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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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 = Analysis  = Forecast = Model Integration

= Observations

(2) Observations modify first
guess of atmospheric state to
produce an analysis

(3) The analysis is the initial
condition for the subsequent
forecast

(1) Model forecast provides “first
guess” for use in the analysis
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Error Growth Model Applied to each total wavenumber n separately
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Estimating the Effects of Initial Condition (Analysis) Error and Model Error

-We don’t know what the analysis error is!

- We do have a number of analyses available to us for any day: Analyses using difference
numerical models for the first guess (and different ways of assimilating the observed
data) give us a measure of the uncertainty in the analysis.

- Consider the analysis for a given day produced using model A for the first guess, and
one using model B for the first guess. Call these Analysis A and Analysis B.

-From each of these analyses we can make a forecast using any numerical model

-Specifying the forecast means specifying both the analysis and the model.

- Thus we can compare the forecast made from Analysis A using Model B with the
forecast made from Analysis B using Model B. This gives one estimate of the error due
to the initial condition.

- Likewise, we can compare the forecast made from Analysis A using Model B with the
forecast made from Analysis A using Model A to get an estimate of the error due to
the the model.



ICTP Predictability of Weather and Climate 2009  (David Straus)  Lecture 3 18

(a) Difference between (UK anal + UK model) and (EC anal + EC model) forecast

(b) Difference between (UK anal + EC model) and (EC anal + EC model) forecast

(c) True forecast error: (EC anal + EC model ) minus EC Verifying analysis

(a) (b)

(c)
5-day forecast of Z500
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Ensemble Forecasts: Recognizing that we Do Not Know the True Initial State

-Since the analysis is an approximation to the true atmospheric state, we should also
consider other “nearby” states as possible initial conditions for a forecast.

- The idea is to run a number of forecasts from initial states that are all consistent with
the observed data (but which may differ from the analysis slightly).

- This will help us to capture dramatic behavior in the real atmosphere that might be
missed by a single forecast. We expect sensitivity to small changes in initial state due to
chaos!
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PDF(0) = Probability of Real temperature
given only the analysis, which is an estimate
of the temperature.

PDF(t) = Probability of Forecast
Temperature using an ensemble of forecasts
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5700 m isolines: Analysis Single control forecast  Ensemble forecasts

5200 m isolines: Analysis Single control forecast  Ensemble forecasts

5-day forecasts of Z 500 for 2 cases

Low error growth High error growth



ICTP Predictability of Weather and Climate 2009  (David Straus)  Lecture 3 23

Defining Initial Conditions for Ensemble Prediction: Singular Vectors

1. The different initial conditions are obtained by adding(small)  perturbations to the
analysis

2. The perturbations should be those that grow the most rapidly, so that you can sample
different possible forecast behaviors

3. One way to choose these perturbations is given by Singular Vectors

4. Singular vectors are defined as the perturbations which grow the most rapidly over
a fixed forecast interval (usually a few days), using the equations of motion
linearized about the current state

5. Since predictability depends strongly on initial state, the singular vectors must be
computed for each initial state (for each analysis)
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Defining Initial Conditions for Ensemble Prediction: Bred Vectors


