
1/24/18

1

Lecture 1, GEF4310 
“Cloud Physics”

Trude Storelvmo, Dept. of Geoscience, U. of Oslo

Spring 2018

Schedule, Spring 2018

Week # Monday (exercises) Wednesday (lectures)

3 (15/1) No class (17/1) Introduction and descriptive overview of clouds (Ch. 1)

4 (22/1) No class (24/1) Thermodynamics (Ch. 2.1 - 2.3)

5 (29/1) Thermodynamics exercises (31/1) No class
6 (5/2) No class  (7/2) Thermodynamics (Ch. 2.4 – 2.5)
7 (12/2) Thermodynamics exercises (14/2) Stability & convection (Ch. 3.1.5, 3.2, 3.3 and 4.2) 

8 (19/2) Stability/convection exercises (21/2) Atmospheric aerosols (Ch. 5)
9 (26/2) Aerosols exercises (28/2) No class
10 (5/3) No class (7/3) Droplet formation (Ch. 6)

11 (12/3) Droplet formation exercises (14/3) Warm cloud microphysics (Ch. 7)
12 (19/3) Warm cloud microphysics exercises (21/3) No class
12 Friday 23/3 Mid-term exam (NOTE: extra Q&A class will be scheduled this week)
13 (26/3) No class (Påske) (28/3) No class (Påske)
14 (2/4) No class (Påske) (4/4) Ice nucleation (Ch. 8.1 and 8.2)
15 (9/4) No class (EGU) (11/4) No class (EGU)
16 (16/4) Ice nucleation exercises (18/4) Cold cloud microphysics (Ch. 8.3 - 8.5)

17 (23/4) Cold cloud microphysics exercises (25/4) Precipitation/radar (Ch. 9.1 – 9.4)

18 (30/4) No class (2/5) Aerosol/cloud radiative effects (Ch. 11)

19 (7/5) Precip./radar + radiative eff. exercises (9/5) Aerosol-cloud interactions (Ch. 12.1 and 12.2)

20 (14/5) Aerosol/cloud interaction exercises (16/5) Cloud/climate feedbacks (Ch. 12.3)

21 (21/5) No class (Pinse) (23/5) Climate engineering (Ch. 12.4)
22 Exam week of May 28 – Jun 2

Satellite observations of global cloud cover 
(global mean of ~70%) 
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Reminder, global atmospheric circulation
14 Introduction and Overview

“counterclockwise” with the terms cyclonic and anti-
cyclonic (i.e., in the same or in the opposite sense as
the Earth’s rotation, looking down on the pole).
A cyclonic circulation denotes a counterclockwise
circulation in the northern hemisphere and a clock-
wise circulation in the southern hemisphere. In either
hemisphere the circulation around low pressure cen-
ters is cyclonic, and the circulation around high pres-
sure centers is anticyclonic: that is to say, in reference
to the pressure and wind fields, the term low is syn-
onymous with cyclone and high with anticyclone.

In the equatorial belt the wind tends to blow
straight down the pressure gradient (i.e., directly
across the isobars from higher toward lower pres-
sure). In the surface wind field there is some ten-
dency for cross-isobar flow toward lower pressure at
higher latitudes as well, particularly over land. The
basis for these relationships is discussed in Chapter 7.

b. The observed surface wind field

This subsection summarizes the major features of the
geographically and seasonally varying climatological-
mean surface wind field (i.e., the background wind
field upon which transient weather systems are
superimposed). It is instructive to start by consider-
ing the circulation on an idealized ocean-covered
Earth with the sun directly overhead at the equator,
as inferred from simulations with numerical models.

The main features of this idealized “aqua-planet,
perpetual equinox” circulation are depicted in
Fig. 1.15. The extratropical circulation is dominated
by westerly wind belts, centered around 45 °N and
45 °S. The westerlies are disturbed by an endless suc-
cession of eastward migrating disturbances called
baroclinic waves, which cause the weather at these
latitudes to vary from day to day. The average wave-
length of these waves is !4000 km and they propa-
gate eastward at a rate of !10 m s!1.

