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features in the "height field” include

"closed lows and highs", as wellas

. j:r "troughs" and_"ridges’” (e.g+Fig11:12)
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Preamble to Sec 3.5 ridges and troughs on an isobaric surface 2/9
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e upper lows
tend to be
better defined
than the highs

» weak gradients
at low latitudes

* meandering
airstreams
(waves in the
upper flow)
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Preamble to Sec 3.5 ridges and troughs on an isobaric surface 3/9

The height contour interval is 6 dam for the 850,

e as you move perpendicularly away from the trough axis, heights rise |70andso0 pa suraces; butitis 12 dam for the

250 hPa surface.

* as you move perpendicularly away from the rldge axis, heights fall

e contour interval: 6 dam 6—7"" o ‘“:fgg =0 R * L P S
L QR it B BT B ' i, 20
» secondary field (dashed
line): "thickness" (which
we WI|| presently deflne)

Flg 3.22b (blowup)
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johnd
Callout
The height contour interval is 6 dam for the 850, 700 and 500 hPa surfaces; but it is 12 dam for the 250 hPa surface.


Sec 3.5 The hypsometric equation 4/9

_ AP z
P=p R, T, 22 = _pyg A
Az
2
eliminate density >
l’ Zl o
dp "the (rate of) change in
—— = — g (Egn 3.10) pressure with height is " p
dz greater in cold air than
/o it is in warm air"

Note: rather than use the "finite difference notation" A here, | have chosen to use the
derivative symbol d. This is because | want to express the hydrostatic law in a form that
applies at each and every point, whereas if the height increment were finite (denoted Az
rather than dz) I'd need T _to be an average over the interval. This distinction is made here

only to avoid any discomfort for those needing the calculus to be rigorous.

We now integrate upwards from height z_ to height z , using

the first mean value theorem of calculus (steps not shown): the thickness of an

atmospheric layer is the
difference in height between
two pressure surfaces" (that
bound it). It is controlled by
the layer's average (virtual)

temperature
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Sec 3.5 Applying the hypsometric equation 5/9

Suppose that at 00 UTC in Edmonton** on a certain day the pressure at ground level was
P=935 hPa and that the average value of the temperature below the 850 hPa isobaric
surface was -15°C: compute the height above ground of the 850 hPa surface (neglect the
distinction between T and T , for at these temperatures the mixing ratio r is very small).

— _ Rd Tv Pl
Z2 5 350 hfh sr= - n = Bl N
| =1

735 hta

Yy

*Edmonton is about 700 m ASL (700 m above sea level), so surface pressures are much
lower than the nominal 1000 hPa (=100 kPa = 10° Pa) figure for pressure at sea level
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Sec 3.5 Applying the hypsometric equation 6/9

Let P =850 hPa, P, = 700 hPa. Suppose that layer mean T = -15°C at A and layer mean T =
5°C at B. What is the 850-700 hPa thickness at A and at B?

A :Qo\———' 850 — 287 — _ —_—
z _-—3_—‘_\—//(’“700 93/ —T://Z()/'Q,L/-"g.é?_ﬁ

(average values
from 850 hPa to

Z, __ o 5%

Thickness

Warm Air

Fig 3.13
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Sec 3.5 Using the hypsometric equation to compute sea level pressure 7/9

Again supposing that at 00 UTC in Edmonton on a certain day the pressure at ground level
was P=935 hPa, compute sea level corrected surface pressure (MSLP) P, adopting a value

of -15°C for the temperature of the (fictitious) air column down to sea level:

Sea Level
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Sec 3.5
Rd Tv Pl
Az =z, — z, = In—
g P,
o fix Pl:1000, PZ:SOO hPa . then

Thickness as surrogate for mean layer temperature

—d
g

8/9

P,
In—=20.3
p

2

*so Az [m] =

1%

20T or Az [dam] =

T

« a2 dam increase in layer mean thickness corresponds to a 1 K increase in mean

temperature

558 dam ———

552 dam -------

546 dam

Warmer Air

500 hPa Chart

Cooler Air

Fig 3.22a

546 dam
contour line

552 dam
contour line

558 dam
contour line



Thickness contours — secondary field on the 500 hPa isobaric surface 9/9

« "thickness" from 1000 to Why ? It is consi dered +hat ‘7[ Fhe “‘}Mofféz‘ffﬁ

500 hPa, a surrogate for wese in a State o j>foo'u6e /zrec /’ .,LG.LM e,
mean temperature of the

lower troposphere u)bereuer 534+ 2 A7z < 540 o\o.m —Fee;.n ron'n Could

o7 32 o Ry .
534-540 dam thickness /
band highlighted by fill

« Manitoba storm wrapped %/
cold air southward
through Saskatchewan

Flg 3.22b (blowup)
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Close packed isobars over Edmonton -- CMC surface analysis, 182 Sunday 18 Sept. 2016

A

-- explain it's being
a windy day

le. Sundayss
wind 1§

very (oS! St
wift The
/Saba/ /Ga#ern

o ves

C A /bUqu

HH\EFZD/

7ol

Observed att Edmonton Blatchford
Date: 2:00 PM MDT Sunday 18 September 2016

Condition: Not observed Temperature: 14.4°C
Fressure: 100.6 kPa Dewpoint; 4.9°C
Tendency: rising Humidity: 53%

Wind: NW 35 km/h
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Lecture of 19 Sept.

* how to visualize an isobaric surface

 troughs, ridges, closed lows & highs — "topography" of the isobaric surface

» the hypsometric egn

 using hypsometric egn to define MSLP (sea-level corrected pressure)

* itis common on weather charts to display contours of 1000-500 hPa thickness as a

surrogate for the mean temperature of the lower troposphere
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