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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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Atmospheric Numerical Weather Prediction and Climate Models

Atmospheric Components of Coupled Models

(1) Dynamics. 2 choices:

- Primitive equations: hydrostatic relationship �p/�z = - �g

- Non-hydrostatic equations

(2) Horizontal domain usually global, with spherical geometry. 2 choices:

- Variables represented at grid points for both dynamical and physical
processes

- Variables represented in spectral coefficients (spherical harmonics) for
dynamics, and in grid point space for physical processes

(3) Vertical domain includes troposphere and stratosphere

(4) Some physical processes explicitly represented

- Latent heat release due to resolved (large-scale) moist saturation

- Gravity waves that are resolved (large-scale)

(5) Parameterizations for many physical processes not explicitly resolved
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Primitive Equations
(1) Filtered version of the fundamental equations of fluid dynamics

(2) Assumption made that vertical domain is much smaller than horizontal domain, so
that the vertical velocity is much smaller than the horizontal velocity

(3) Assumption (2) is consistent with the hydrostatic equation, which relates the
mass to the vertical derivative of pressure. This filters out sound waves from the set
of equations.

(4) Often solved with the use of pressure (or a related quantity) as the vertical
coordinate.
In these “pressure” coordinates, the fundamental dynamical equations consist of:

Momentum equations for horizontal flow - Newton’s Second Law in a rotating
frame of reference. (F = ma = m dv/dt)

Thermodynamic equation (T dS/dt = Q)  where S=entropy, Q=heating

Conservation of mass

Conservation of water (vapor + liquid + ice)
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Important Physical Processes
Explicitly Resolved  Parameterized

Solar Radiation - both incoming and reflected

Thermal radiation upward from the ground

Thermal radiation, both upward and downward, from gases in the
troposphere, and from clouds.

Latent heat release from condensation of water vapor due to resolved
motions.

Latent heat release and motion due to motions not resolved - convection
(includes both deep convection and shallow convection).

Planetary Boundary Layer diffusion and turbulence.

These processes can be very non-linear, in fact not even analytic!
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http://www.global-greenhouse-warming.com/images/SolarRadiationDiagram.jpg

Basic Radiation Balance Forcing the Atmosphere-Ocean-Earth
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http://www.lsbu.ac.uk/water/images/phase.gif

Thermodynamic Importance of Water:Energy Released or
Absorbed by Changes of Phase: Vapor <--> Liquid <--> Solid

Phase Diagram of Water
(Typical Atmosopheric water vapor conditions shown in red box)
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(Andreas Chlond)
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http://en.wikipedia.org/wiki/File:Triangles_(spherical_geometry).jpg

Challenges in Representing Fields at Discrete Points on the Sphere



ICTP Predictability of Weather and Climate 2009 (David Straus) Lecture 2 12



ICTP Predictability of Weather and Climate 2009 (David Straus) Lecture 2 13



ICTP Predictability of Weather and Climate 2009 (David Straus) Lecture 2 14



ICTP Predictability of Weather and Climate 2009 (David Straus) Lecture 2 15



ICTP Predictability of Weather and Climate 2009 (David Straus) Lecture 2 16



ICTP Predictability of Weather and Climate 2009 (David Straus) Lecture 2 17

J. Lander and B. J. Hoskins, 1997

What is the physical resolution of a spectral model with Triangular truncation?

Definition 1: The wavelength �� of the smallest wave retained in the spherical 
harmonic basis set:  �= 2�/k = 2� a  / [ N(N+1) ]1/2  (N is highest total
wavenumber in truncated basis set, k is the wavenumber).

Definition 2: The size d of a very sharply defined local feature (delta function) when
expressed in terms of the spherical harmonic basis set.

N 21 42 63 106 213

� 1859 942 628 377 188 km

d 2979 1507 1009 601 300 km
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for representing mountains
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Atmospheric Forecast and Climate Models
Variables which predicted by explicit evolution equations (“prognostic”):

At every model vertical level:
(1) Horizontal flow (zonal and meridional winds)
(2) Temperature
(3) Water Vapor
(4) Liquid and Solid water (clouds)

Surface Fields:
(1) surface pressure

Weather forecasting AGCM resolution: T 799 (ECMWF); T 382 (NCEP)
Climate change coupled model simulation resolution: T85 (NCAR CCSM)


