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Electromagne;c	  Radia;on	  (Light)	  

Human	  vision	  covers	  wavelengths	  	  
0.4	  to	  0.7	  micrometers	  

Remote	  sensing	  spans	  the	  UV	  to	  microwave	  
	  



Atmospheric	  Windows	  

Observa;on	  of	  the	  earth	  surface	  in	  clear	  atmospheric	  windows.	  	  The	  
individual	  windows	  are	  the	  loca;ons	  of	  “see	  to	  the	  ground	  spectral	  bands”.	  
Spectral	  ranges	  outside	  the	  atmospheric	  windows	  can	  be	  used	  to	  measure	  
atmospheric	  water,	  greenhouse	  gases,	  temperature	  and	  pressure	  profiles.	  



Ac;ve	  versus	  passive	  remote	  sensing	  

•  Most	  remote	  sensing	  systems	  are	  passive,	  relying	  on	  sunlight	  or	  
emissions	  from	  the	  objects	  themselves.	  	  	  

•  In	  visible,	  near	  infrared,	  short-‐wave	  infrared	  sunlight	  can	  be	  used	  as	  
the	  illumina;on	  source	  –	  passive	  remote	  sensing.	  	  Earth	  surface	  
features	  only	  detectable	  during	  daylight	  hours	  and	  are	  blocked	  by	  
clouds.	  

•  In	  long-‐wave	  infrared	  and	  microwave	  the	  objects	  emit	  based	  on	  
their	  temperature	  and	  composi;on	  suitable	  for	  day	  and	  night	  
passive	  remote	  sensing.	  LWIR	  view	  of	  the	  earth	  surface	  is	  blocked	  
by	  clouds.	  	  Some	  MW	  channels	  see	  through	  clouds,	  but	  spa;al	  
resolu;on	  is	  coarse.	  

•  Ac;ve	  remote	  sensing:	  synthe;c	  aperture	  radars,	  LIDARs.	  These	  are	  
typically	  fee	  based	  services.	  SAR	  systems	  can	  see	  through	  clouds.	  



Spa;al	  and	  Temporal	  Resolu;on	  

•  High	  spa;al	  resolu;on	  data	  is	  typically	  a	  fee	  
based	  commercial	  service.	  	  	  

•  30	  meter	  Landsat	  8	  data	  are	  freely	  available,	  
but	  have	  a	  16	  day	  repeat	  cycle.	  

•  ~1	  km	  data	  from	  NASA	  and	  NOAA	  satellites	  
each	  collect	  twice	  per	  day	  (day	  and	  night).	  
Open	  access	  data	  and	  environmental	  
products.	  

	  



Polar	  Orbits	  
In	  polar	  orbits,	  satellite	  
fly	  over	  the	  north	  and	  
south	  poles	  at	  
eleva;ons	  ranging	  
from	  400	  to	  1000	  km	  
al;tude.	  	  Easier	  to	  
obtain	  higher	  spa;al	  
resolu;on,	  but	  limits	  
the	  number	  of	  daily	  
observa;ons.	  
Examples:	  Landsat,	  
MODIS,	  VIIRS.	  



Geosta;onary	  Orbits	  
Geosta;onary	  systems	  
stay	  in	  a	  fixed	  posi;on	  
36,000	  km	  above	  a	  single	  
posi;on	  above	  the	  
equator.	  	  	  This	  orbit	  is	  
favored	  by	  
meteorological	  satellites.	  
MTSAT	  collects	  data	  of	  
the	  Mekong	  Region.	  



Local	  versus	  global	  data	  collec;on	  
•  NASA,	  NOAA,	  USGS	  collect	  global	  data	  from	  on-‐
board	  recorders	  from	  high	  la;tude	  ground	  
sta;ons.	  	  Data	  distribu;on	  delayed	  by	  ~12	  hours.	  

•  NASA	  and	  NOAA	  satellites	  broadcast	  the	  sensor	  
data	  in-‐flight.	  	  It	  is	  possible	  to	  collect	  the	  data	  
with	  a	  local	  ground	  sta;on	  to	  reduce	  the	  
temporal	  latency	  and	  bypass	  intercon;nental	  
data	  transfer.	  

•  Landsat	  ground	  sta;ons	  licensed	  by	  USGS.	  



NASA/NOAA	  
Suomi	  Na;onal	  
Polar	  Partnership	  
(SNPP)	  satellite	  
was	  launched	  
October	  28,	  
2011.	  



