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•  Ecological	  baseline	  studies	  of	  
offshore	  wind	  power	  already	  
performed	  (shown	  to	  leO)	  

•  Avian	  species	  
•  Fisheries	  
•  Marine	  Mammals	  
•  Sea	  turtles	  

•  This	  project	  will	  perform	  
physical	  baseline	  study	  



Risks	  
1.  Wind	  park	  design:	  

•  What	  is	  the	  op7mal	  spacing	  of	  wind	  turbines?	  

2.  Installa7on:	  	  
•  When	  is	  the	  best	  7me	  to	  install	  planned	  and	  future	  

wind	  turbines?	  	  

3.  Opera7on:	  	  
•  When	  do	  you	  schedule	  maintenance?	  How	  do	  you	  

forecast	  power	  for	  the	  day-‐ahead	  market?	  

4.  	  Planning:	  	  
•  Where	  do	  we	  site	  future	  wind	  parks?	  



Risk	  reducAon	  
We	  will	  develop	  an	  improved	  
weather	  model	  and	  spa7al	  
datasets	  for:	  
1. 	  Design	  and	  installa7on	  of	  
currently	  proposed	  wind	  parks	  
2. 	  Comparison	  with	  ecological	  
studies	  for	  si7ng	  of	  future	  wind	  
parks	  
3. 	  Future	  opera7ons	  and	  
maintenance	  of	  wind	  parks	  
4. 	  More	  accurate	  day-‐ahead	  
forecasts	  for	  the	  energy	  market	  	  

90	  m	  Annual	  Wind	  Speed	  (m/s)	  and	  	  
Direc7on	  from	  RU-‐WRF	  

!



Why	  do	  we	  need	  a	  beIer	  atmospheric	  model?	  
Seasonal	  Sea	  Surface	  Temperature	  NJ	  Sea	  Breeze	  



How	  do	  we	  ensure	  we	  have	  a	  beIer	  
atmospheric	  model?	  

•  Ver7cal	  valida7on	  	  
–  Coastal/offshore	  monitoring	  sites	  

•  Horizontal	  valida7on	  	  
–  Surface	  current	  mapping	  (CODAR)	  
–  Satellite,	  weather	  radar	  



Coastal/Offshore	  Monitoring	  	  
Meteorological	  Tower	  	   Meteorological	  Buoy	  

! ! !

Offshore	  verAcal	  LIDAR	  

Coastal/Offshore	  Scanning	  LIDAR	   Infrared	  Satellite	   Coastal	  Radar	  (CODAR)	  



Large-‐Scale	  and	  Small-‐Scale	  Offshore	  Wind	  
Our	  experience	  with	  both	  atmospheric	  and	  oceanographic	  monitoring	  and	  modeling	  

will	  provide	  the	  best	  es7mates	  of	  offshore	  wind	  along	  the	  coast	  of	  New	  Jersey.	  
 

Infrared	  Satellite	  
Weather	  Radar	  

RU-‐WRF	  Model	  2km	  SimulaAon	  	  



OperaAonal	  Mesoscale	  Modeling	  with	  RU-‐WRF	  
RU-‐WRF	  has	  been	  proven	  
to	  be	  a	  highly	  successful	  
and	  trusted	  tool	  in	  the	  
predic7on	  of	  day-‐to-‐day,	  
severe,	  and	  offshore	  
weather.	  	  	  
	  
RU-‐WRF	  has	  been	  used	  to	  
forecast	  day-‐to-‐day	  and	  
severe	  weather	  condi7ons	  
for	  PSEG	  for	  more	  than	  
seven	  years.	  	  The	  model	  
has	  been	  used	  for	  
oceanographic	  projects	  
funded	  by	  the	  Navy,	  NSF,	  
etc.	  	  	  

Surface	  Temperature	   Wind	  Speed	  @	  10	  m	  



RU-‐WRF	  was	  the	  first	  opera7onal	  weather	  model	  (US	  Gov.	  or	  otherwise)	  to	  accurately	  
predict	  the	  path	  of	  Tropical	  Storm	  Ernesto	  through	  the	  Middle-‐Atlan7c	  States	  in	  2006.	  

OperaAonal	  Mesoscale	  Modeling	  with	  RU-‐WRF	  



Capability	  of	  Real-‐7me	  Energy	  Forecasts	  
	  
• Energy	  Yield	  
• Severe	  Weather	  Outage	  

•  Tropical	  Storms	  
•  Nor’easters	  
•  Thunderstorms/lightning	  
•  Ice	  Accre7on	  

	  
Inaccessibility	  due	  to	  high	  seas	  and	  winds	  

•  Real-‐7me	  
•  Construc7on	  
•  Climatological	  

OperaAonal	  Mesoscale	  Modeling	  with	  RU-‐WRF	  



Scope	  of	  Work	  Details	  
1.   Develop	  high	  resoluAon,	  3-‐D	  microscale	  model	  that	  will	  

accurately	  define	  the	  general	  coastal/offshore	  wind	  
resource	  along	  with	  resolving	  local	  wind	  resource	  
perturbaAons,	  such	  as	  the	  sea	  breeze	  circulaAon,	  
turbulence	  intensity,	  and	  wind	  shear.	  

