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often calmer at night, and increase in speed during 
daytime.  The converse is true above 1000 m altitude, 
where winds are reduced during the day because of 
turbulent mixing with slower near-surface air, but 
become faster at night when turbulence decays.
 At the ABL bottom, near-surface wind speed pro-
files have been found empirically (i.e., experimen-
tally).  In the bottom  5% of the statically neutral ABL 
is the surface layer, where wind speeds increase 
roughly logarithmically with height (Fig. 18.20).  
 For the statically stable surface layer, this loga-
rithmic profile changes to a more linear form (Fig. 
18.20).  Winds close to the ground become slower 
than logarithmic, or near calm.  Winds just above 
the surface layer are often not in steady state, and 
can temporarily increase to faster than geostrophic 
(supergeostrophic) in a process called an inertial 
oscillation (Figs. 18.9b and 18.20).
 The bottom 20% of the convective (unstable) ABL 
is called the radix layer (RxL).  Winds in the RxL 
have an exponential power-law relationship with 
height.   The RxL has faster winds near the surface, 
but slower winds aloft than the neutral logarithmic 
profile.  After a discussion of drag at the ground, 
these three wind cases at the bottom of the ABL will 
be described in more detail.

drag, Stress, Friction velocity, and 

Roughness length 
 The frictional force between two objects such as 
the air and the ground is called drag.  One way to 
quantify drag is by measuring the force required to 
push the object along another surface.  For example, 
if you place your textbook on a flat desk, after you 
first start it moving you must continue to push it 
with a certain force (i.e., equal and opposite to the 
drag force) to keep it moving.  If you stop pushing, 
the book stops moving. 
 Your book contacts the desk with a certain sur-
face area.  Generally, larger contact area requires 
greater force to overcome friction.  The amount of 
friction force per unit surface contact area is called 
stress, τ, where for stress the force is parallel to the 
area.  Contrast this with pressure, which is defined 
as a force per unit area that is perpendicular to the 
area.  Units of stress are N m–2, and could also be 
expressed as Pascals (Pa) or kiloPascals (kPa).  
 Stress is felt by both objects that are sliding against 
each other.  For example, if you stack two books on 
top of each other, then there is friction between both 
books, as well as between the bottom book and the 
table.  In order to push the bottom book in one direc-
tion without moving the top book, you must apply a 
force to the top book in the opposite direction as the 
bottom book.  

table 18-1.  The Davenport-Wieringa roughness-length 
zo (m) classification, with approximate drag coefficients 
CD (dimensionless).

zo
(m)

classifi-
cation

cD Landscape

0.0002 sea 0.0014 sea, paved areas, snow-
covered flat plain, tide flat, 
smooth desert

0.005 smooth 0.0028 beaches, pack ice, morass, 
snow-covered fields

0.03 open 0.0047 grass prairie or farm fields, 
tundra, airports, heather

0.1 roughly 
open

0.0075 cultivated area with low 
crops &  occasional obsta-
cles (single bushes)

0.25 rough 0.012 high crops, crops of varied 
height, scattered obstacles 
such as trees or hedgerows, 
vineyards

0.5 very 
rough

0.018 mixed farm fields and for-
est clumps, orchards, scat-
tered buildings

1.0 closed 0.030 regular coverage with 
large size obstacles with 
open spaces roughly equal 
to obstacle heights, subur-
ban houses, villages, ma-
ture forests

≥ 2 chaotic ≥0.062 centers of large towns and 
cities, irregular forests 
with scattered clearings

Figure 18.20
Typical wind speed profiles in the surface layer (SL, bottom 5% 
of the ABL) and radix layer (RxL, bottom 20% of the ABL), for 
different static stabilities.  zRxL and zSL give order-of-magni-
tude depths for the radix layer and surface layer.
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