The tropical circulation in the aqua-planet simula-
tions is dominated by much steadier trade winds,11

marked by an easterly zonal wind component and a
component directed toward the equator. The north-
easterly trade winds in the northern hemisphere and
the southeasterly trade winds in the southern hemi-
sphere are the surface manifestation of overturning
circulations that extend through the depth of the tro-
posphere. These so-called Hadley12 cells are charac-
terized by (1) equatorward flow in the boundary
layer, (2) rising motion within a few degrees of the
equator, (3) poleward return flow in the tropical
upper troposphere, and (4) sinking motion in the

H

L

H

L

SP NP

cyclones

anticyclones

Fig. 1.14 Blue arrows indicate the sense of the circulation
around highs (H) and lows (L) in the pressure field, looking
down on the South Pole (left) and the North Pole (right).
Small arrows encircling the poles indicate the sense of the
Earth’s rotation.
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Fig. 1.15 Schematic depiction of sea-level pressure isobars
and surface winds on an idealized aqua planet, with the sun
directly overhead on the equator. The rows of H’s denote the
subtropical high-pressure belts, and the rows of L’s denote
the subpolar low-pressure belt. Hadley cells and tropospheric
jet streams ( J) are also indicated.

11 The term trade winds or simply trades derives from the steady, dependable northeasterly winds that propelled sailing ships along the
popular trade route across the tropical North Atlantic from Europe to the Americas.

12 George Hadley (1685–1768) English meteorologist. Originally a barrister. Formulated a theory for the trade winds in 1735 which
went unnoticed until 1793 when it was discovered by John Dalton. Hadley clearly recognized the importance of what was later to be called
the Coriolis force.
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Wallace & Hobbs

Overview of cloud types

• Cumulus = heap-like or cauliflower-like, 
usually associated with strong vertical 
motion (instability), vertical extent 
often larger than horizontal extent. 
Cloud lifetimes relatively short.

• Stratus = layered/flat clouds, usually 
connected to weaker & large-scale 
vertical motion, large horizontal extent. 
Longer cloud lifetimes.

• Cirrus = fibrous/wispy-looking clouds, 
generally high, always consist of ice.

Fog

Fog at Gardermoen

Coverage over land and ocean ~1%
From R. Houze’s Cloud Atlas
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Stratus

Covers 2-5% of land, 2-13% of ocean From R. Houze’s Cloud Atlas

Stratocumulus

Covers 8-13% of land, 8-22% of ocean From R. Houze’s Cloud Atlas

Cumulus

Covers 5-8% of land, 13-15% of ocean From R. Houze’s Cloud Atlas
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Nimbostratus

Covers 2-4% of land, 3-5% of ocean From R. Houze’s Cloud Atlas

Cumulonimbus

Covers 3-5% of land, 2-6% of ocean From R. Houze’s Cloud Atlas

Altostratus

From R. Houze’s Cloud Atlas
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Altocumulus

From R. Houze’s Cloud Atlas

Cirrus

From R. Houze’s Cloud Atlas

Cirrostratus

From R. Houze’s Cloud Atlas
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Cirrocumulus

From R. Houze’s Cloud Atlas

Cloud thermodynamic phase
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Supercooled liquid fraction
Satellite (CALIOP) and field observations

Storelvmo (Annual Reviews, 2017)
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Cloud droplets vs. ice crystals

Cloud droplets
• Typical size (radius) 2 -25 µm
• Typical number concentrations 

10 – 1000 cm-3

• Typical liquid water contents: 
0.1 – 5 gm-3

• Usually spherical

Ice crystals
• Typical size (length) 1 – 1500 µm
• Typical number concentrations 

10-4 – 10 cm-3 
• Typical ice water contents: 10-4 –

0.5 gm-3

• Usually non-spherical (often 
hexagonal)
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Continental vs. marine clouds

Clean vs. polluted clouds

• Figure shows cloud droplet (Nc) 
and drizzle drop (Nd) size 
distributions for clean clouds 
(diamonds) and polluted 
clouds (asterisks).
• The size distributions tend to 

resemble gamma distributions. 
• Polluted clouds have 

more/smaller cloud droplets, 
but fewer drizzle drops.