	  



•  3	  km	  horizontal	  resoluAon	  
over	  NY	  Bight	  

•  750	  m	  horizontal	  
resoluAon	  over	  study	  area	  

	  
Model	  will	  run	  in	  	  
real-‐7me,	  for	  precise	  	  
comparison	  to	  onsite	  	  
met	  towers	  

Proposed	  WRF	  domains	  

Data	  will	  be	  extracted	  	  
from	  the	  model	  at	  a	  
selected	  array	  of	  grid	  
points	  within	  the	  study	  
domain	  producing	  several	  
“Virtual”	  Meteorological	  
Towers.	  
 



Meteorological	  Tower	  provides	  data	  at	  
instrumented	  heights	  at	  a	  single	  loca7on	  

Virtual	  Meteorological	  Tower	  provides	  
data	  at	  any	  desired	  height	  at	  any	  loca7on	  	  

Meteorological	  Tower	  vs.	  	  
Model	  Virtual	  Meteorological	  Tower	  

The	  Virtual	  Met	  
Tower	  can	  allow	  for	  
addi7onal	  variables	  
to	  be	  calculated	  such	  
as	  temperature,	  air	  
density,	  turbulence,	  
poten7al	  turbine	  
icing,	  and	  blade	  
swept	  area	  wind	  
shear.	  
	  



WRF	  3km	  Outer	  Domain	  Example	  



WRF	  0.75km	  Inner	  Domain	  Example	  



WRF	  0.75km	  Hub	  Heights,	  Shear	  Example	  



Scope	  of	  Work	  Details	  
1.  Develop	  high	  resolu+on,	  3-‐D	  microscale	  model	  that	  will	  

accurately	  define	  the	  general	  coastal/offshore	  wind	  
resource	  along	  with	  resolving	  local	  wind	  resource	  
perturba7ons,	  such	  as	  the	  sea	  breeze	  circula7on,	  
turbulence	  intensity,	  and	  wind	  shear.	  

2.   High	  resoluAon	  boundary	  condiAons	  to	  resolve	  
upwelling	  centers.	  

	  





Surface Temperature  10m Wind

Upwelling Case
Sea	  Breeze	  Development	  	  

RU-‐WRF	  Model	  SimulaAon	  	  
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Figure 37: Sea surface temperature ( C) used for the actual SST case July 5, 2004. 

 

Infrared	  Satellite	  	  



Sea	  Breeze	  Development	  	  

Infrared	  Satellite	  	   RU-‐WRF	  Model	  SimulaAon	  	  
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Figure 41: Sea surface temperature ( C) used for the July 16 SST case July 5, 2004. 
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NJ	  Sea	  Breeze	  Event	  	  

RU-‐WRF	  Model	  2km	  SimulaAon	  	  

Wind Speed [m/s] 



NJ	  Sea	  Breeze	  Cross	  SecAon	  
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We	  can	  now	  resolve	  upwelling…	  
MODIS	  7-‐day	  

(old	  method)	  
Cloud	  Masking	  

(old	  method)	  
*Cloud	  Masking*	  

(new	  method)	  



…and	  SST	  for	  hurricane	  simulaAons:	  	  
e.g.	  Hurricane	  Irene	  

Difference	  Warm	   Cold	  	  
(our	  enhanced	  product)	  



Hurricane	  Irene	  Wind	  Speed	  
Warm	  SST	   Cold	  SST	  	  

(our	  enhanced	  product)	  



Scope	  of	  Work	  Details	  
1.  Develop	  high	  resolu+on,	  3-‐D	  microscale	  model	  that	  will	  

accurately	  define	  the	  general	  coastal/offshore	  wind	  
resource	  along	  with	  resolving	  local	  wind	  resource	  
perturba7ons,	  such	  as	  the	  sea	  breeze	  circula7on,	  
turbulence	  intensity,	  and	  wind	  shear.	  

2.  High	  resolu7on	  boundary	  condi7ons	  to	  resolve	  
upwelling	  centers.	  

3.   Map	  surface	  currents	  to	  confirm	  horizontal	  wind	  and	  
sea	  state	  distribuAons	  at	  the	  microscale.	  

	  



Enhanced	  Hi-‐resoluAon	  HF	  radar	  Coverage	  

Horizontal	  Resolu7on:	  6	  km	  
Temporal	  Average:	  3	  hours	   Horizontal	  Resolu7on:	  1	  km	  

Temporal	  Average:	  1	  hour	  (or	  less)	  



 

 

•  	  Rotate	  wind	  vectors	  according	  to	  complex	  correla7on	  
•  	  Calculate	  the	  slope	  and	  intercept	  of	  best	  fit	  line	  

U'c(x,y,t)	  	  =	  	  slope(x,y)*W'(t)	  	  	  	  
	  	  

HF	  Radar	  Derived	  Linear	  Wind	  Model	  
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CODAR	  Sea	  Surface	  Current	  Examples	  	  



Scope	  of	  Work	  Details	  
1.  Develop	  high	  resolu7on,	  3-‐D	  microscale	  model	  that	  will	  

accurately	  define	  the	  general	  coastal/offshore	  wind	  
resource	  along	  with	  resolving	  local	  wind	  resource	  
perturba7ons,	  such	  as	  the	  sea	  breeze	  circula7on,	  
turbulence	  intensity,	  and	  wind	  shear.	  

