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Models used for the comparison 

Model descriptions. 
 
1.  Cut-cell (Lock et al. 2012) 
 
•  Non-hydrostatic, 3D model (using UK UM Equation set, Davies et al. 2005). 
•  Predicts, winds, potential temperature and the Exner function of pressure. 
•  Advective form of the equations.  
•  Split-explicit time stepping scheme with leapfrog and forward Euler (WRF split 

time stepping structure). 
•  Centred difference advection scheme. 

2. BLASIUS (Wood et al. 19?92) 
 
•  Used for idealised studies of boundary layer flow (Gal-Chen & Somerville, 1975) 
•  Time-dependant Boussinesq equations. 
•  Explicit time integration scheme. 
•  Centred-difference advection scheme. 
•  Periodic with FFT solver. 
•  Turbulence closure turned off. 
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Cut cell structure 

Following Steppeler et al. (2006), 3D lower  
boundary is represented with piecewise  
bilinear surfaces. To solve the flow through the irregular shaped cut cells, an approx 
finite-volume approach is used (Steppeler et al. (2002) ).  N = 34  - 2 configurations. 



Cut cell equation set 
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Flow over a bell shaped hill 
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Comparison of the flow 
produced by the cut cell model 
and the analytic solution.  
          (Gallus and Klemp 2000) 



Resting Atmosphere Test 
•   Simulations as  in Klemp (2011) 
•   Periodic domain, 200km wide. 
•   Height = 20km high, dx= 500m 
•   h0 = 1000m 
•   a  =   500m 
•   λ  =  4000m 
 
Klemp (2011) showed errors due to the  
horizontal pressure gradient term, 
with an inversion amplifying the error. 
 
The inversion was set between 2 - 3 km 
N = 0.1 s-1  < = 2 km and > = 3km ; otherwise  N = 0.2 s-1  
 
Run length 5 hours,  time step =  1.01s 
 
Cut Cell model  ….  Max vertical velocity is 10-12 m/s. (machine accuracy) and the 
horizontal velocities are zero.   Increasing hill height to 4km makes no difference. 
 
 c.f.  Max vertical velocity = 1 m/s for basic and hybrid terrain following 
                                         = 0.1 m/s for  STF / SLEVE co-ordinates (Klemp 2011) 
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Advection Test 
•  Schar (2002) test 
 

•  Tracer bubble blown across a 
mountain range 

 

•  Wind, u(z) =  zero below mountain 
tops and constant above 5km 

 

•  u0 = 10 m/s ; z1 = 4km and z2 = 5km 
 

•  Initial tracer q(x,z) bubble has  
Az = 3 km , Ax = 25km, with bubble 
centre  x0 = 100km , z0 = 9km 

 

•  Domain width = 300km; height = 25km 
 

•  dx = 1000m ; dz = 500m 

•  h0  = 3000m ; a = 25km ; λ = 8km 

•  Neutral stability, θ = 300K 

•  Run time =10,000s ( one pass) 
 

•  Results showed no differences with no 
hill case. 
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Results from the bubble tracer advection test 
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Conclusions from the bubble tracer advection test 

The results from the bubble advection test show:- 
 
 
•   The differences between the cases of orography and no 

orography were zero (within machine precision).This indicates 
that any trajectory errors are due to the advection scheme and 
not the terrain representation. 

•   Moving the bubble closer to the top of the mountains does not 
change the results suggestion there is no undue influence of 
the terrain on the flow aloft. 
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Rising bubble, no hill case  Az = Ax = 2km ;  
z0= 4.5km ;  
x0 = 10km 
Grid spacing = 100m 
Domain 20km*20km 
3d model, Ny = 10. 
 
Neutral stability 
θ = 300K 

Set up based on Bryan & 
Fritsch (2002).  Run 1000s 
in time. 



Rising bubble comparison (hill – no hill).  Upper Row cut cell. Lower Row BLASIUS  



Rising bubble test conclusions 

•  The { hill – no-hill }  differences (T & w) with the cut cell 
model are an order of magnitude smaller than those from 
the BLASIUS model. They do not become larger as h0 / a 
increases from 1/3rd to 1/2th to 1. 

•  The BLASIUS differences increase as the aspect ratio 
increases, from 0.7 K when the ratio is 1/3rd , to 1.67 K 
when the aspect ratio is 1; as a consequence of the  
more distorted grid as the aspect ratio increases. 
(BLASIUS  cannot be guaranteed to converge with an 
aspect ratio greater than 1). 

•   The cut cell results are not affected, and can be run up 
to an aspect ratio of 10 and (not shown here) show little 
change in magnitude of temperatures and velocities. 
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Conclusions 
In these idealised tests 
 
•  The cut cell model can accurately simulate the resting atmosphere 

case, and does not exhibit spurious grid induced winds. 
 
•  For the tracer bubble advection test over the tops of mountains, the 

cut cell model does not exhibit errors aloft induced by the underlying 
terrain. 

•  For the rising bubble test, the cut cell model is better at handling 
steep gradients.  The differences due to the underling terrain do not 
erroneously increase as the aspect ratio increases. 

•  For the bubble tests with steep orography (up to an aspect ratio of 
10), the results show the cut cell model is stable, without 
compromising accuracy. 

•  Issues remain as regards the limitations of small cut cells , and work 
is being completed on implicit / semi-implicit formulations. 
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Abstract 
       Several tests of a model with a cut-cell representation of orography are 
presented: a resting atmosphere test, advection across a hill and a warm rising 
bubble over hills with different gradients. The tests are compared with results from 
terrain-following models.  
 
       Results indicate that errors associated with terrain-following coordinates are 
reduced, in some cases greatly reduced, with the cut-cell approach. In a resting 
atmosphere the cut-cell approach does not generate flow around an isolated hill 
however steep the terrain. 
  
       Relative errors in a rising bubble test are an order of magnitude smaller than 
terrain-following simulations.  These rising bubble tests demonstrate that the Cut-
cell model is better at handling steep gradients than the basic terrain-following 
method. Differences due to the effect of the underlying terrain do not erroneously 
increase as the aspect ratio increases in contrast to a terrain-following model.  
 
       All these tests demonstrate that by avoiding any distortion of the computational 
grid away from the terrain, the cut-cell method reduces errors in the flow aloft 
compared to terrain-following methods. Furthermore, results from the rising bubble 
test with very steep orography (aspect ratio of 10) demonstrate that the Cut-cell 
model is stable, without compromising accuracy.  
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