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Early Warning Systems for

Mosquito-Borne Diseases

Epidemic malaria — Amhara
region of Ethiopia

West Nile virus — northern
Great Plains

2011 WNV Risk Forecast Map for Aug 4

Northern Great Plains, United States
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Annual WNV cases at the county level were obtained from data reported
to the CDC via Arbonet (hip:/diseasemaps.usgs.govi).
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Limitations of Remotely-Sensed

Environmental Indices
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Other Challenges




The Advanced Microwave Scanning

Radiometer-Earth Observing System (AMSR-E)

AMSR-E is the total power passive o5 AR e s stuments
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The long wavelength of microwaves can

penetrate through cloud, haze, and dust

Global daily land surface parameters derived

from AMSR-E (AE_L2A swath product, V3)
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NASA Earth Science Applications

Feasibility Study

Enhanced Forecasting of Mosquito-Borne
Disease Outbreaks Using AMSR-E

Develop models of mosquito population
dynamics and WNV incidence using
environmental parameters derived from AMSR-E.

Compare the performance of the AMSR-E driven
models with models derived from other
environmental data sources.

Generate WNV risk forecasts from models based
on AMSR-E variables, disseminate these
predictions to public health practitioners, and
obtain feedback on the value and utility of these
predictions.




Objectives of the Current Presentation

The environmental variables derived from the advanced
microwave scanning radiometer-earth observing system
(AMSR-E) and weather stations were compared to model the
population dynamics of Culex tarsalis and Aedes vexans in
Sioux Falls, SD from 2005-2009

These initial models will provide an initial framework for
developing AMSR-E based decision support tools for public
health workers to enhance their efficiency on vector-borne
disease surveillance and prevention



Study Location—Sioux Falls, South Dakota

The largest city in South
Dakota, population
157,935
Urban/Suburban
landscape

Surrounded by cultivated
croplands, pastures, and
hayfields

Sioux Falls Health
Department monitors
annual mosquito
population reqgularly for
mosquito control and
disease surveillance
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Study Design—Data Collection

Two major mosquito species in were analyzed

Culex tarsalis— the key vector of West Nile
virus (WNV) transmission in the Northern
Great Plains

Aedes vexans—the dominant nuisance
mosquito, also a potential WNV vector

Ground-based weather data was collected and
averaged from three weather stations in Sioux
Falls

Daily average temperature, precipitation,
and relative humidity

Environmental variables derived from AMSR-E
were summarized within Sioux Falls study areas

Daily air temperature, water fraction, soil
moisture, and vegetation index

All variables were summarized to weekly
averages
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Study Design—Data Analysis

Study period was from 2005-2009
0-3 week temporal lags were used
to capture the lagged effects of
environmental influences on
mosquito populations

Polynomial distribution lag (PDL)
models were used

Corrected Akaike information
criterion (AlCc) was used for model
selection

Model performance was presented
by comparing the predicted and
observed values




Cx. tarsalis

predicted

Predicted V.S. Observed Cx. tarsalis Abundance by AMSR-E
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Variables in the
best model:
Temperature
Vegetation Index

AlCc=140.94
RMSE=0.32

predicted

Predicted V.S. Observed Cx. tarsalis Abundance by Weather Stations

Year = 2005

Year = 2006 Year = 2007 Year = 2008

Year = 2009
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Variables in the
best model:
Temperature

AlCc=140.46
RMSE=0.31




Ae. vexans

Predicted V.S. Observed Ae. vexans Abundance by AMSR-E
Year = 2005 Year = 2006

Year = 2007 Year = 2008

Year = 2009 Variables in the
best model:
Temperature
Water Fraction

predicted

AlCc=278.13
RMSE=0.52
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Summary

Both AMSR-E and weather station are
good predictors of the abundance of
both species

The AMSR-E has better model
performance than weather station at
predicting Ae. vexans

The different responses to the
environmental variables between two
species is consistent with their
distinctive mosquito ecology

AMSR-E data can be used to model or
forecast mosquito populations when
local weather stations are not available




Summary

Remote sensing techniques provide
different measurements that are
potentially more relevant for
mosquito ecology (e.g., water
fraction versus rainfall, air
temperature versus land surface
temperature )

The diversity of environmental
parameters generated from remote
sensing data can improve
mathematical models




Future Study

Apply the statistical models to
multiple locations to verify their
transferability to different
ecological settings

Compared with environmental
variables from different remote
sensing datasets (e.g. MODIS)

Develop models to forecast
human WNYV risk

Communicate results to decision
makers (SD and other state
departments of health)
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Forecasts are based on remote-sensed environmental variables, including MODIS land surface temperature
(LST) and vegetation indices (e.g., NDVI, EV1) derived from the MODIS nadir BRDF-adjusted reflectance
product. We also used these data to compute actual evapotranspiration (ETa) using the simplified surface
energy balance method. Our overarching hypothesis is that these variables influence a variety of ecological
processes than in turn affect the potential for virus amplification in mosquito and bird populations. Statistical
analysis using generalized additive models (GAMs) revealed non-linear associations between interannual
variability in WMV incidence and interannual deviations of cumulative LST, NDVI, and ETa throughout the
spring and early summer. There was an early-season influence of the timing of spring onset (captured by
NDVI) as well as a late spring/summer influence of accumulated moisture and temperature (captured by LST
and ETa). Model fit and forecasting skill improves as the WNV season progresses and more environmental
information is incorporated into the models. When interpreting the risk maps, keep in mind that the forecasts
are based only on environmental data, and that they reflect the relative risk for a given county. Thus, the
potential for a WNV outbreak is greatest in counties that are forecast to have a high relative risk and fall
within the geographic zone of high historical WNV risk (smoothed annual incidence rate > 8.3 cases/100,000).

T August 4, 2011

'WNV forecast based on environmental data through August 4, 2011.

2011 WNV Risk Forecast Map for Aug 4
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