV

Avian 
biodiversity

WNV 
incidence
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Septics, Wetlands, and WNV
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Greenness and Urbanization

WNV 
Incidence

Urbanization

Interspecies 
competition, not 
enough WNV 
reservoirs

Not enough 
habitat or WNV 
reservoirs
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Study Area Comparison
Nassau County
Urban/Suburban

Suburbs at higher risk

Catch basin treatment is working

Suffolk County
Rural/Exurban

Woody wetlands protective

Septic systems present additional risk
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Urban Ecosystem Services to 
Reduce WNV
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Continuing Work in Texas
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