2.  High	  resolu7on	  boundary	  condi7ons	  to	  resolve	  
upwelling	  centers.	  

3.  Map	  surface	  currents	  to	  confirm	  horizontal	  wind	  and	  
sea	  state	  distribu7ons	  at	  the	  microscale.	  

4.   VerAcal	  validaAon	  from	  monitoring	  sites.	  
	  



Coastal/Offshore	  Monitoring	  	  
Meteorological	  Tower	  	   Meteorological	  Buoy	  

! ! !

Offshore	  verAcal	  LIDAR	  

Coastal/Offshore	  Scanning	  LIDAR	   Infrared	  Satellite	   Coastal	  Radar	  (CODAR)	  



1.  Develop	  high	  resolu7on,	  3-‐D	  microscale	  model	  that	  will	  
accurately	  define	  the	  general	  coastal/offshore	  wind	  
resource	  along	  with	  resolving	  local	  wind	  resource	  
perturba7ons,	  such	  as	  the	  sea	  breeze	  circula7on,	  turbulence	  
intensity,	  and	  wind	  shear.	  

2.  High	  resolu7on	  boundary	  condi7ons	  to	  resolve	  upwelling	  
centers.	  

3.  Map	  surface	  currents	  to	  confirm	  horizontal	  wind	  and	  sea	  
state	  distribu7ons	  at	  the	  microscale.	  

4.  Ver7cal	  valida7on	  from	  monitoring	  sites.	  
5.   Run	  for	  at	  least	  one	  year	  over	  a	  sea	  breeze	  season	  to	  

populate	  database	  and	  calculate	  hourly	  staAsAcs	  by	  
month.	  

Scope	  of	  Work	  Details	  



Virtual	  Meteorological	  Tower	  Output	  at	  48	  locaAons	  	  

Wind	  speed	  data	  at	  any	  desired	  
height	  above	  the	  water	  surface	  on	  
hourly,	  daily,	  monthly,	  annual,	  and	  
long-‐term	  temporal	  scales.	  

Wind	  Speed	  Rose	  (blue)	  and	  Energy	  Rose	  
(red)	  –	  Crucial	  for	  determining	  turbine	  
layout	  for	  energy	  op7miza7on	  and	  wake	  
impact.	  



Virtual	  Meteorological	  Tower	  Output	  at	  48	  locaAons	  
Example	  of	  wind	  speed	  (m/s)	  at	  tower	  
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Wind	  Power	  ProducAon	  (m3/s3)	  
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Deliverables	  
1.  Weather	  analysis	  database	  
2.  Surface	  current	  database	  
3.  Valida7on	  study	  

a.  Use	  our	  horizontal	  data	  plus	  OSW	  
developers’	  ver7cal	  data	  

4.  Summary	  sta7s7cs	  



RU-‐WRF	  to	  ROMS	  Coupling	  
Our	  atmospheric	  model,	  RU-‐WRF,	  will	  be	  coupled	  to	  our	  ocean	  model,	  ROMS	  (Regional	  Ocean	  

Modeling	  System),	  to	  inves7gate	  the	  effects	  of	  coastal	  upwelling	  on	  sea	  breeze	  ac7vity	  

ROMS	  SST	  and	  currents	  at	  200	  m	  RU-‐WRF	  Wind	  and	  Surface	  T	  



CODAR	  Network	   Glider	  Fleet	  L-‐Band	  &	  X-‐Band	  Satellite	  
Receivers	  

3-‐D	  Nowcasts	  
&	  Forecasts	  

Rutgers	  University	  -‐	  Coastal	  Ocean	  ObservaAon	  Lab	  
Observatory	  OperaAons	  &	  EducaAon	  Center	  



Conclusions	  
1.  A	  high	  resolu7on,	  sea	  breeze-‐resolving	  atmospheric	  

forecast	  model	  will	  be	  operated	  for	  at	  least	  one	  year	  to	  
fully	  encompass	  a	  winter	  storm	  and	  summer	  sea	  breeze	  
season	  	  

2.  Improved	  boundary	  condi7ons	  from	  de-‐clouded,	  
upwelling-‐resolving	  satellite	  SST	  will	  be	  used	  

3.  A	  unique	  observing	  network	  will	  be	  deployed	  to	  provide	  
spa7al	  valida7on	  data	  

4.  An	  annual	  database	  will	  be	  developed	  and	  summary	  
sta7s7cs	  calculated	  

5.  The	  results	  of	  this	  study	  will	  be	  used	  to	  develop	  
opera7onal	  predic7on	  models	  for	  weather	  forecas7ng	  
and	  energy	  produc7on	  projec7ons	  