SNPP	  is	  the	  USG’s	  3rd	  Genera;on	  Polar	  
Orbi;ng	  Environmental	  Satellite	  	  

The	  NASA/NOAA	  Suomi	  Na;onal	  Polar	  Partnership	  
(SNPP)	  satellite	  was	  launched	  October	  28,	  2011.	  	  
NGDC	  serves	  as	  one	  of	  two	  archives	  for	  SNPP	  data.	  	  
The	  full	  stream	  of	  image	  data	  and	  products	  are	  
received	  at	  NGDC	  8-‐10	  hours	  from	  collec;on.	  



SNPP	  Data	  Flow	  

Svalbard	  
Ground	  	  
Sta;on	  

NOAA	  Na;onal	  Satellite	  
Opera;ons	  Facility	  
(NSOF),	  Suitland,	  MD	  

Na;onal	  Weather	  Service	  Other	  Users	  

Na;onal	  Geophysical	  Data	  Center	  



VIIRS	  
Spectral	  
Bands	  



SNPP	  
Environmental	  

Products	  



VIIRS	  data	  are	  freely	  available	  from	  
NOAA	  in	  HDF5	  format	  



VIIRS	  Data	  
Aggregate	  
June	  19,	  
2013	  



Panoramic	  Bow;e	  Effect	  	  

Nias	  
Island,	  
Sumatra	  
	  
Note	  the	  
repe;;on	  
of	  shoreline	  
features	  



Why	  SNPP	  Data	  Are	  Difficult	  to	  Use	  
•  Few	  systems	  able	  to	  open	  HDF5	  format.	  
•  Stacking	  of	  metadata	  balloons	  file	  sizes.	  
•  VIIRS	  data	  
–  Day;me	  data	  are	  “upside	  down”.	  
–  	  have	  la;tude	  /	  longitude	  loca;ons	  separate	  from	  image	  
data	  (geoloca;on	  has	  not	  been	  performed).	  

–  VIIRS	  data	  and	  products	  have	  line	  dele;ons	  and	  redundant	  
Earth	  features	  at	  edge	  of	  scan.	  The	  excep;on	  if	  the	  day/
night	  band	  which	  has	  constant	  742	  meter	  pixels	  across	  full	  
scan.	  

–  Regional	  study	  areas	  will	  be	  covered	  by	  mul;ple	  5	  minute	  
aggregates	  and	  orbits.	  



What	  Array	  Data	  Are	  Inside	  the	  HDF5?	  
•  Radiances	  or	  data	  values.	  	  These	  are	  onen	  unsigned	  

integers	  that	  must	  be	  mul;plied	  by	  a	  coefficient	  to	  obtain	  
the	  radiance	  or	  environmental	  data	  value	  (e.g.	  degrees	  K).	  

•  Solar	  zenith	  angle	  
•  Solar	  azimuth	  angle	  
•  Satellite	  zenith	  angle	  
•  Satellite	  azimuth	  angle	  
•  Satellite	  range	  (distance	  from	  pixel	  on	  ground	  to	  satellite)	  
•  Quality	  flag	  
•  Terrain	  corrected	  longitude	  
•  Terrain	  corrected	  la;tude	  
	  



Solu;on	  
•  NGDC	  iden;fies	  the	  data	  covering	  	  East	  Asia	  as	  
they	  arrive	  for	  archiving	  

•  Coefficients	  are	  applied	  to	  obtain	  physical	  
data	  values.	  

•  VIIRS	  data	  are	  projected	  into	  15	  arc	  second	  
grids:	  north	  is	  up,	  line	  dele;ons	  are	  screened	  
out,	  bow;e	  duplicates	  removed.	  

•  Output	  as	  geo;ff.	  
•  Post	  for	  download.	  



Data	  Access	  Page	  Has	  Been	  Established	  



Product	  Type	  Directory	  Tree	  



File	  Lis;ng	  



Raw	  imaging	  band	  
data	  for	  four	  HDF5	  
aggregates	  =	  9	  GB.	  
From	  NGDC	  service	  
as	  geo;ff	  =	  450	  MB.	  	  
A	  95%	  data	  volume	  
reduc;on.	  

