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Fig. 17. An example of friction-induced departures from geostro­
phy. Solid contours are 950-hPa heights (gpm). 950-hPa 
geostrophic and actual wind barbs are in standard format, with the 
geostrophic wind barbs parallel to the height contours. All parame­
ters are 12-h forecasts from the 1800 UTC 20 May 2005 run of the 
rapid update cycle (RUC) model, valid at 0600 UTC 21 May 2005. 

It is important that one not merely memorize these 
(or any!) equations by rote. It is much more impor­
tant to understand what they mean physically. 
Once the physical effects of each term are under­
stood, one can then convert the physics into mathe­
matics and write down the equations. 
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Fig. 18. An example of the ageostrophic wind in a field of 
curved flow. Solid contours are 250-hPa heights (gpm). 250-
hPa ageostrophic wind barbs are in standard format. Note the 
downstream direction of the barbs (resulting in super­
geostrophic flow) in the ridge across the Upper Midwest, and 
their upstream orientation (yielding subgeostrophic flow) in the 
trough over the Mid-Atlantic and Southeastern U.S. All parame­
ters are 24-h forecasts from the 1200 UTC 20 May 2005 run of 
the Global Forecast System (GFS) model, valid at 1200 UTC 
21 May 2005. 

Fig. 19. An example of the isallobaric wind. Solid contours are 
300-hPa height change [gpm (6 h)"l, arrows represent 300-hPa 
isallobaric wind (m s·'). Note the divergent vectors correspond­
ing to -1 significant height rises near Chicago, and the con­
verging winds associated with height falls near Lake Ontario. 
The isallohypses are derived from the 18- and 24-h forecasts 
based on the 1200 UTC 19 May 2005 run of the Eta model, 
valid at 1200 UTC 20 May 2005, while the isallobaric winds are 
derived from the 24-h forecast, valid at 1200 UTC 20 May 2005. 
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Fig. 20. An example of the ageostrophic wind in diffluent flow. Solid 
contours are 500-hPa streamlines. 500-hPa ageostrophic wind 
vectors are in standard format. Note the region of northerly 
ageostrophic winds in the diffluent region across eastern Quebec 
and northern Vermont. These fields are derived from the OO-h fore­
cast of the 1800 UTe 17 March 2005 run of the RUe model. 

Fig. 21. As in Fig. 20, except for confluent flow. Note the southerly 
ageostrophic winds in the confluent region across southeastern 
Minnesota and western Wisconsin. 
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Fig. 22. An example of ageostrophic flow in the vicinity of an upper­
level jet streak. Shaded bands represent 250-hPa wind speed;;::: 80 
kts. 250-hPa ageostrophic winds are in standard format. Note the 
general southerly (northerly) cross-jet flow in the entrance (exit) 
region of the jet streak. These parameters are OO-h forecasts from 
the 1200 UTe 16 March 2005 run of the GFS model. 
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Appendix 1: Review of Vector Functions 

The use of vector notation and functions throughout 
this article is meant to simplify the underlying mathe­
matics. We provide a brief refresher of vectors and vector 
functions. A vector is defined as a quantity that has both 
magnitude and direction (cf scalar, which has magnitude 
only). Perhaps the easiest (and most appropriate to this 
paper) vector quantity to visualize is wind velocity Y, 
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which has direction and speed (magnitude): 

v = ut + v} + wk (AI) 

where u, U, and w represent the wind speeds in the east­
west, north-south, and vertical directions, respectively, 
and i,j, and k and represent the unit vectors (magnitude 
of 1) in the east-west, northsouth, and vertical directions, 
respectively. This particular example is a three-dimen­
sional wind, which is quite often partitioned into its hor­
izontal and vertical components. A horizontal wind vector 
would be comprised ofthe first two right-hand-side terms 
of (AI). The geostrophic or ageostrophic winds would be 
expressed by the addition of a subscript 'g' or 'a,' respec­
tively, to each component. 

The gradient ('del') operator is commonly used in mete­
orology and it represents spatial changes in a given 
atmospheric property. If we assume an arbitrary meteo­
rological scalar property A, the three-dimensional gradi­
ent of A would be given as the following: 

oA ~ oA A oA A 

VA = -i + -j + -k 
Ox oy Oz 

(A2) 

Note that the gradient of a. function is a vector quantity. 
The two most common multiplication operations 

involving vector quantities are the dot product and cross 
product. The dot product of two vectors is a scalar quan­
tity; if we assu..'lle two arbitrary vectors A and ii, the dot 
product is expressed as such: 

A· B = liillBlcosa (A3) 

In other words, the dot product of vectors A and Ii is the 
product of the two vectors' magnitudes, multiplied by the 
cosine of the angle between the two vectors (a). 
Meteorological applications of the dot product include 
divergence of the wind field: 

_OuOvdw 
V·V= -+-+­

Ox oy Oz 

and temperature advection by the wind: 

_ or or aT 
- V·VT= -u-- v-- w-

Ox oy Oz 

(A4) 

(A5) 

The cross product of two vectors is somewhat more 
involved. It is also a vector quantity. Assuming the 
two arbitrary vectors described previously, the mag­
nitude of their cross product can be expressed as the 
following: 

Iii x BI = IfillB!sina (A6) 
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which is similar to the formulation of the dot product. The 
cross product of the two vectors (assuming each vector 
has three dimensions) can be expressed as the determi­
nant of the following matrix: 

i j f 
A x jj = Ax Ay Az (A7) 

Bx By B; 

= (~yBz - A:By )1- (AxB: - A,B.)} + (AxBy - AyB,)f 

The cross product of two vectors is normal to the plane 
of the two vectors. Meteorological applications of the 
cross product include three-dimensional relative vor­
ticity (given as the curl ofthe wind velocity field V x \0; 
in this example, we illustrate the vorticity about a ver­
tical axis only: 

A ( _) Ov Ou 
(=k.VxV=ax-oy (A8) 

Note that the 3D vorticity itself is a vector quantity, but 
taking its dot product with the vertical unit vector yields 
the (familiar) expression for relative vorticity. 

Appendix 2: Proof of the Non-Divergent Nature of the 
Geostrophic Wind 

Start with the expressions of Ug and v g, based loosely 
on (2), except we will use geopotential (<I> = gz) in lieu of 
pressure; this allows the elimination of density (p): 

lOtI> 
u =---

g JOY (A9) 
lOtI> 

v:--
g j Ox 

Now, recall the definition of divergence: 

- Ou Ov 
Div = V . V = - + -ax oy 

(AI0) 

Plug (A9) into (AI0): 

(All) 

and then (A9) into (All): 

(AI2) 

which becomes: 
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or: 

(A14) 

Note that the first and third terms of the RHS of (A14) 
sum to zero, and that f is constant in the eastwest (x) 
direction, so the second term goes to zero, which leaves 
the following: 

(A15) 

Now, perform the differentiation on the RHS of (A15): 

(A16) 

L. __ _ 
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We can define 13 = ~ ,which describes the change in the 
Coriolis parameter in the north-south direction (from 
equator to pole). Also, recall (A9) and substitute into 
(A16): 

- P 'V . V = --v 
g f g 

(A17) 

Through scale analysis, the divergence of the geostrophic 
wind can be evaluated by assigning typical values to the 
quantifies on the RHS of (A17): 

(A18) 

Typical values of divergence for synoptic-scale flows 
are - 10-5 S-I, an order of magnitude larger than that of 
the geostrophic wind. As such, the divergence of the 
geostrophic wind is assumed to be negligible. 


