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Background	
  
Shallow	
  tropical	
  coral	
  reefs	
  and	
  sea	
  grasses	
  play	
  important	
  roles	
  in	
  
coastal	
  carbon	
  and	
  nutrient	
  cycles,	
  in	
  coastal	
  biodiversity	
  and	
  in	
  the	
  
economy	
  of	
  coastal	
  zones	
  
	
  
The	
  global	
  surface	
  area	
  of	
  both	
  coral	
  reefs	
  and	
  sea	
  grasses	
  has	
  
decreased	
  by	
  ~30%	
  in	
  the	
  last	
  100	
  years	
  
•  Natural	
  and	
  human	
  factors	
  interact	
  to	
  cause	
  decline	
  
	
  
Growing	
  sense	
  that	
  we	
  are	
  unable	
  to	
  understand	
  large-­‐scale	
  
biodiversity	
  and	
  rate	
  processes	
  (produc<vity,	
  respira<on,	
  calcifica<on,	
  
etc.,	
  without	
  significant	
  advances	
  in	
  remote	
  sensing	
  technologies:	
  

	
  -­‐	
  Hyperspectral	
  observa<ons	
  
	
  -­‐	
  Time	
  series	
  

	
  
High	
  relevance	
  of	
  HyspIRI	
  and	
  of	
  ‘synergis<c’	
  missions	
  including	
  PACE/
ACE,	
  GeoCAPE,	
  other	
  US	
  and	
  interna<onal	
  missions	
  

	
  



Project	
  
•  2011	
  Proposal	
  in	
  response	
  to	
  NASA	
  UAV	
  RFP	
  
•  Objec<ves:	
  Assess	
  unmanned	
  aerial	
  vehicle	
  (UAV)	
  
technologies	
  and	
  hyperspectral	
  observa<ons	
  to	
  befer	
  
understand	
  seagrass	
  and	
  coral	
  physiology	
  in	
  the	
  Florida	
  
Keys:	
  
–  Are	
  UAV	
  plahorms	
  accessible	
  to	
  scien<sts?	
  
–  Is	
  UAV	
  technology	
  ready	
  to	
  conduct	
  useful	
  science	
  or	
  
surveys?	
  

–  Are	
  there	
  hyperspectral	
  sensors	
  for	
  UAVs	
  to	
  complement	
  in	
  
situ	
  and	
  satellite	
  observa<ons?	
  

–  Help	
  develop	
  understanding	
  on:	
  Depth,	
  coral	
  cover,	
  water	
  
column	
  effects,	
  produc<vity,	
  calcifica<on,	
  respira<on,	
  etc.	
  



Approach	
  
•  Define	
  /	
  select	
  Study	
  Area	
  
•  Coordinate	
  with	
  NASA	
  and	
  UAS	
  CollaboraWve	
  on	
  UAV	
  
and	
  sensor	
  package	
  and	
  field	
  deployment	
  
–  Above	
  Water	
  Op<cs	
  
–  Subsurface	
  op<cal	
  Profiles	
  
– Moored	
  Packages	
  (<me	
  series)	
  
–  Incuba<on	
  tents	
  (USGS/K	
  Yates,	
  FWRI/P	
  Carlson)	
  
–  Data	
  Processing	
  /	
  archive	
  /	
  distribu<on	
  

	
  (C.	
  Hu,	
  FM-­‐K,	
  D	
  Ramsewak,	
  N	
  Melo,	
  S	
  Cerdeira,	
  D	
  Turk,	
  
	
  M	
  Vega,	
  G	
  Toro	
  Farmer,	
  W	
  McGillis)	
  



Field	
  
Deployment	
  

Sugarloaf	
  Key	
  

Key	
  West	
  

Moored	
  OpWcs	
  
Patch	
  Reef	
  2	
  

Patch	
  Reef	
  1	
  

Moored	
  OpWcs	
  

Seagrass	
  #5	
  

Loca<on	
  of	
  the	
  moored	
  
op<cal	
  packages.	
  Loca<on	
  of	
  
closest	
  benthic	
  chamber	
  
experiments	
  are	
  shown	
  as	
  a	
  
reference.	
  

Seagrass	
  Area	
  

Patch	
  Reef	
  Area	
  

Lower	
  Florida	
  Keys	
  



NASA	
  Research	
  Park	
  
Moffef	
  Field,	
  CA	
  

Stan	
  Herwitz,	
  CEO	
  
(project	
  PI)	
  



Project	
  Team	
  with	
  NASA	
  Sierra	
  UAV	
  at	
  
Key	
  West	
  Naval	
  Air	
  Sta<on	
  

AISA	
  



Pre-­‐Deployment	
  Preparatory	
  Ac<vi<es	
  
-­‐	
  Assemblage	
  of	
  op<cal	
  profiling	
  drop-­‐package.	
  