VIIRS	  imaging	  
band	  data	  
from	  August	  
17,	  2014	  



Flooding	  in	  
Cambodia	  and	  

Vietnam	  
August	  17,	  2014	  
VIIRS	  imaging	  
bands	  3,2,1	  as	  
red,	  green,	  blue	  



VIIRS	  DNB	  boat	  
detec;ons	  –	  

August	  17,	  2014	  



NGDC’s	  VIIRS	  DNB	  Composite	  –	  May,	  2014	  

Cambodia	  

Vietnam	  

Fishing	  Boats	  

HCMC	  



VIIRS	  Nighsire	  



Water	  Disasters	  

•  Flooding	  (inunda;on)	  
– Heavy	  precipita;on	  with	  insufficient	  drainage	  
– Coastal	  storm	  surge	  
– Coastal	  tsunami	  
– Dam	  and	  levee	  failures	  

•  Drought	  
–  Insufficient	  precipita;on	  



Basic	  remote	  sensing	  observables	  
related	  to	  flooding	  and	  drought	  

•  Inunda;on	  mapping	  with	  op;cal	  and	  radar	  
sensors	  

•  Typhoon	  movement,	  wind	  speed,	  temperature	  
•  Rain	  rates	  from	  thermal	  and	  microwave	  
sensors	  

•  Response	  of	  land	  surface	  to	  drought	  
•  Damage	  assessment	  with	  high	  spa;al	  
resolu;on	  imagery	  

	  



Water	  Disaster	  Management	  Phases	  
Using	  Remote	  Sensing	  Data	  

•  Predic;on	  and	  warning	  
–  Rain	  rates	  
–  Storm	  track	  and	  storm	  surge	  predic;on	  
–  Genera;on	  of	  digital	  topographic	  data	  
–  Maps	  of	  constructed	  surface	  densi;es	  

•  Observa;on	  of	  the	  severity	  of	  disaster	  events	  
–  Extent	  and	  depth	  of	  flooding	  
–  Extent	  of	  drought	  
–  Affected	  popula;on	  

•  Damage	  assessment	  /	  Recovery	  
–  Damage	  to	  infrastructure	  (buildings	  and	  roads)	  
–  Interrup;on	  of	  electric	  power	  service	  
–  Damage	  to	  crops	  



Microwave	  Rain	  Rates	  

•  The	  earth	  surface	  radiates	  microwave	  energy.	  
•  Rain	  rates	  are	  es;mated	  by	  measuring	  the	  
absorp;on	  of	  certain	  microwave	  frequencies.	  
See-‐to-‐the-‐ground	  frequencies	  are	  used	  as	  
reference.	  

•  Current	  satellites	  do	  not	  provide	  con;nuous	  
global	  monitoring	  of	  rain	  rates	  by	  microwave	  
sensing,	  but	  provide	  a	  sampling,	  with	  mul;ple	  
observa;ons	  of	  most	  areas	  each	  day.	  



Atmospheric	  Transmission	  at	  Microwave	  Wavelengths	  
Dry	  air	  versus	  air	  with	  water	  vapor	  (missing	  liquid	  water	  spectrum)	  

Band	  18-‐22	  
(≈183.31	  GHz)	  

Band	  17	  
(≈165.5	  GHz)	  

Band	  3-‐14	  
(≈55	  GHz)	  

Band	  1	  
(23.8	  GHz)	  
Band	  2	  

(31.399	  GHz)	  

ATMS	  Channels	  
High	  transmissivity	  
returns	  surface	  
temperature	  

Low	  wet	  air	  
transmissivity	  

returns	  moisture	  
temperature	  

Low	  dry	  air	  
transmissivity	  
returns	  air	  
temperature	  



SNPP	  ATMS	  Inter-‐channel	  Comparison	  

Cold	  	  
lakes	  

Rain	  clouds	  

Swirl	  of	  	  
	  cloud	  

Ch1	  (23.8	  GHz)	   Ch2	  (31.4	  GHz)	   Ch4	  (51.76	  GHz)	  

Ch16	  (88.2	  GHz)	   Ch17	  (165.5	  GHz)	   Ch19	  (183.31±4.5	  GHz)	  

Cold	  	  
air	  on	  	  
lakes	  



Thermal	  Infrared	  Rain	  Rates	  

There	  is	  a	  
general	  
rela;onship	  
between	  cloud	  
top	  
temperature	  
and	  rain	  rate.	  



Best	  source	  for	  satellite	  rain	  rates	  
Access	  to	  hourly	  
global	  rainfall	  maps	  
in	  near	  real	  ;me	  
(about	  four	  hours	  
aner	  observa;on)	  
using	  the	  combined	  
MW-‐IR	  algorithm	  
with	  TRMM	  TMI,	  
Aqua	  AMSR-‐E,	  
GCOM-‐W1	  AMSR2,	  
DMSP	  SSM/I	  and	  
SSMIS,	  NOAA-‐19	  
AMSU,	  MetOp-‐A	  
AMSU	  and	  GEO	  IR	  
data.	  



