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What is z0? 
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Aerodynamic Resistance 

• Evaporation 

 

• Aerodynamic 

resistances  
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• z0 is in flux 

Questions 

• z0 is based on boundary layer measurements. Is this 

what we need for models?  

• How is z0 related to land surface attributes? 

• How should z0 be estimated for heterogeneous 

surfaces? 

• Different z0:  z0 for urban surface  ~ 1 m 

      canopy   ~ 10 mm 

      surface  ~ 10 μm 

Meaning of z0 I 

Equation of mean motion 
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Meaning of z0 II 

• Steady state and homogeneity:  τ  = const. 

• K-theory (K=κu*z) gives log-law 

 

 







 

 0

* ln
z

zu
u

Meaning of z0 III 

Three observations can be made 

• z0 is an integral constant for constant flux 

layer 

• z0 represents capacity of surface in 

absorbing momentum 

• z0 must be related to momentum transfer 
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Problem of Momentum Transfer 

Constant Flux Layer 

Shear Layer 

Roughness Layer 

Total Drag: τ 

Pres Drag 

Surf Drag 

A z0 Scheme (Shao and Yang,2008) 

After re-arrangement 
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B325 

Tower of IAP-CAS in Beijing, 325m tall, operation since 1979. Site is 
now urbanized. A section of 2x2 km2 around tower for LES and z0 
study. Aerial photography of 0.5m resolution.  

Canopy drag 

LES Governing Equations 

Filtered Navier-Stokes equations 
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Experiment B325-D1a,b,c B325-D2a,b,c B325-D3 B325-C1a,b,c B325-D4a, b, c, 

…n, o, p 

Urban data 10m original 80m low-pass 

of B325-D1 

360m low-pass 

of B325-D1 

50% 

compressed of 

B325-D1  

  

Domain size 2.0 x 2.0 x 0.5 km3 

Wind speed, 

direction 

a) 5 ms-1, 270o;  b) 10 ms-1, 270o; c) 5 ms-1, 315o For all runs 5 

ms-1; a) 11.25o;  

b) 33.75o; c) 

56.25o; etc. 

Spatial 

resolution 

Horizontal: △x =△y = 10 m;  

Vertical: △z ~ 2 m for the bottom 100 m, ~ 4 m for 100 < z ≤ 200 m, ~ 12 m for z > 200 

m 

Grids 200 × 200 × 100 

Time step 0.1 s 

Simulation 

time  

1 hour 

Output 

frequency 

Every 2 s 

Lateral BCs Periodic 

Upper BCs Constant pressure with zero vertical velocity 

Stratification Neutral (future case stable and unstable) 

(a) z0, D1a (b) z0, D1c 

Directional Dependence Cross Section 

TKE and Shear Stress 10mx10m 40mx40m 

80mx80m 200mx200m 
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10mx10m 

200mx200m 80mx80m 
80mx80m 

40mx40m 

200mx200m 

Comments 

ÁScheme shows z0 depends on λ, η, h and z0s; 

both geometric attributes and aerodynamic 

condition of surface affect z0 

Á In models, z0 differs from z0s which is measured 

in ABL studies  

ÁAs z0 is related to both pressure drag and skin 

drag, it is scale dependent, i.e., z0 for global 

climate, region and meso-scale models are 

different 

Comments 
• LES shows different roughness length 

• We are not able to derive generic expression roughness 

• Wake is important, i.e., pressure drag of large 
roughness elements. May be for given model 
resolution, identify primary roughness and relate them 
to z0 using morphologic method? What are the primary 
roughness? 

z0s 

z0 

z0 