-­‐	
  Tested	
  op<cal	
  profiler	
  for	
  leaks	
  and	
  data	
  collec<on.	
  



Pre-­‐Deployment	
  Preparatory	
  Ac<vi<es	
  
-­‐	
  Tested	
  Buoyancy	
  and	
  manipula<on	
  of	
  underwater	
  equipment.	
  
-­‐	
  Tested	
  bofom	
  data	
  collec<on	
  procedures	
  

Underwater	
  Spectrometer	
  (GER)	
   Tes<ng	
  Bofom	
  Coverage	
  Procedures	
  



Field	
  Deployment:	
  
May	
  and	
  Oct	
  2012	
  

Loads	
  and	
  loads	
  of	
  
equipment	
  and	
  
materials	
  

Real	
  Wme	
  visualizaWon	
  of	
  
opWcal	
  profiles	
  

Work	
  boat	
  
Divers	
  ge`ng	
  ready	
  to	
  measure	
  
boaom	
  reflectance	
  



Flow-­‐through	
  system	
  –	
  Preliminary	
  Results	
  

May	
  22,	
  2012	
  
Horizontal	
  distribu<on:	
  
	
  
A.  Temperature	
  (°C)	
  
B.  Salinity	
  
C.  Chlorophyll	
  (Volts)	
  
D.  Colored	
  dissolved	
  

organic	
  mafer	
  
(CDOM,	
  Volts)	
  

A	
  

D	
  C	
  

B	
  



Above	
  Water	
  Bio-­‐Op<cs	
  Measurements	
  
Remote	
  Sensing	
  Reflectance	
   Above	
  Water	
  Irradiance	
   Flow-­‐through	
  System	
  

Water	
  leaving	
  Radiance	
  

Sky	
  Radiance	
   GPS	
  antenna	
   Radiometer	
  

Boat	
  equipped	
  with	
  flow-­‐
through	
  system	
  

Flow-­‐through	
  system	
  with	
  temperature,	
  
salinity,	
  turbidity,	
  chlorophyll	
  and	
  organic	
  

mafer	
  fluorometers	
  

Weather	
  was	
  cloudy,	
  open	
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Remote	
  Sensing	
  Reflectance	
  –	
  
Preliminary	
  Results	
  

Remote	
  Sensing	
  Reflectance	
  (Rrs)	
  for	
  
May	
  22,	
  2012:	
  
	
  
A.  Over	
  Seagrasses,	
  10:45	
  AM	
  

	
  (Light-­‐green	
  waters	
  
	
  	
  ~	
  20%	
  cloud	
  cover).	
  

B. 	
  Over	
  Patch	
  Reefs,	
  2:05	
  PM	
  	
  
	
  (Green	
  waters	
  	
  
	
  ~	
  40%	
  cloud	
  cover)	
  	
  

A	
  

B	
  



Op<cal	
  Profiles	
  

Deployment	
  of	
  the	
  op<cal	
  profiler	
  

Op<cal	
  profiler	
  +	
  CTD	
  above	
  patch	
  reefs.	
  
Measurements:	
  hyperspectral	
  radiance	
  and	
  
irradiance,	
  hyperspectral	
  absorp<on	
  and	
  
scafering,	
  chlorophyll	
  and	
  colored	
  dissolved	
  
organic	
  mafer	
  (CDOM)	
  fluorescence,	
  
backscafering,	
  temperature	
  and	
  salinity.	
  



Profiles	
  –	
  
Preliminary	
  
Results	
  

De
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(m

)	
  
De
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h	
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)	
  

Temperature	
  (ºC)	
   Salinity	
  A	
  

B	
  

Ver<cal	
  profiles	
  of	
  
temperature	
  and	
  salinity:	
  	
  
A.  Seagrass	
  area.	
  
B.  Patch	
  Reefs.	
  
	
  
Data	
  from	
  May	
  22,	
  2012	
  
near	
  the	
  moored	
  op<cal	
  
packages.	
  	
  



Underwater	
  spectrometer	
  



Moored	
  Packages	
  

Op<cal	
  package	
  (Seagrass	
  area).	
  
Measurements:	
  chlorophyll	
  and	
  colored	
  
dissolved	
  organic	
  mafer	
  (CDOM)	
  
fluorescence,	
  turbidity,	
  and	
  
backscafering.	
  

A.  Op<cal	
  package	
  +	
  CTD	
  (Patch	
  Reefs	
  
area).	
  Measurements:	
  chlorophyll	
  and	
  
colored	
  dissolved	
  organic	
  mafer	
  
(CDOM)	
  fluorescence,	
  turbidity,	
  and	
  
backscafering,	
  temperature	
  and	
  
salinity.	
  

B.  ADCP	
  current	
  meter:	
  measures	
  ver<cal	
  
profile	
  of	
  speed	
  and	
  direc<on	
  of	
  water.	
  