Input	  into	  predic;on	  and	  warning	  models	  
	  •  Observa;on	  of	  storms	  

–  Predic;on	  of	  storm	  tracks	  
–  Rain	  rates	  
–  Wind	  speeds,	  wind	  direc;ons	  
–  Storm	  surge	  predic;ons	  

•  Geosta;onary	  weather	  satellites	  provide	  many	  
observa;ons	  in	  a	  day.	  	  Repeat	  cycles	  range	  from	  hours	  to	  
minutes.	  MTSAT	  covers	  this	  region.	  High	  orbits	  limit	  spa;al	  
resolu;on.	  Poor	  coverage	  of	  polar	  regions.	  

•  Polar	  orbi;ng	  weather	  satellites	  provide	  data	  twice	  daily.	  
•  To	  reduce	  temporal	  latency	  collect	  data	  with	  local	  ground	  

sta;on.	  



Typhoon	  Haiyan	  Track	  Predic;on	  



Storm	  
Surge	  

Predic;on	  
Model	  



Storm	  Surge	  Predic;on	  

In	  the	  northern	  
hemisphere	  storm	  
rotate	  
counterclockwise.	  
Wind	  drives	  a	  bulge	  
in	  the	  sea	  surface.	  	  
Surge	  is	  worst	  in	  
the	  right-‐forward	  
quadrant	  of	  the	  
storm.	  
	  



Input	  into	  predic;on	  and	  warning	  models	  
Topographic	  Data	  Are	  Essen;al	  For	  Flood	  Predic;on	  

LIDAR	  (light	  
detec;on	  and	  
ranging)	  systems	  
are	  producing	  
the	  best	  
topographic	  
data.	  



Input	  into	  predic;on	  and	  warning	  models	  
Constructed	  Surface	  Density	  Grids	  Are	  Essen;al	  For	  

Flood	  Predic;on	  in	  Urban	  Areas	  

Various	  
techniques	  
are	  used.	  



Observa;on	  of	  the	  severity	  of	  disaster	  events	  
Observa;on	  of	  Inunda;on	  

•  Low	  reflec;vity	  of	  water	  in	  op;cal	  imagery	  
– Even	  muddy	  water	  has	  low	  (near	  zero)	  reflec;vity	  
in	  near-‐infrared	  and	  short-‐wave	  infrared	  	  

– Wide	  range	  of	  sources	  with	  varying	  spa;al	  
resolu;ons.	  	  Inverse	  rela;onship	  between	  spa;al	  
resolu;on	  and	  repeat	  cycle,	  cost	  

– Only	  works	  in	  day	  
– Low	  tolerance	  to	  cloud	  cover	  

	  



Landsat	  8	  detec;on	  of	  inunda;on	  in	  	  Cambodia	  
June	  9,	  2013	   October	  31,	  2013	  



Landsat	  8	  detec;on	  of	  inunda;on	  in	  	  Cambodia	  
June	  9,	  2013	   October	  31,	  2013	  



Scavergram	  B7	  vs	  B10	  

Open	  	  
water	  



Landsat	  8	  detec;on	  of	  inunda;on	  in	  	  Cambodia	  
October	  31,	  2013	  

Flooded	  areas	  iden;fied	  from	  
SWIR	  versus	  TIR	  scavergram	  

Flooded	  areas	  and	  cloud	  shadows	  are	  dark	  in	  SWIR	  
Thermal	  is	  used	  to	  dis;nguish	  flooded	  areas	  from	  cloud	  shadows	  



Java	  image	  from	  VIIRS	  Jan.	  22,	  2014	  
hvp://ngdc.noaa.gov/eog/viirs/download_indonesia.html	  

Imaging	  spectral	  bands	  provide	  400	  meter	  resolu;on	  data	  



RADAR	  detec;on	  of	  flooding	  
•  Low	  backscaver	  of	  
water	  in	  radar	  
imagery	  
– Water	  covered	  areas	  
are	  dark	  

– Primarily	  from	  
commercial	  sources	  

– Radar	  works	  day	  or	  
night	  in	  all	  weather	  
condi;ons	  



Radarsat	  map	  
of	  Cambodia	  
flooding	  



Observa;on	  of	  the	  severity	  of	  disaster	  events	  
Drought	  

•  Predic;on	  based	  on	  
rain	  rates	  and	  
surface	  
temperature	  
paverns	  

•  Severity	  measured	  
with	  NIR/red	  
vegeta;on	  index	  
declines	  



Observa;on	  of	  the	  severity	  of	  disaster	  events	  
Affected	  Popula;on	  

	  •  Overlay	  affected	  area	  with	  popula;on	  grid	  

U.S.	  Department	  of	  Energy	  Landscan	  popula;on	  count	  grid	  



Damage	  assessment	  
	   Visual	  

assessment	  
using	  high	  
spa;al	  
resolu;on	  
imagery	  from	  
commercial	  
providers.	  
Problems	  with	  
cloud	  
obscura;on	  
and	  small	  
image	  coverage	  
areas.	  
	  



