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A complex and many-faceted topic.  Some aspects:

1. Interaction of density-stratified flow with topography

2. The effect of diurnal heating and cooling

3. The process of orographic frictional and wave drag

4. The effect of different surfaces, - snow, ice, vegetation and 

evaporation

5. - - - - - - - - -

Here I will address the first topic only.  Some progress was 

made in the 1980s & 1990s .  Since then, work has 

concentrated on field experiments (which tend to be site-

specific) and numerical parametrisation.

Lab experiments have contributed a lot, and I think can 

contribute more.



To understand flow in complex terrain, we need to 
start with flow past isolated topography.

With no stratification, steady flow over an isolated 
hill looks like this:

Double horseshoe vortex wake
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And with weak stratification it looks like this -

Side view

Plan view
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Nh/U = 5And with strong 
stratification:



(Baines) (Snyder, Britter & Hunt 1980)

Two important levels:  zt and  z(Na) = zs

zt > zs

Axisymmetric obstacles

?



Steady flow on the 
surface of an 
elliptical obstacle

Nh/U = 3.45

(U/Nh=0.29)



Nh/U = 2.5 In vertical plane above centreline



z(Na )/hm

Height of the front –side stagnation point (Na – node of 
attachment)  for the “elliptical obstacle” 



zt /hm

z(Na )/hm

z(Na) and zt for the same “elliptical obstacle” but placed 
“end on”   From  Baines & Smith (1993)
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2-D flow - blocked fluid 
for   Nh/U > 2 



Low  level rake Higher level rakeNh/U = 5.9

2-D BARRIER with GAP



rakes

obstacle       gap



Nh/U = 10

Periodic alternate shedding                           
of unequal vortices



Nh/U = 5



Nh/U = 5



In Conclusion –

Flow through complex terrain is complex, and may well 
contain unpredictable variability.  But we can at least 
understand it (and make progress in doing so) by 
considering simple situations and proceeding to more 
complex ones.
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