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 Outline

1.  Atmosphere: Spurious Gibbs oscillation directly affects 
atmospheric/ocean/land physics 

2.  Sea ice: Hourly ocean coupling with sea ice and 
atmosphere is needed over polar regions to resolve 
the inertial oscillations for sea ice movement 

3.  Ocean: Prescribed ocean temperature profile can be 
used to avoid fine vertical grids in computing ocean 
skin temperature 

4.  Land: Hydrostatic subtraction substantially improves 
the numerical solution of the soil moisture Richards 
equation; a hybrid 3-D hydrological model provides a 
computationally efficient approach to handle soil water 
movement 
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Steep topography 
could introduce 
spurious (Gibbs) 
oscillations due to 
poor numerical 
schemes in 
atmospheric models. 
 
Spectral: L~2.5-4.5Δx 
Nonspectral:  L~2 Δx 
 
Also oscillations in 
precipitation, radiation, 
clouds, wind, humidity, 
T, vertical velocity 
 

Surface pressure from 9 spectral models 

Geil and Zeng (2015) 
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Three spectral  
models 
 
 
 
 
Annual average  
(with the mean of 
each transect 
removed) 

Seasonal average 
(with the mean of 
each transect 
removed) 
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RMSD/IAV ratio:  >1 in red,  >0.5 in orange, and <0.5 in black  
 
48% of nonspectral models and 95% of spectral models 
have at least one variable with the ratio > 1 

Sfc             Sfc            Vertical    Precip    q       Ta    downward       height       total 
Press         wind          velocity                                   SW     LW                       cloud 
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     With the decrease of inertial oscillation period (2π/f = 0.5 day/sinΦ) 
over polar regions, high-frequency sea ice – ocean coupling becomes 
important: clockwise in NH and counterclockwise in SH 

Rotary wavelet analysis of the clockwise and anticlockwise 
sea ice drift (standard CESM coupling: daily) 
 Andrews et al. (2015) 
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    CESM simulations 
JFM                        JAS 

 
CESM Default coupler (a, b): 
30-min coupling among atmo, 
land, sea ice;  
daily coupling with ocean 
 
 
30-min coupling with ocean    
(c, d) 
 
 
Antarctic median inertial sea-
ice speed (anticlockwise), 
generated by rotary filtering 
sea-ice velocity at each model 
gridpoint within +/-0.1 d–1 of the 
local inertial frequency  
(Andrews et al. 2015) 
 



Daily oceanic coupling with CPL7 
September extent years 30-80 

30 min oceanic coupling  with CPL7x 
September extent years 30-80 1979-2013 September Mean 

20.38 × 106 km2 18.19 × 106 km2 18.83 × 106 km2

Difference 2.19 × 106 km2
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Donlon et al. (2002) 

cool skin 

warm layer 

Ocean skin T versus water T 

Our approach (Zeng and Beljaars 2005): 
[T(z) – T(d)]/[T(δ) – T(d)] = [(z - δ)/(d - δ)]x,     
x = 0.3 (< 1 due to strong solar heating near surface) 
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A prognostic 
scheme of Ts for 
modeling and 
data assimilation 
 
Validations: 
 
in situ data over 
tropics and 
midlatitudes 
 
GOES data  



14 Wu et al. (1999) based on  
GOES data 



Ts effect on P over western Pacific and Indian Oceans  

•  Double ITCZ in 
JJA remains in 
the region of 
60º-180ºE.This 
double ITCZ is 
not produced in 
ECMWF. 

•  The strongest 
improvement 
occurs in MAM 

 
Brunke et al. (2008) 

b

CAM3.1 ECMWF 
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COLA AGCM coupled 
with MOM3 (Misra et al. 
2008): 
 
DJF SST bias: 
CON: 1-day coupling, 
E2D: 2-day, 
E3D: 3-day,  
E3H: 3-hour, 
ESKIN:  CON + our 
Tskin computation at 
each AGCM time step 
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Zonal wind stress 
difference in DJF 
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θ: soil moisture 
K(θ): hydraulic conductivity 
Ψ(θ): Matric potential 

The initial equilibrium state and its distribution after 30 days of integration 
(solid lines) using (a) 10 soil layers in CLM or (b) Δz=1 cm. Zero flux top and 
bottom boundary conditions. Extra soil water above saturation in each layer 
is removed as runoff at the end of each time step (Zeng and Decker 2009) 
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                   Weekly soil moisture               Simulated vs observed water table 
                   over an Amazon site 
                                                 Decker and Zeng (2009) 



Soil Moisture Based 

•  Land Surface Community 
•  Water Conservation 
•  Non-iterative (Fast!) 
•  Approximate 

Soil Pressure Based 

•  Groundwater/Soil 
Physicists 

•  Iterative 
•  Nearly Exact 
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Comparison Between Solutions 



Comparison Between Solutions 

Results are similar, but our soil moisture-based numerical solution is 500 
(heterogeneous) to 2500 (homogeneous) times as fast  as the pressure 
based! 
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a. From a 30m digital elevation model (DEM) multiple hydrological features are identified (i.e. 
1st and 2nd order hillslopes, riparian zones, wetlands, river network). 

 
 

b. Each 1km pixel can contain hillslope, flatland (i.e. riparian zone, wetland, delta area), 
channel network and lake with fractional amount varying between pixels. 

 

 

 

 

 

c. Within pixel by hillslopes (left) and between pixel throught flatland and river network lateral 
hydrological response, while interacting with the vertical column available within ESM. 

	  

Overview of  
hybrid 3-D 
hydrological 
model 
(Hazenberg et 
al. 2015): 
 

global 1 km 
pixels  
 

sub-pixel 
hillslopes, 
riparian zones 
and wetlands,  
river network 
 

Computationally 
efficient 



Hillslope response for drainage-recharge experiment 

Three typical 
hillslope shapes 

Temporal soil moisture 
response for uniform hillslope 



Testing hybrid-3D hillslope model in Biosphere2-LEO 
(Hazenberg et al. 2016) 



Conclusions
1.  Atmosphere: Spurious Gibbs oscillation directly affects 

atmospheric/ocean/land physics 

2.  Sea ice: Hourly ocean coupling with sea ice and 
atmosphere is needed over polar regions to resolve 
the inertial oscillations for sea ice movement 

3.  Ocean: Prescribed ocean temperature profile can be 
used to avoid fine vertical grids in computing ocean 
skin temperature 

4.  Land: Hydrostatic subtraction substantially improves 
the numerical solution of the soil moisture Richards 
equation; a hybrid 3-D hydrological model provides a 
computationally efficient approach to handle soil water 
movement 
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Additional Comments

•  Besides dynamics and physics, pay attention to the additional term 
due to model adjustment (e.g., negative humidity) or the processes 
to control model dynamical stability (e.g., horizontal diffusion).  

     This compensating change between dynamics and physics may  
     be particularly important as the horizontal grid size changes. 

•  For atmosphere/ocean, dynamics (D) and physics (P) are well 
separated.  

     D and P are not so clearly separated: 
–  1-D land models  
–  the horizontal movement of soil water within grid boxes and/or 

between grid boxes  
–  the interface process between land and ocean (i.e., river 

discharge to oceans). 2 
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