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Effects of model resolution on land 
processes 

Soil texture (infiltration) Topography (saturation fraction) Air temperature  
(precipitation phase) 

(Singh et al. 2015 WRR) 

  No systematic skill difference between 100km and 25km resolution, but lowest 
RMSE at 1km resolution 



Not all processes are better simulated 
with increasing resolution 
  No skill difference in groundwater table depth among resolutions due to 

the simple parameterization and missing processes (e.g., lateral flow) 

  But sensitivity of the water balance to resolution is indicative of scale 
variance issues due to subgrid parameterizations and/or spatial structure  
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A subbasin representation can improve 
model scalability 

(Tesfa et al. 2014 JGR) 
(Tesfa et al. 2014 GMD) 

Grid-based representation (CLM) Subbasin-based representation (SCLM) 
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  Simulations are less sensitive to model 
resolution in the subbasin representation 
than the grid representation 

  Spatial structure that takes advantage of 
the emergent patterns and scaling 
properties of atmospheric, hydrologic, 
and vegetation processes may improve 
model scalability 



Different shades of land-atmosphere 
interactions 

  Strength of land-atmosphere interactions (soil moisture - 
precipitation feedback) is different in: 
 Energy vs. moisture limited regimes 
 Atmosphere vs. land controlled precipitation regimes 

(Findell and Eltahir 2003 JHM) 
Climate Aridity 



Dynamical convergence: local 
precipitation recycling 
  Decreasing E/P over land with resolution and convergence at ~50km 

resolution 
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(Demory et al. 2014 CD) 

Precipitation  
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convergence 



Dynamical convergence: eddy-driven jet 

  Eddy-driven jet stream dynamically converged at 
~50km resolution è  atmospheric rivers that transport 
moisture from ocean to land 

  Model diffusivity approaches the asymptotic effective 
diffusivity of the Batchelor turbulence 

8 
(Lu et al. 2015 JC) 
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Land-atmosphere feedback changes sign 
in convection permitting simulations 
  Clouds transition from shallow to deep in the 2 km resolution simulation under dry 

condition. At 25 km resolution, parameterized convection is triggered over both wet 
and dry soils 
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(Hohennegger et al. 2009 JCLIM) 

Convective 
cloud cover 

Grid-scale 
cloud cover 



Effects of model resolution on summer 
precipitation 
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  Smaller JJA mean precipitation bias at 4 km than 12 km 
  Smaller sensitivity to resolution using the GF scale-aware 

parameterization 

JJA	  
2006	  

OBS	   12km	  KF	  	   4km	  (no	  CS)	  

Model	  Bias	  

	  	  JJA	  
2007	  

Model	  Bias	  

4km	  GF	  12km	  GF	  



Diurnal precipitation biases 

WRF 12km KF WRF 4km No CS 

WRF 12km GF WRF 4km GF 
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Diurnal differences in wet vs dry regimes 

Red:	  SM	  0-‐40cm	  (mm)	  
Blue:	  PRECIP	  (mm/hr)	  
Green:	  PBL	  (m)	  

Wet	  regime	  

Dry	  regime	  

12km	  KF	   4km	  No	  CS	  

Local	  Time	  

  Rainfall peaks in afternoon in both wet and dry regimes at 
12km resolution 
  Rainfall peaks in afternoon in dry regime and at night in wet 
regime at 4km resolution 
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MPAS Convection Permitting Simulations 

  MPAS with WSM6 microphysics and the scale-
aware Grell-Freitas convection scheme 

  Variable resolution forecast for 0 UTC 18 May 
– 12 UTC 21 May 2013 

Source: Bill Skamarock 
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Scale-aware parameterizations 

Missing processes (lateral flow) 



Summary and discussion 

  Land surface processes are strongly influenced by small scale 
heterogeneities in surface properties 
  LSMs can benefit from high resolution modeling if the subgrid 
parameterizations account for the dominant processes 
  Impacts of resolution seem more prominent at ~1km resolution 

  How much land-atmosphere interactions benefit from 
increasing resolution may depend on the relative control of 
atmosphere vs. land 
  Large-scale atmospheric features may converge at ~50km due 

to the dominance of dynamics, with implications for land-
atmosphere interactions  
  But the converged solution may or may not resemble the 

solution from convection permitting simulations 
  Scale-aware parameterizations hold some promises for 

bridging the two  
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