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Background	
  –	
  AMSR-­‐E	
  Land	
  Surface	
  
Parameters	
  

•  Satellite-­‐retrieved	
  geophysical	
  
parameters	
  generated	
  from	
  the	
  
Advanced	
  Microwave	
  Scanning	
  
Radiometer	
  -­‐	
  Earth	
  Observing	
  
System	
  (AMSR-­‐E)	
  instrument	
  
on	
  the	
  Aqua	
  satellite	
  
–  Near-­‐surface	
  air	
  temperature	
  
–  Surface	
  soil	
  moisture	
  
–  Frac-onal	
  open	
  water	
  cover	
  
–  Vegeta-on	
  canopy	
  opacity	
  

•  Daily	
  record	
  extends	
  from	
  19	
  
June	
  2002	
  to	
  27	
  September	
  
2011	
  	
  

•  Spa-al	
  resolu-on	
  is	
  25	
  km	
  



Research	
  Objec-ves	
  
•  Objec-ve	
  1:	
  Develop	
  sta-s-cal	
  models	
  of	
  mosquito	
  
popula-on	
  dynamics	
  and	
  WNV	
  incidence	
  using	
  AMSR-­‐
E	
  land	
  surface	
  parameters.	
  

•  Objec-ve	
  2:	
  Compare	
  the	
  performance	
  of	
  the	
  AMSR-­‐E	
  
driven	
  models	
  with	
  similar	
  models	
  derived	
  from	
  other	
  
sources	
  of	
  environmental	
  monitoring	
  data	
  to	
  quan-fy	
  
improvements	
  in	
  the	
  forecas-ng	
  of	
  mosquito-­‐borne	
  
disease	
  outbreaks.	
  

•  Objec-ve	
  3:	
  	
  Generate	
  WNV	
  risk	
  forecasts	
  from	
  models	
  
based	
  on	
  AMSR-­‐E	
  variables,	
  disseminate	
  these	
  
predic-ons	
  to	
  public	
  health	
  prac--oners,	
  and	
  obtain	
  
qualita-ve	
  feedback	
  on	
  the	
  value	
  and	
  u-lity	
  of	
  these	
  
predic-ons.	
  



Objec-ves	
  1	
  and	
  2	
  



Overview	
  of	
  Major	
  Results	
  
•  Compared	
  environmental	
  
models	
  based	
  on	
  AMSR-­‐E	
  
land	
  surface	
  parameters	
  
versus	
  meteorological	
  
variables	
  

•  Models	
  based	
  on	
  AMSR-­‐E	
  
had	
  beaer	
  fits	
  
–  Frac-onal	
  water	
  strongly	
  
associated	
  with	
  Aedes	
  
vexans	
  

–  Vegeta-on	
  opacity	
  
improved	
  the	
  fit	
  of	
  the	
  
Culex	
  tarsalis	
  model	
  



Overview	
  of	
  Major	
  Results	
  
•  Model	
  evalua-on	
  
–  Cross-­‐valida-on	
  indicated	
  
high	
  poten-al	
  for	
  
predic-ng	
  mosquito	
  
ac-vity	
  at	
  the	
  same	
  
loca-on	
  where	
  the	
  model	
  
was	
  parameterized	
  

–  Valida-on	
  against	
  data	
  
from	
  an	
  independent	
  site	
  
indicated	
  moderate	
  
poten-al	
  for	
  predic-ng	
  
seasonal	
  and	
  interannual	
  
variability	
  at	
  different	
  
loca-ons	
  



Summary	
  –	
  Mosquito	
  
Popula-on	
  Models	
  

•  AMSR-­‐E	
  land	
  surface	
  
parameters	
  were	
  as	
  effec-ve	
  
as	
  weather	
  sta-on	
  data	
  for	
  
modeling	
  mosquitoes	
  

•  Unique	
  measurements	
  of	
  
biophysical	
  Earth-­‐surface	
  
characteris-cs	
  -­‐	
  not	
  simply	
  a	
  
remote	
  “proxy”	
  for	
  ground	
  
data	
  

•  Integrates	
  informa-on	
  over	
  
broad	
  spa-al	
  extents	
  



Objec-ve	
  3	
  
The	
  AMSR-­‐E	
  antenna	
  stopped	
  
spinning	
  at	
  0726GMT	
  Oct	
  4,	
  2011	
  
most	
  likely	
  due	
  to	
  aging	
  lubricant	
  in	
  
the	
  mechanism.	
  	
