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Is	
  this	
  a	
  homogenous	
  landscape?	
  



Adopted	
  from	
  a	
  version	
  by	
  HaPE	
  Schmid	
  (KIT)	
  

Flux	
  towers	
  see	
  the	
  trees	
  for	
  the	
  forest…	
  



Earth	
  system	
  models	
  see	
  green	
  slime	
  

Desai	
  et	
  al.,	
  2015,	
  AFM	
  



Heterogeneous	
  sites	
  have	
  worse	
  	
  
energy	
  balance	
  closure	
  (EBC)	
  

Stoy	
  et	
  al.,	
  2013,	
  AFM	
  

EBC=	
  
H+Le	
  
-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
Rnet-­‐G	
  

Greenness	
  spa`al	
  variance	
  



Landscape	
  variance	
  poten`ally	
  drives	
  sta`onary	
  eddies	
  

Mauder	
  et	
  al.,	
  2008,	
  BLM	
  



What	
  to	
  Do?	
  

•  1)	
  Assume	
  what	
  tower	
  sees	
  is	
  representa`ve	
  
of	
  whole,	
  maybe	
  screen	
  for	
  poor	
  energy	
  
balance	
  

•  2)	
  Build	
  more	
  towers	
  and	
  fuse	
  them	
  someway	
  
•  3)	
  Make	
  a	
  taller	
  tower	
  
•  4)	
  Use	
  a	
  scaling	
  func`on	
  based	
  on	
  differences	
  
of	
  sample	
  area	
  and	
  region	
  of	
  interest:	
  
sampling	
  tower	
  like	
  model	
  or	
  model	
  like	
  tower	
  



What	
  to	
  Do?	
  

•  1)	
  Assume	
  what	
  tower	
  sees	
  is	
  representa`ve	
  
of	
  whole,	
  maybe	
  screen	
  for	
  poor	
  energy	
  
balance	
  

•  2)	
  Build	
  more	
  towers	
  and	
  fuse	
  them	
  someway	
  



•  How	
  homogenous	
  is	
  homogenous	
  enough?	
  
– How	
  well	
  does	
  a	
  single	
  eddy	
  flux	
  tower	
  represent	
  a	
  
typical	
  earth	
  system	
  model	
  domain	
  (10x10	
  km)	
  mean	
  
surface	
  energy	
  fluxes	
  and	
  how	
  does	
  mean	
  flux	
  and	
  
energy	
  balance	
  closure	
  vary	
  with	
  surface	
  flux	
  
heterogeneity?	
  

•  How	
  many	
  flux	
  towers	
  are	
  towers	
  enough?	
  
–  If	
  you	
  had	
  mul`ple	
  towers,	
  how	
  many	
  would	
  you	
  
need	
  before	
  sufficiently	
  sampling	
  domain	
  mean	
  flux?	
  
Are	
  there	
  smarter	
  ways	
  to	
  compute	
  the	
  mean	
  flux	
  
when	
  you	
  have	
  mul`ple	
  towers?	
  

QUESTIONS	
  





Meet	
  SAM	
  
•  SAM:	
  System	
  for	
  Atmospheric	
  Modeling	
  LES	
  
–  Khairoutdinov	
  and	
  Randall	
  (2003)	
  
–  256x256x128	
  grid	
  points,	
  0.4	
  s	
  temporal	
  
–  10x10	
  km	
  domain	
  intended	
  to	
  represent	
  Park	
  Falls,	
  WI	
  US-­‐
PFa	
  Very	
  Tall	
  Tower	
  in	
  Northern	
  Wisconsin	
  

–  40x40m	
  horizontal,	
  ~10m	
  in	
  ver`cal	
  near	
  surface	
  
–  Periodic	
  horizontal	
  boundary	
  condi`ons,	
  mid-­‐summer	
  
ini`al	
  profile	
  

–  1.5	
  order	
  sub-­‐grid	
  closure	
  
–  Analysis	
  of	
  single	
  30	
  minute	
  period	
  aker	
  spin	
  up	
  with	
  flux	
  
tower	
  based	
  surface	
  energy	
  forcing	
  (1-­‐D	
  varia`on	
  only)	
  

–  Flux	
  towers	
  (w,q,t,p)	
  sampled	
  at	
  75m	
  ver`cal	
  level	
  



Forcing	
  from	
  tower-­‐based	
  
observa`onal	
  scaling	
  



LES	
  cases	
  have	
  to	
  be	
  simplified	
  



Sample	
  LES	
  like	
  a	
  flux	
  tower	
  



Where	
  would	
  you	
  put	
  your	
  tower?	
  



