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Experiment/Hypotheses	
  
•  Surface	
  Energy	
  Budget	
  and	
  Flux	
  Experiments	
  

	
  Hypothesis:	
  The	
  Monin-­‐Obukhov	
  Similarity	
  Theory	
  (MOST),	
  which	
  assumes	
  
horizontal	
  homogeneity	
  and	
  sta.onarity,	
  needs	
  to	
  be	
  more	
  thoroughly	
  
evaluated	
  for	
  mountainous	
  terrain.	
  Alterna.ve	
  formula.ons	
  may	
  be	
  
necessary	
  

•  Fine-­‐scale	
  Turbulence	
  and	
  Transport	
  Experiments	
  (Playa	
  and	
  Slope	
  sites)	
  
	
  Hypothesis:	
  Understanding	
  of	
  fine-­‐scale	
  surface-­‐layer	
  processes	
  (e.g.	
  
distorted	
  turbulent	
  eddies,	
  coherent	
  structures,	
  dissipa.on	
  mechanisms,	
  
and	
  small-­‐scale	
  advec.on)	
  may	
  lead	
  to	
  greatly	
  improved	
  surface	
  heat/
mass/momentum/moisture	
  flux	
  parameteriza.ons.	
  

•  Stable	
  Boundary	
  Layer	
  (SBL)	
  Evolu@on	
  Experiments	
  
	
  Hypotheses:	
  Quan.fica.on	
  of	
  the	
  evolu.on	
  of	
  SBL,	
  for	
  example	
  its	
  height	
  
and	
  strength	
  (i.e.,	
  buoyancy	
  frequency),	
  star.ng	
  from	
  the	
  evening	
  
transi.on	
  un.l	
  the	
  morning	
  break	
  up,	
  requires	
  delinea.on	
  of	
  the	
  physics	
  
of	
  two	
  transi.on	
  processes	
  and	
  processes	
  responsible	
  for	
  the	
  
development	
  of	
  nocturnal	
  stable	
  stra.fica.on.	
  In	
  par.cular,	
  understanding	
  
of	
  non-­‐equilibrium	
  (evolving)	
  turbulence	
  in	
  SBL	
  will	
  be	
  crucial.	
  



Broad	
  Goals	
  

•  Improved	
  understanding	
  of	
  Physics	
  
– Slope,	
  transitory	
  processes	
  ,	
  boundary	
  layer	
  fluxes,	
  
mul.-­‐scale	
  flow	
  interac.on	
  

•  Parameteriza.on	
  Development	
  

•  Model	
  Valida.on	
  

•  Sensor	
  Technology	
  Development	
  
– Flux	
  Richardson	
  number	
  probe	
  
– Low	
  cost	
  surface	
  temperature	
  sensors	
  



Improved	
  Understanding	
  of	
  
Physics	
  	
  

•  Build	
  on	
  recent	
  field	
  observa.on	
  campaigns	
  

–  BLLAST	
  Campaign	
  in	
  Lannemezan,	
  France	
  (June/July	
  2011)	
  
–  Swiss	
  Slope	
  Experiment	
  at	
  La	
  Fouly	
  (2010)	
  -­‐	
  EPFL	
  

•  BLLAST	
  –	
  Evening	
  Transi.on	
  Focus:	
  
–  Poor	
  understanding	
  of	
  Physical	
  Processes	
  during	
  Transitory	
  Periods	
  
–  Validity	
  of	
  classical	
  scaling	
  
–  Scalar	
  Fluxes	
  (e.g.	
  water	
  vapor,	
  CO2)	
  



Flat	
  Terrain	
  Decay	
  



Recent	
  Observa.ons	
  
Swiss	
  Slope	
  Experiment	
  with	
  EPFL	
  



Recent	
  Observa.ons	
  
Swiss	
  Slope	
  Experiment	
  with	
  EPFL	
  

Understanding	
  Slope	
  Transi.on	
  Physics	
  
1.  Rapid	
  surface	
  response	
  to	
  incoming	
  solar	
  radia.on	
  (Shadow	
  Front)	
  
2.  Quiescent	
  period	
  -­‐	
  Collapse	
  of	
  turbulence	
  
3.  Build	
  of	
  near	
  surface	
  stable	
  stra.fica.on	
  
4.  Skin	
  flow	
  forma.on	
  
Lasts	
  well	
  into	
  the	
  night	
  with	
  fluxes	
  measured	
  at	
  typical	
  heights	
  being	
  in	
  the	
  “wrong	
  
direc.on”	
  (very	
  problema.c	
  for	
  MOST	
  type	
  formula.ons)	
  

station ID increases with altitude 



Extended	
  Flux	
  Sta.ons	
  (EFS)	
  

EC	
  Sta.ons	
  that	
  will	
  measure	
  the	
  complete	
  SEB,	
  
CO2/H20	
  fluxes,	
  	
  

Plus	
  +	
  

•  Turbulent	
  winds	
  at	
  mul.ple	
  heights	
  

•  High	
  quality	
  radia.on	
  measurements	
  

•  High	
  quality	
  fast-­‐response	
  temperature	
  profile	
  
measurements	
  

•  Ground	
  temperature,	
  moisture	
  measurement	
  



Extended	
  Flux	
  Sta.ons	
  (EFS)	
  

Contras.ng	
  features:	
  
•  albedo,	
  
•  roughness	
  	
  
•  Moisture	
  availability	
  
•  	
  slope	
  angle	
  



Fine	
  Scale	
  Salt	
  Playa	
  Measurements	
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Photo	
  from	
  Klewicki/Metzger	
  	
  
Group	
  2005	
  SLTEST	
  Experiment	
  



Fine	
  Scale	
  Salt	
  Playa	
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Focus:	
  
Very	
  near	
  surface	
  processes	
  (Sub-­‐grid	
  
scale)	
  
1.  Detailed	
  understanding	
  thermal	
  

and	
  momentum	
  transport	
  budget	
  
during	
  the	
  nocturnal	
  inversion	
  
buildup	
  

2.  Evalua.on	
  of	
  Flux	
  Richardson	
  
number	
  Parameteriza.ons	
  

3.  Influence	
  of	
  various	
  levels	
  of	
  
synop.c	
  forcing	
  

Rif ~
g /Tv( ) ′w ′T
′u ′w ∂U / ∂z( )



Planned/Ongoing	
  work	
  

Fall	
  2011	
  
•  Experimental	
  Planning	
  

– Opera.onal	
  Plan	
  Development	
  
– Organiza.on	
  
– Equipment	
  prepara.on	
  &	
  Tes.ng	
  

•  Ini.al	
  Team	
  integra.on	
  efforts	
  
– Working	
  with	
  T	
  &	
  M	
  to	
  op.mize	
  experimental	
  
outcomes	
  