Damage	  assessment	  
	  



Crop	  
damage	  

assessment	  
	  

The	  satellite	  images	  	  is	  displayed	  in	  a	  manner	  (false	  	  color	  infrared)	  which	  portrays	  vegeta;on	  as	  a	  range	  of	  red	  
colors.	  Humans	  can	  dis;nguish	  more	  varia;ons	  of	  the	  color	  red	  than	  any	  other,	  and	  thus	  falsecolor	  infrared	  
imagery	  is	  especially	  useful	  to	  agricultural	  analysts	  by	  highligh;ng	  subtle	  differences	  in	  crop	  condi;ons.	  The	  
sample	  images	  provided	  here	  (above	  and	  below)	  were	  annotated	  to	  show	  examples	  a	  few	  of	  the	  discernable	  
characteris;cs	  which	  are	  widely	  evident	  in	  various	  areas	  throughout	  the	  images	  (H=harvested;	  E=emerging;	  
M=maturing;	  C=cul;vated;	  D=damaged;	  N=non-‐crop	  vegeta;on).	  



Crop	  
damage	  

assessment	  
	  



Gravity	  Recovery	  and	  Climate	  Experiment	  
(GRACE)	  NASA/JPL	  and	  the	  German	  

Aerospace	  Center	  
	  
GRACE,	  twin	  satellites	  
launched	  in	  March	  
2002,	  are	  making	  
detailed	  
measurements	  of	  
Earth's	  gravity	  field	  
which	  will	  lead	  to	  
discoveries	  about	  
gravity	  and	  Earth's	  
natural	  systems.	  
These	  discoveries	  
could	  have	  far-‐
reaching	  benefits	  to	  
society	  and	  the	  
world's	  popula;on.	  



GRACE	  Observa;on	  of	  groundwater	  
The	  map	  shows	  groundwater	  changes	  
in	  India	  during	  2002-‐08,	  with	  losses	  in	  
red	  and	  gains	  in	  blue,	  based	  on	  GRACE	  
satellite	  observa;ons.	  The	  es;mated	  
rate	  of	  deple;on	  of	  groundwater	  in	  
northwestern	  India	  is	  4.0	  cen;meters	  
of	  water	  per	  year,	  equivalent	  to	  a	  
water	  table	  decline	  of	  33	  cen;meters	  
per	  year.	  Increases	  in	  groundwater	  in	  
southern	  India	  are	  due	  to	  recent	  
above-‐average	  rainfall,	  whereas	  rain	  in	  
northwestern	  India	  was	  close	  to	  
normal	  during	  the	  study	  
period.	  Credit:	  I.	  Velicogna/UC	  Irvine	  



NASA/JPL	  Orbital	  Carbon	  
Observatory	  (OCO-‐2)	  is	  
designed	  to	  provide	  
global	  data	  on	  
atmospheric	  carbon	  
dioxide	  levels	  at	  spa;al	  
resolu;ons	  suitable	  for	  
regional	  source	  /	  sink	  
analyses.	  



Summary	  	  
•  A	  wide	  range	  of	  remote	  sensing	  systems	  collect	  data	  over	  the	  Lower	  

Mekong	  region.	  
•  Meteorological	  satellite	  data	  –	  geosta;onary	  and	  polar	  

–  Rain	  rates,	  storm	  track	  predic;ons,	  surge	  predic;ons,	  drought	  
predic;ons	  

–  Flooding	  (limited	  to	  day;me	  /	  cloud	  free	  observa;ons)	  
–  Drought	  losses	  in	  green	  vegeta;on	  

•  Moderate	  resolu;on	  satellite	  data	  (e.g.	  Landsat	  8)	  
–  Flooding	  
–  Damage	  assessment	  of	  crops	  
–  Density	  of	  constructed	  surfaces	  

•  High	  spa;al	  resolu;on	  remote	  sensing	  data	  
–  Damage	  assessment	  for	  infrastructure	  and	  crops	  
–  Genera;on	  of	  topographic	  data	  
–  Density	  of	  constructed	  surfaces	  

•  Specialized	  sensors	  provide	  unique	  data:	  GRACE,	  OCO-‐2,	  VIIRS	  DNB.	  


