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Research Objectives

* Objective 1: Develop statistical models of mosquito
population dynamics and WNV incidence using AMSR-
E land surface parameters.

* QObjective 2: Compare the performance of the AMSR-E
driven models with similar models derived from other
sources of environmental monitoring data to quantify
improvements in the forecasting of mosquito-borne
disease outbreaks.

* Objective 3: Generate WNV risk forecasts from models
based on AMSR-E variables, disseminate these
predictions to public health practitioners, and obtain
gualitative feedback on the value and utility of these
predictions.




Objectives 1 and 2

e Compared environmental
models based on AMSR-E
land surface parameters
versus meteorological

In(mosquitoes per trap night)

variables
* Models based on AMSR-E RIS ATILETIEEELE
had better fits

— Fractional water strongly
associated with Aedes
vexans

— Vegetation opacity
improved the fit of the
Culex tarsalis model
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Overview of Major Results

* Model evaluation

— Cross-validation indicated
high potential for
predicting mosquito
activity at the same
location where the model
was parameterized

— Validation against data
from an independent site
indicated moderate
potential for predicting
seasonal and interannual
variability at different
locations




Summary — Mosquito
Population Models

 Remote sensing data were
as effective as weather
station data for modeling
mosquitoes

* Unigue measurements of
biophysical Earth-surface
characteristics - not
simply a remote “proxy”
for ground data

* Integrates information
over broad spatial extents e




Objective 3

e The AMSR-E antenna stopped
spinning at 0726GMT Oct 4,
2011 most likely due to aging
lubricant in the mechanism... ==

* Overcame the loss of AMSR-E: [*0 ..

— Developed and tested R T
forecasting models using MODIS
and other sources of optical-IR N -
RS data —

— Used NLDAS data to scale up to

the national level and improve
temporal resolution in SD

i AMSR-E

s 'rced Microwave Radiometer for EOS



Case Count

Modeling WNV Incidence in Humans
Across the Northern Great Plains

Response Variable — Log relative risk (LRR) computed for
each county in each year

Predictor Variables — Cumulative environmental metrics
for different days of the year (DOY 105-217 at 8-day
intervals).

Fit generalized additive models (GAMs) to historical
environmental and case data

Predict using 2011 environmental data

30 - WNV Trarlismission to Humans
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* Models developed using

The northern Great Plains (NGP) of the United States has been a hotspot of West Nile virus (WNV) incidence since 2002
Maosquito ecology and the transmission of vector-borne disease are influenced by mukiple environmental factors, and
climatic variability is an important driver of inter-annual variation in WNV transmission risk. This study applied multiple

[
environmental predictars indluding land surface temperature (LST), the normalized difference vegetation index (NDVI) and
actual evapotranspiration (ETa) derived from Moderate-Resolution Imaging Spectroradiometer (MODIS) products to
establish prediction models for WNV risk in the NGP. These environmental metrics are sensitive to seasonal and inter-annual
fluctuations in temperature and predipitation, and are hypothesized to influence mosquito population dynamics and WNV
(G

[ [ transmission. Non-inear generalized additive models (GAMs) were used to evaluate the influences of deviations of
cumulative LST, NDVI, and ETa on inter-annual variations of WNV incidence from 2004-2010. The models were sensitive to
I n I C e S r O I I l the timing of spring green up (measured with NDVI), temperature variability in early spring and summer (measured with
L5T), and maist ure availability from late spring through early summer (measured with ETa), highlighting seasonal changes in

the influences of dimatic fluctuations on WNV transmission. Predictions based on these variables indicated a low WNV risk
across the NGP in 2011, which is concordant with the low case reports in this year. Environmental monitoring using remote-
sensed data can contribute to surveillance of WNV risk and prediction of future WNV outbreaks in space and time

— Land surface temperature B T e o e e e e
— Vegetation indices e
— Actual evapotranspiration

* Regional predictions

— 2011: Low risk
— 2012: High risk

Department of Parasitolo  Medicine, Talpsl
Tatwan

Historical High Risk Zone
Relative Risk Forecast
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2012 WNYV Incidence Rates

National-Level Analysis

 Three zones with large ( . IR
WNV clustgrs in 2012 e o
— Upper Midwest 5
— Northern Great Plains
— South Central

e |sinterannual July 2012 NLDAS Temperature
variability in human Anomalies

WNYV cases associated
with climate?

* Used monthly NLDAS
data
— FORA0125M.002
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Statistical Analysis

Dependent Variable:

— WNYV relative risk based on data from the USGS disease
map archive (CDC ArboNET surveillance program)

Independent Variables:

— Monthly precipitation and temperature anomalies
computed using monthly North American Land Data

Assimilation System (NLDAS) data

— Summarized for the twelve months (October-September)
encompassing and preceding the main WNV transmission

season (July-September)
Partial least squares regression (PLSR) used to extract a
small number of independent latent climate variables
that maximized the explained variance of LRR.