  AMSR-­‐E	
  is	
  
currently	
  not	
  producing	
  any	
  data.	
  	
  
The	
  Aqua	
  spacecraJ	
  
accommodated	
  the	
  spin-­‐down,	
  
which	
  occurred	
  over	
  a	
  period	
  of	
  
about	
  25	
  minutes,	
  	
  and	
  conNnues	
  to	
  
operate	
  normally,	
  with	
  all	
  other	
  
instruments	
  funcNoning	
  in	
  science	
  
mode.	
  	
  NASA	
  will	
  work	
  with	
  JAXA	
  to	
  
understand	
  the	
  condiNon	
  of	
  the	
  
AMSR-­‐E	
  instrument	
  and	
  possible	
  
future	
  steps.	
  



Dealing	
  with	
  the	
  Pifall	
  
•  Short-­‐term:	
  Develop	
  and	
  test	
  

forecas-ng	
  models	
  based	
  on	
  
MODIS	
  and	
  other	
  sources	
  of	
  
op-cal-­‐IR	
  RS	
  data.	
  

•  Long	
  term:	
  	
  
–  WindSat	
  microwave	
  
radiometer	
  has	
  similar	
  
channels	
  and	
  an	
  overlapping	
  
record	
  with	
  AMSR-­‐E	
  

–  AMSR2	
  launched	
  in	
  May	
  2012	
  
onboard	
  GCOM-­‐W1	
  

–  Poten-al	
  for	
  con-nuous,	
  
uninterrupted	
  brightness	
  
temperature	
  and	
  land	
  
parameter	
  retrievals	
  



Modeling	
  WNV	
  Incidence	
  in	
  Humans	
  
Across	
  the	
  Northern	
  Great	
  Plains	
  

•  Response	
  Variable	
  –	
  Log	
  rela-ve	
  risk	
  (LRR)	
  computed	
  for	
  
each	
  county	
  in	
  each	
  year	
  

•  Predictor	
  Variables	
  –	
  Cumula-ve	
  environmental	
  metrics	
  
for	
  different	
  days	
  of	
  the	
  year	
  (DOY	
  105-­‐217	
  at	
  8-­‐day	
  
intervals).	
  

•  Fit	
  generalized	
  addi-ve	
  models	
  (GAMs)	
  to	
  historical	
  
environmental	
  and	
  case	
  data	
  

•  Predict	
  using	
  2011	
  environmental	
  data	
  

0	
  

10	
  

20	
  

30	
  

0	
   14
	
  

28
	
  

42
	
  

56
	
  

70
	
  

84
	
  

98
	
  

11
2	
  

12
6	
  

14
0	
  

15
4	
  

16
8	
  

18
2	
  

19
6	
  

21
0	
  

22
4	
  

23
8	
  

25
2	
  

26
6	
  

28
0	
  

29
4	
  

30
8	
  

32
2	
  

33
6	
  

35
0	
  

36
4	
  

Ca
se
	
  C
ou

nt
	
  

Day	
  of	
  Year	
  

Environmental	
  Variables	
  
April	
  8	
  –	
  August	
  12	
  

WNV	
  Transmission	
  to	
  Humans	
  
July	
  15	
  –	
  September	
  30	
  



Sources	
  of	
  Remote	
  Sensing	
  Data	
  

•  Greenness	
  
– NDVI	
  from	
  MODIS	
  
nadir	
  BRDF-­‐adjusted	
  
reflectance	
  

•  Temperature	
  
– MODIS/Terra	
  Land	
  
surface	
  temperature	
  

•  Evapotranspira-on	
  
–  Simplified	
  surface	
  
energy	
  balance	
  
method	
  

Land	
  surface	
  temperature	
  in	
  early	
  
July	
  in	
  SD,	
  2010	
  (MOD11A2	
  product)	
  



