
Land-Convection Interactions:   
A Coupled Problem 

Ahmed B. Tawfik, Paul Dirmeyer 
Center for Ocean-Land-Atmosphere Studies 



Overview 
Dry	
  Year	
  Wet	
  Year	
   Coupling	
  =	
  Response	
  of	
  precipitation	
  given	
  a	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  soil	
  moisture	
  perturbation	
  



Overview 

Dry	
  Anomaly	
  Wet	
  Anomaly	
  



Overview 

Dry	
  Anomaly	
  Wet	
  Anomaly	
  

LH	
   SH	
  LH	
   SH	
  



Overview 

Dry	
  Anomaly	
  Wet	
  Anomaly	
  

LH	
   SH	
  LH	
   SH	
  



Overview 

Dry	
  Anomaly	
  Wet	
  Anomaly	
  

LH	
   SH	
  LH	
   SH	
  



Overview 

Dry	
  Anomaly	
  Wet	
  Anomaly	
  

LH	
   SH	
  LH	
   SH	
  



Overview 

Dry	
  Anomaly	
  Wet	
  Anomaly	
  

LH	
   SH	
  LH	
   SH	
  

Posi5ve	
  Feedback	
   Nega5ve	
  Feedback	
  



Overview 

Posi%ve	
  Coupling	
  Pa0ern	
  from	
  many	
  GCMs	
  

(Koster	
  et	
  al.	
  2004)	
  



Overview 

Posi%ve	
  Coupling	
  Pa0ern	
  from	
  many	
  GCMs	
  

(Koster	
  et	
  al.	
  2006)	
  



Overview 

Posi%ve	
  Coupling	
  Pa0ern	
  from	
  many	
  GCMs	
  

(Koster	
  et	
  al.	
  2006)	
  

The	
  coupling	
  has	
  been	
  shown	
  to	
  be	
  most	
  sensi<ve	
  
to	
  the	
  convec<ve	
  scheme	
  and	
  likely	
  not	
  from	
  CLM	
  

(Mei	
  and	
  Wang	
  2012)	
  



Overview 

Posi%ve	
  Coupling	
  Pa0ern	
  from	
  many	
  GCMs	
  

(Koster	
  et	
  al.	
  2006)	
  

The	
  coupling	
  has	
  been	
  shown	
  to	
  be	
  most	
  sensi<ve	
  
to	
  the	
  convec<ve	
  scheme	
  and	
  likely	
  not	
  from	
  CLM	
  

(Mei	
  and	
  Wang	
  2012)	
  

How	
  is	
  convec<on	
  currently	
  triggered?	
  



1)  Current	
  Trigger:	
  	
  if	
  CAPE	
  >	
  70	
  J/kg	
  then	
  trigger	
  convec<on	
  
•  Evaluates	
  the	
  poten<al	
  energy	
  of	
  a	
  near-­‐surface	
  parcel	
  
•  Can	
  be	
  sensi<ve	
  to	
  surface	
  energy	
  fluxes	
  	
  
•  more	
  SH	
  =	
  more	
  CAPE;	
  more	
  LH	
  =	
  more	
  CAPE)	
  	
  



1)  Current	
  Trigger:	
  	
  if	
  CAPE	
  >	
  70	
  J/kg	
  then	
  trigger	
  convec<on	
  
•  Evaluates	
  the	
  poten<al	
  energy	
  of	
  a	
  near-­‐surface	
  parcel	
  
•  Can	
  be	
  sensi<ve	
  to	
  surface	
  energy	
  fluxes	
  	
  
•  more	
  SH	
  =	
  more	
  CAPE;	
  more	
  LH	
  =	
  more	
  CAPE)	
  	
  
***	
  Ignores	
  whether	
  satura<on	
  has	
  been	
  reached	
  	
  



2)  New	
  Trigger:	
  	
  RH	
  ~=	
  100%	
  at	
  PBL	
  top	
  
•  Satura<on	
  due	
  to	
  buoyant	
  mixing	
  
•  Physically	
  based	
  



Evap	
  

2)  New	
  Trigger:	
  	
  RH	
  ~=	
  100%	
  at	
  PBL	
  top	
  
•  Satura<on	
  due	
  to	
  buoyant	
  mixing	
  
•  Physically	
  based	
  

(Tawfik	
  and	
  Dirmeyer	
  2014)	
  



Evap	
  

2)  New	
  Trigger:	
  	
  RH	
  ~=	
  100%	
  at	
  PBL	
  top	
  
•  Satura<on	
  due	
  to	
  buoyant	
  mixing	
  
•  Physically	
  based	
  

(Tawfik	
  and	
  Dirmeyer	
  2014)	
  



Evap	
  

2)  New	
  Trigger:	
  	
  RH	
  ~=	
  100%	
  at	
  PBL	
  top	
  
•  Satura<on	
  due	
  to	
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  or	
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  based	
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  Does	
  the	
  mean	
  land	
  surface	
  and	
  near-­‐surface	
  change?	
  	
  

  Where	
  is	
  the	
  greatest	
  impact,	
  globally?	
  

  Does	
  it	
  change	
  the	
  soil	
  moisture-­‐precipita<on	
  coupling?	
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Focus on July 

•  Two simulations using CESM 1.2.0: 

  1.00 degree

  sim years:  2000-2010


•  Components:

  CAM 5.0 atmosphere

  CLM 4.0 land surface

  Data everything else


•  Only differ in Convective Triggering 
Mechanism

  CAPE triggering (instability)

  Buoyant Condensation Trigger
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  and	
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  Buoyant	
  condensa<on	
  trigger:	
  
•  More	
  heavy	
  precipita<on;	
  less	
  “drizzle”	
  precipita<on	
  
•  Produced	
  greatest	
  response	
  in	
  typical	
  “hotspot”	
  regions	
  
•  Hotspots	
  became	
  drier	
  in	
  general	
  
•  Resulted	
  in	
  greater	
  inter-­‐annual	
  variability	
  for	
  some	
  regions	
  

  What	
  does	
  “tuning”	
  CLM	
  mean	
  in	
  this	
  context	
  of	
  spa<ally	
  
heterogeneous	
  sensi<vity?	
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When	
  PBL	
  intersects	
  the	
  Buoyant	
  Condensa<on	
  Level	
  (BCL)	
  
Convec<on	
  Happens	
  

(Tawfik	
  and	
  Dirmeyer	
  2014)	
  

BCL	
  Deficit	
  =	
  BCL	
  Height	
  –	
  PBL	
  Height	
  


