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International Centre for Theoretical Physics

Targeted Training Activity:

Predictability of Weather and Climate
David M. Straus

(1) The Global Atmospheric Circulation: Observations

(2)  Modeling the Weather and Climate

(3) Errors in Forecasts: Roles of Initial States, Model Errors, and Chaos

(4) Climate Predictability on Seasonal Time Scale: Role of Boundary Forcing

(5) Seasonal Mean Predictability over the Pacific - North American Region
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The Global Atmospheric Circulation:

Observations

Motivation:

Even if the focus is on tropical / monsoon related weather, an
understanding of the large scale global circulation is important:

-The large scale (background) flow provides the environment in
which small scale weather disturbances grow

(Indian Monsoon rainfall occurs only during summer.)

- Mid-latitudes can (and do) affect the tropics!!

(Cold-air outbreaks trigger tropical Pacific convection.)

(Mid-latitude baroclinic disturbances feed tropical storms.)
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Seasonal Mean Temperature at 850
hPa (just above the boundary layer)

from NCEP Reanalysis DJF

JJA
Although regional T depends on
season (e.g. India), the main
variation is with latitude.

T decreases towards poles
strongly in both seasons

Meridional Temperature Gradient
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ECMWF
Reanalysis
Horizontal
Winds (u,v)

DJF 850 hPa

DJF 200 hPa
Note stronger
vertical shear
(��u/�z) in the
North. Hemis.

Horizontal shear
(�u/�y) in both
NH and SH

Vertical and Horizontal Wind Shear

�u/�z leads to
Baroclinic
Instability

�u/�y leads to
Barotropic
Instability
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ECMWF
Reanalysis
Horizontal
Winds (u,v)

JJA 850 hPa

JJA 200 hPa

Note stronger
NH seasonal
dependence

Vertical and Horizontal Wind Shear
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DJF Zonal Mean =
average over all

longitudes. Shows
average vertical and

horizontal shear:

[��u/�z] leads to
Baroclinic Instability

[�u/�y] would lead to
Barotropic Instability

[u]

[T]

pr
es

su
re

latitude

Thermal Wind Relation: Vertical wind shear ~ Horizontal Temperature Gradient
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Time and Zonal Mean of Potential
Temperature ��

s = Cp log(�)

ds/dZ > 0  (static stability)

x-axis: Latitude
y-axis: Z=H log(p0/p)

Time and Zonal Mean of
Temperature T

Note reversal of gradient of T in
stratosphere

Adiabatic Flow is along surfaces of constant ��
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http://ess.geology.ufl.edu/ess/Notes/AtmosphericCirculation/atmoscell_big.jpeg

Annual Mean Meridional
Circulation: Hadley Cell,

Ferrel Cell, Polar Cell

Hadley cell is “direct”

Ferrel cell is “indirect”

Note Upper Level
Return Flow
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http://www.pilotfriend.com/training/flight_training/met/images/26.gif

Idealized Schematic Diagram of Surface Circulation
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http://www.ecmwf.int/research/era/ERA-40_Atlas/docs

Hadley Cell

Ferrel Cell Ferrel Cell

Closed Mass Circulations Defined ONLY by Taking Zonal Average !!!

Annual Mean Hadley and Ferrel Cells
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http://www.ecmwf.int/research/era/ERA-40_Atlas/docs

Hadley Cell

Ferrel Cell Ferrel Cell

Upper Level Return Flow mostly to Winter (Southern) Hemisphere

NH Summer JJA Hadley and Ferrel Cells

NH SH
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Transient Disturbances

Wide Range of Space
and Time Scales of

Atmospheric Motions
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Mid-Latitude Cyclone
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• Strong cyclones over the
North Pacific & the central
or eastern US can indirectly
enhances the polar
outbreaks by intensifying
trough &  ridge regions.

• Rocky mountains also
favors intensification of
trough & ridge

• Progression occurs over a
period of 2-3 days.

• During this time eastern
North America cools while
western part warms.

Cold Fronts Warm Fronts SLP 500 Z
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Hatched Surface - Surface of constant ��

Air is being heated
by latent heat release
- and moves to
higher �Air flows down

adiabatically -
stays along
constant �
surface

Mid-Latitude Cyclones / Anti-cyclones and the Ferrel Cell



ICTP Predictability of Weather and Climate 2009 (David Straus)  Lecture 1 17

Mid-Latitude Disturbances Affect the Tropical Circulation !!!
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Cool Air Outbreak over US behind Cold Front Sweeping across Atlantic

Great Lakes

Yucatan

Florida

2330 UTC 5 Sept 1986           1130 UTC 6 Sept 1986

2330 UTC 6  Sept 1986           1130 UTC 7 Sept 1986
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2330 UTC 7 Sept 1986             530 UTC 8 Sept 1986

1130 UTC 8 Sept 1986           1730 UTC 8  Sept 1986
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Poleward Heat Transport by
(Anti) Cyclones

Measured by covariance of
meridional velocity v and
temperature T filtered to
retain time scales of 2-8 days.

“Storm Tracks” aligned with
maximum vertical shear -
related to baroclinic
instability. Synoptic scale
motions attempt to decrease
the gradient of Temperature

Variability on longer
Intra-Seasonal time scales

Measured by variance of
meridional velocity v and
filtered to retain time
scales of 10 - 90  days.

Maxima in variance
associated with “Blocking
Highs” - long-lived high
pressure systems causing
persistent weather
regimes in the region

Transient Fluctuations and the General Circulation
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Synoptic Eddies: Poleward Transport of Heat and Momentum
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DJF Diabatic Heating

 Due to Radiation, Latent Heat Release, Heating from Boundary, and Turbulence.
We can ONLY get this from an Atmospheric General Circulation Model (AGM)

How is diabatic heating estimated from reanalyses?
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JJA Diabatic Heating

Large Northward Shift in Heating from DJF to JJA partially due to Indian Monsoon
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Annual Mean Diabatic Heating
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Indian Summer Monsoon: July-Sept Circulation from ERA-40