Model	
  Fit	
  Improves	
  as	
  Environmental	
  Data	
  
from	
  Later	
  in	
  the	
  Season	
  is	
  Included	
  

•  Greenness	
  and	
  
temperature	
  
measure	
  onset	
  of	
  
spring	
  in	
  early	
  
season	
  models	
  

•  Temperature	
  and	
  
evapotranspira-on	
  
measured	
  
accumulated	
  degree	
  
days	
  and	
  moisture	
  
in	
  the	
  late-­‐season	
  
models	
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Model	
  Fit	
  Improves	
  as	
  Environmental	
  Data	
  
from	
  Later	
  in	
  the	
  Season	
  is	
  Included	
  

Model	
  fit	
  using	
  environmental	
  data	
  
through	
  May	
  15	
  	
  

Model	
  fit	
  using	
  environmental	
  data	
  
through	
  July	
  18	
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2012	
  Predic-ons	
  
August	
  2010	
   September	
  2012	
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South	
  Dakota	
  

West	
  Nile	
  virus	
  (WNV)	
  
acFvity	
  reported	
  to	
  ArboNET,	
  
by	
  state,	
  United	
  States,	
  2012	
  
(as	
  of	
  September	
  11,	
  2012)	
  

2012:	
  144	
  Cases	
  
as	
  of	
  9/11	
  



WNV	
  Rela-ve	
  Risk	
  Forecasts	
  for	
  the	
  2012	
  
Transmission	
  Season	
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Summary	
  
•  Strong	
  temperature	
  effects	
  are	
  predic-ve	
  of	
  outbreaks	
  at	
  a	
  

regional	
  level	
  
–  Culex	
  tarsalis	
  development	
  rates,	
  survival,	
  bi-ng	
  rates	
  
–  WNV	
  extrinsic	
  incuba-on	
  period	
  

•  Surface	
  moisture	
  and	
  breeding	
  habitats	
  may	
  help	
  to	
  
delineate	
  the	
  spa-al	
  loca-ons	
  of	
  outbreaks	
  
–  Non-­‐linear	
  rela-onships	
  with	
  moisture	
  
–  Rela-onships	
  not	
  always	
  consistent	
  from	
  year	
  to	
  year	
  

•  Host	
  (bird)	
  community	
  composi-on	
  and	
  immunity	
  status	
  is	
  
also	
  important	
  

•  Chuang,	
  T.,	
  and	
  M.	
  C.	
  Wimberly	
  (In	
  Press)	
  Remote	
  Sensing	
  
of	
  Clima-c	
  Anomalies	
  and	
  West	
  Nile	
  Virus	
  Incidence	
  in	
  the	
  
Northern	
  Great	
  Plains	
  of	
  the	
  United	
  States.	
  PLoS	
  One.	
  



AMSR-­‐E	
  Air	
  Temperature	
  Anomalies	
  
Accumulated	
  Degree	
  Days	
  (Through	
  July	
  1st)	
  Above	
  the	
  

14.3o	
  C	
  Threshold	
  for	
  Virus	
  Development	
  



AMSR-­‐E	
  Soil	
  Moisture	
  Anomalies	
  
Volumetric	
  Soil	
  Moisture	
  for	
  the	
  first	
  week	
  in	
  July	
  



Comple-ng	
  the	
  Feasibility	
  Study	
  
•  60%	
  of	
  funds	
  expended,	
  on	
  track	
  to	
  spend	
  all	
  
funds	
  and	
  complete	
  work	
  by	
  project	
  end	
  date	
  
(3/31/2012)	
  

•  Follow-­‐up	
  mee-ng	
  with	
  SD	
  Department	
  of	
  Health	
  
to	
  discuss	
  prospects	
  for	
  WNV	
  forecas-ng	
  

•  Update	
  models	
  of	
  WNV	
  human	
  disease	
  with	
  
AMSR-­‐E	
  land	
  surface	
  parameters	
  (though	
  2011)	
  
and	
  compare	
  with	
  models	
  based	
  on	
  op-cal-­‐IR	
  
data	
  

•  Examine	
  associa-ons	
  between	
  environmental	
  
anomalies	
  and	
  WNV	
  outbreaks	
  at	
  a	
  na-onal	
  level	
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