Sampling	
  LES	
  fluxes	
  like	
  a	
  tower	
  (RED)	
  leads	
  to	
  greater	
  biases	
  in	
  
heterogeneous	
  simula`on	
  when	
  compared	
  to	
  space-­‐`me	
  average	
  (BLACK)	
  

SENSIBLE	
  HEAT	
  (H)	
   LATENT	
  HEAT	
  (LE)	
  



In	
  both	
  cases,	
  a	
  single	
  random	
  tower	
  could	
  vary	
  by	
  ~60%	
  of	
  mean	
  domain	
  
flux,	
  and	
  heterogeneous	
  simula`on	
  more	
  consistently	
  low	
  biased	
  

Interes`ngly,	
  
convergence	
  on	
  
domain	
  mean	
  flux	
  
(<10%	
  error)	
  with	
  
mul`ple	
  towers	
  in	
  LES	
  
happens	
  around	
  ~10	
  
towers,	
  about	
  sample	
  
as	
  number	
  of	
  towers	
  
needed	
  to	
  sample	
  
land	
  cover	
  variance	
  in	
  
actual	
  domain	
  

SENSIBLE	
  HEAT	
  (H)	
   LATENT	
  HEAT	
  (LE)	
  



Could	
  we	
  take	
  advantage	
  of	
  
mul`ple	
  towers	
  in	
  a	
  beper	
  way?	
  	
  







NOTE:	
  In	
  this	
  scenario,	
  only	
  one	
  of	
  the	
  towers	
  is	
  high-­‐frequency,	
  rest	
  are	
  T/Q	
  only	
  



Spa`al	
  covariance	
  approaches	
  do	
  improve	
  the	
  flux	
  
rela`ve	
  to	
  domain	
  mean,	
  but	
  in	
  different	
  ways	
  

Median	
  bias	
  (N=250)	
  

MAUDER=	
  	
  
Only	
  one	
  flux	
  tower	
  

ENGELMANN	
  

STEINFELD	
  

JUST	
  AVERAGING	
  
TOWERS	
  



Our	
  results	
  on	
  S07	
  method	
  consistent	
  with	
  their	
  paper	
  
and	
  suggests	
  energy	
  balance	
  may	
  be	
  addressed	
  with	
  
density	
  of	
  ~10-­‐20	
  towers	
  per	
  100	
  square	
  kilometers	
  

So	
  we	
  only	
  need	
  70	
  million	
  towers?	
  



WED	
  6.1	
  8:00	
  am	
  Arches	
  



WED	
  6.2	
  8:15	
  am	
  Arches	
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Experimental	
  Design	
  
•  Distribute	
  20+	
  eddy	
  covariance	
  flux	
  towers	
  (red	
  

dots)	
  within	
  10x10	
  km	
  box	
  (black	
  box,	
  right)	
  
around	
  WLEF	
  tall	
  tower	
  (blue	
  cross).	
  Run	
  
con`nuously	
  July-­‐Oct,	
  top	
  of	
  canopy	
  fluxes	
  +	
  
micromet	
  profiles	
  
•  Ecology	
  and	
  phenology	
  bi-­‐weekly	
  sampling	
  

at	
  all	
  towers	
  

•  Place	
  in-­‐situ	
  and	
  remote	
  profiling	
  instruments	
  in	
  
100	
  m	
  clearing.	
  

•  3	
  IOPs	
  in	
  late	
  Jul,	
  late	
  Aug,	
  late	
  Sep	
  with	
  airborne	
  
legs	
  in	
  2	
  km	
  spacing	
  at	
  500	
  and	
  1000	
  k	
  AGL	
  
(purple	
  lines).	
  
•  Upward	
  poin`ng	
  LiDAR	
  to	
  map	
  PBL	
  dept.	
  

Raman	
  LiDAR	
  for	
  profiles	
  of	
  temperature	
  
and	
  water	
  vapor,	
  if	
  possible	
  

•  Single	
  hyperspectral	
  visible-­‐IR	
  and	
  canopy	
  
LiDAR	
  mapping	
  mission	
  from	
  NASA	
  G-­‐LiHT,	
  
poten`ally	
  integrated	
  with	
  UWKA	
  

	
  
•  LES	
  simula`ons	
  for	
  each	
  IOP	
  and	
  select	
  cases	
  

across	
  study	
  period	
  



Thank	
  you	
  

•  How	
  many	
  flux	
  towers	
  do	
  you	
  need?	
  	
  
– Depends	
  on	
  how	
  you	
  use	
  them	
  and	
  your	
  site	
  
spa`al	
  heterogeneity!	
  

•  DOE	
  LBL	
  Ameriflux	
  Network	
  Management	
  
Project	
  subaward	
  to	
  ChEAS	
  Core	
  Site	
  Cluster	
  

•  NEON,	
  Inc.	
  