PLSR Biplots

Points close together have similar climatic
anomalies and point size reflects the
relative WNV rate for each county/year.
Arrows represent correlations of climatic
variables with each component
(T=Temperature, P=Precipitation,
Month=1-12).
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PLSR Coefficients

Standardized coefficients
reflect the relative
importance of each variable
in the PLSR regression

Upper Midwest

0.2

0.1—I i o I

T P66 T7 T2 P5 P1

Standardized Coefficient
()

0.3

Standardized Coefficient

0.05

Standardized Coefficient
o
Y
(0]

Northern Great Plains

0.2 1

0.1 1

South Central




Summary — National-Level Analysis

* Interannual variability in WNV incidence was
positively associated with temperature anomalies
in three regions of the United States.

* The strongest associations with temperature
variables occurred during the winter and early
spring (December-March) preceding the main
transmission season (July-September).

* The seasons of strongest climatic associations
with WNV varied between regions, likely
reflecting differences in vector species, host
species, and geographical context.



NLDAS Application: Weekly Prediction
of WNV Risk in Eastern SD

e Focused on temporal Annual WNV Incidence/100,000

pattern of WNV cases in

eastern SD | .
 Used hourly NLDAS product o] R
(FORA0125H.002) pay

summarized at a weekly
level

* Developed multilevel
Poisson regression models
incorporating lagged
epidemiological and
environmental data
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Model 1: Includes Total WNV Cases
from the Previous Year

 Weekly WNV case numbers were associated
with:
— Previous years WNV cases (+)
— Previous Dec-Jan mean temperature (+)
— Mean temperature at 1, 2, and 5 week lags (+)
— Precipitation at 6, 7, and 8 week lags (+)



Model 1: Includes Total WNV Cases
from the Previous Year

2013: 84 cases predicted,
~ 90 cases observed

"
b
%)
©
o
=
<
=

l\‘$"I\ o~
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

Truncated 20-week time series for each year



Model 2: Includes WNYV Cases at a 2-
Week Lag

 Weekly WNV case numbers were associated
with:
— WNYV case numbers at a 2 week lag (+)
— Previous Dec-Jan mean temperature (+)
— Mean temperature at 1 and 2 week lags (+)
— Precipitation at 6, 7, and 8 week lags (+)



Model 2: Includes WNYV Cases at a 2-
Week Lag

"
O
7]
©
o

e

pd

=

1
\\ :
\ [
1 )
N3 P
~ -
| il i |

2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

Truncated 20-week time series for each year




Links to Public Health Decision Support

 Mechanisms for providing information to public health
decision makers in SD

— Presentations at annual West Nile virus/mosquito control
conferences (2012, 2013)

— Participation in regular statewide conference calls during
the West Nile virus season

— Dissemination of risk maps and forecasts via the internet

* Importance of blending ecological forecasts with other
sources of surveillance data

— Epidemiological surveillance
— Entomological surveillance



Epidemic Prognosis Incorporating Disease
and Environmental Monitoring for
Integrated Assessment (EPIDEMIA)
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Regional
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Connect remotely-sensed environmental monitoring with
epidemiological and entomological surveillance



Links to Public Health Decision Support

* Invest in public awareness and education
campaigns

* Allocate resources for adult mosquito control
efforts (prevent transmission to humans)
— Nuisance mosquitoes

(Aedes vexans)
— Vector mosquitoes PR(.‘ECT f

Amessage from the South Dakota Department of Health I
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(Culex tarsalis) YOURSELF ‘=
* Trigger larval WE.:&TNIL&:.SD.GOV(J/, ~ \
control efforts to ot o |
prevent amplification | @}




Researchers help public healt
officials combat West Nile virus
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Major Accomplishments and Lessons
Learned

* Achieved our overarching goal of improving WNV
forecasting applications for incorporating novel
streams of earth observing data

 Demonstrated how applications can help drive the
science
— Value of making and critically evaluating real forecasts
— Importance of “staying in the game”

e Strengthened relationships with public health end
users

— Public health professionals understand the potential of
remote sensing

— Remote sensing scientists understand decision support
needs



Major Research Outputs

e Publications

— Chuang, T., G. M Henebry, J. S. Kimball, D.L. VanRoekel-Patton, M. B. Hildreth,
and M. C. Wimberly. 2012. Satellite microwave remote sensing for
environment modeling of mosquito population dynamics. Remote Sensing of
Environment 125: 147-156.

— ChuangT., and M. C. Wimberly. 2012. Remote Sensing of Climatic Anomalies
and West Nile Virus Incidence in the Northern Great Plains of the United
States. PLOS One 7:e46882.

— Wimberly, M. C., Giacomo, P., Kightlinger, L., and M. B. Hildreth. In Press.

Spatio-temporal epidemiology of human West Nile virus disease in South
Dakota. International Journal of Environmental Research and Public Health.

* Proposals

— Wimberly, M. C. (P1), and Y. Liu (Co-l). Expanding Earth Science Data Access for
Public Health Research and Applications. Submitted to NASA Roses 2013:
Advancing Collaborative Connections for Earth System Science
(NNH13ZDA001N-ACCESS), June 3, 2013.

* Website
— http://globalmonitoring.sdstate.edu/eastweb/
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