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Surface Friction



KEY: At the surface, winds do not flow exactly parallel to 
the isobars. 
For high pressure systems, the winds point outward. 
For low pressure systems, the wind point inward.









Using Wallace and Hobbs to understand the circulation of a developing ETC

Reading: 
Section 8.1.1
Section 8.1.2  skip sections d and e.

Focus on the figures!  

KEYS:
I:  Know the basics for reading a weather chart.
II: Understand how these components develop:

(1) Z at 500hPa.
(2) SLP at the surface.
(3) Temperature field in layer between 1000 and 500 hPa.

III: Understand vertical motion in storms and relationship to fronts and 
precipitation.

W&H FOCUSES ON ONE STORM:
Nov 10, 1998 at 00, 09 and 18 UTC

What is UTC? Coordinated Universal Time. Same as GMT. 
Abbreviated by Z i.e., 00 UTC is 00Z. 
Compared to NYC time, UTC is 5 hours ahead. So: 6Z is 1am NYC time.



Sea level pressure 
contours and 
surface 
temperature fronts.

Isotherms





This figure shows 
the development 
of a storm based 
on data aloft (left 
column) and at 
the surface (right 
column).

The storm moves 
north as it 
develops. This is 
most clearly seen 
in by following 
the L in the right 
column.

We will go 
through each 
panel separately.
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Units: dam

CONTOURS: SLP
COLORS: 500 – 1000 hPa thickness
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Units: dam

CONTOURS: SLP
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Units: dam

CONTOURS: SLP
COLORS: 500 – 1000 hPa thickness



Units: 10-4 s-1

CONTOURS: Z at 500 hPa 
COLORS: relative vorticity at 500 hPa

RIDGE

TROUGH



Units: 10-4 s-1

CONTOURS: Z at 500 hPa 
COLORS: relative vorticity at 500 hPa



Units: 10-4 s-1

CONTOURS: Z at 500 hPa 
COLORS: relative vorticity at 500 hPa



SKIP FIGURE 8.4

Pressure vertical velocity
(omega)

- Negative is up.
- Positive is down.

ω =
dp
dt

Time rate of change of 
pressure experienced by 
air parcels as they move 
along their 3 dimensional 
trajectories.



SKIP FIGs 8.6, 8.7, 8.8




