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The quality of a forecast does not 

only depend on the forecast itself
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and observational reference

10

Irreducible (inherent) error
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Limited sampling

Lorenz, J. Atm. Sci.., 1963; Orrell et al., Nonlin. Proc. Geoph., 2001; Okuro et al., Int. J. Rem. Sens., 2014; Scaife et al., GRL, 2014.
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Outline

1. Joint estimation of model and observational error

2. Decomposition of forecast error
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440 forecasts (not independent from each other)

4 observational datasets for verification

(not independent from each other either)

11 models 

10 members 

4-month forecasts initialized in May

Period for evaluation: 1993-2009

ESA-CCI ERA-Int ERSST4 HadISST

NMME Ensemble + 3 versions of EC-EARTH 

Seasonal forecasts of summer

sea surface temperature
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Joint Correlation Matrix of Models and 
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Joint Correlation Matrix of Models and 

Observations: a wealth of information

Correlation of 

August Niño3.4 

SST (1993-2009)

1

0

- model-dependent potential skill

- model genealogy

- observational references are not 

indistinguishable from model forecasts

- skill of forecasts (as usual)
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Outline

1. Joint estimation of model and observational error
We have developed a tool to track the performance

of observations and models all together

2. Decomposition of forecast error
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Propagating error from daily/local to 

monthly/regional scales is challenging

Merchant et al., Geosci. Data J., 2014

ESA-CCI provides uncertainty in their SST product (daily, each grid point)V

ESA-CCI SST 2010-01-05
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Propagating error from daily/local to 

monthly/regional scales is challenging

Merchant et al., Geosci. Data J., 2014

ESA-CCI provides uncertainty in their SST product (daily, each grid point)

But errors are correlated in space and time  tricky to estimate the 

uncertainty on the monthly-mean SST in a given region 

V
X

ESA-CCI SST 2010-01-05

ESA-CCI SST 2010-01-06

ESA-CCI SST 2010-01-07
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A look-up figure to quantify 

error propagation
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Partitioning forecast uncertainty

Due to obs. uncertainty

Due to limited period 

Due to limited 

# of members

Observational uncertainty accounts for 20-60% 

of total uncertainty in skill score!

• Ensemble forecast: ECMWF’s S4 (10 members)

• Verification product: ESA-CCI

• Uncertainty envelopes estimated by bootstrapping
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Partitioning forecast uncertainty

The verification of SST forecasts is limited by 

observational uncertainty at high latitudes
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Outline

1. Joint estimation of model and observational error
We have developed a tool to track the performance

of observations and models all together

2. Decomposition of forecast error
Observational uncertainty cannot be neglected in 

seasonal climate forecasting
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Take home messages

Summary | Climate forecast verification encodes much more information than 

usually thought: inter-dependence of models and observational references as well as 

the role of respective sources of uncertainty on the perceived model quality.

Recommendations | Models cannot always be blamed for low performance. The 

shortness of period of investigation and the inherent uncertainty in observational 

products used in the validation also introduce uncertainty in the performance as we 

measure it classically. 

Outlooks | Forecast quality assessment should move away from a deterministic 

framework and better reflect the uncertain nature of model-observation comparison.

Deterministic Probabilistic

correlation
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correlation
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A signal-plus-noise toy model

All error terms are assumed to be uncorrelated

Interannual 

variability

Measurement and 

representativity error

Model forecast error (physics, initial conditions, 

resolution) + irreducible error (atmosphere)

[Model from Weigel et al., QJRMS, 2008. See also Siegert et al., 2015]

TRUTH

OBS

MODEL



Correlation increases when

- Model explains more variability,

- Model error decreases,

- Climate signal is stronger,

- Observational error decreases.

In this very simple paradigm, observational 

error is also a source of low skill

If error statistics are known, the 

dependence can be predicted