A	
  

B	
  



Moored	
  Packages	
  –	
  Preliminary	
  Results	
  

Current	
  Speed	
  (cm/s)	
  from	
  May	
  15	
  
to	
  22,	
  2012	
  every	
  10	
  minutes.	
  Data	
  
integrated	
  from	
  2	
  to	
  7.5	
  m	
  depth	
  
(+/-­‐0.5m).	
  Data	
  from	
  the	
  mooring	
  at	
  
8	
  m	
  deep	
  (Patch	
  Reef	
  area).	
  
	
  

N 

S 

E W 
cm/s 

cm
/s

 

Date 

Current	
  Direc<on	
  (degrees)	
  from	
  May	
  15	
  to	
  
22,	
  2012	
  every	
  30	
  minutes.	
  Magnitude	
  of	
  
arrows	
  represent	
  speed	
  (cm/s).	
  Data	
  
integrated	
  from	
  2	
  to	
  7.5	
  m	
  depth	
  (+/-­‐0.5m).	
  	
  



Moored	
  Packages	
  –	
  Preliminary	
  Results	
  

Temperature	
  (ºC)	
  and	
  Salinity	
  (PSU)	
  from	
  May	
  15	
  to	
  22,	
  2012	
  every	
  10	
  
minutes.	
  Data	
  from	
  the	
  mooring	
  at	
  8	
  m	
  deep	
  (Patch	
  Reefs	
  area).	
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SHARQ	
  Tent:	
  
	
  

Kim	
  Yates	
  /	
  USGS	
  

Con<nuously	
  measure	
  
community	
  respira<on,	
  
calcifica<on	
  rates,	
  and	
  various	
  
other	
  biogeochemical	
  
parameters	
  



In	
  situ	
  measurements	
  vs.	
  aerial	
  data	
  

In	
  situ	
  and	
  aerial	
  data	
  
co-­‐located	
  	
  for	
  
comparison	
  of	
  mul<-­‐	
  
and	
  	
  hyperspectral	
  
signatures.	
  

Chlorophyll	
  a	
  fluorescence	
  (counts)	
  
from	
  the	
  flow-­‐through	
  system.	
  

May	
  22,	
  2012	
  
Galileo	
  RGB	
  image.	
  

May	
  22,	
  2012	
  (apernoon)	
  

Image	
  courtesy	
  of	
  
Zhihong	
  Pan	
  
(Galileo)	
  



Data	
  Status	
  



Preliminary	
  Observa<ons	
  
	
  

•  In	
  situ:	
  
–  Theore<cal	
  background	
  for	
  shallow-­‐water	
  habitats	
  s<ll	
  being	
  developed	
  
–  Significant	
  effort	
  to	
  collect	
  sufficient	
  data	
  for	
  ground-­‐air	
  match	
  ups	
  (weather,	
  sea	
  state,	
  

turbidity,	
  etc.	
  etc.)	
  

•  UAV	
  technologies	
  have	
  their	
  own	
  universe	
  of	
  complexi<es	
  for	
  science	
  
deployments:	
  

–  FAA,	
  military,	
  other	
  rules	
  and	
  regula<ons	
  
•  Area	
  of	
  opera<ons,	
  observers,	
  	
  
•  Communica<ons	
  between	
  different	
  field	
  teams,	
  UAV	
  team	
  
•  Weather	
  and	
  cost	
  are	
  major	
  limita<ons	
  

–  Sensors:	
  
•  Small	
  hyperspectral	
  technology	
  for	
  aqua<c	
  opera<ons	
  s<ll	
  maturing	
  
•  Very	
  large	
  data	
  rates	
  	
  
•  Issues	
  with	
  geoloca<on,	
  naviga<ng	
  large	
  dataset	
  

UAV	
  technology	
  holds	
  significant	
  promise	
  to	
  examine	
  remote	
  areas	
  
where	
  very	
  high	
  spa<al	
  resolu<on,	
  low	
  al<tude,	
  long-­‐dura<on	
  flights	
  
(day-­‐long)	
  can	
  provide	
  unique	
  observa<ons	
  



Upcoming	
  Ac<vi<es	
  

•  Complete	
  present	
  deployment	
  in	
  FL	
  Keys	
  
•  Databases:	
  

–  Complete	
  an	
  open,	
  online	
  database	
  
–  Submission	
  to	
  

•  SeaBASS	
  
•  HyspIRI	
  spectral	
  library	
  

•  Con<nue	
  integra<on	
  of	
  physiological	
  and	
  bio-­‐
op<cal	
  data	
  for	
  assessments	
  of	
  diversity,	
  biomass	
  
and	
  rate	
  processes	
  

•  Plan	
  for	
  next	
  deployment	
  (May	
  2013)	
  


