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Objective:  Create quantitative guidance for weather and climate related decisions 
based on the best science and information available.

Ethos: Conduct business with integrity, innovation, credibility, and transparency.

Company: 
Product development 
focused
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Founded in 2009
• 11-year history of CropProphet
• 16-year history of World Climate Service
• Significant R&D funding from U.S. government Small Business Innovation Research 

grants (SBIRs) focused on weather and climate risk



Climate Distribution
Seasonal forecasts have traditionally predicted tercile probabilities
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Forecast Application
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Long lead forecasts focus on shifts in the distribution

If observation falls 
within predicted 

tercile it’s “correct”
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If observation falls 
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Subseasonal:  Week 1-6
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Seasonal: Month 1-6 + seasons
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MMECalibrated Forecasts of 
Average over time period for:
• 2m Temperature 
• 10 m wind speed 
• solar radiation

Model-Based Forecasts



What is Calibration?
A two-step process applied to ensemble dynamical model forecasts 
that uses reforecast data to: 

1) Correct model biases, and
2) Adjust ensemble variances to increase reliability

Reliability: 
An event forecasted with a specific probability should occur at 
that frequency

i.e., above normal temperatures should occur 70% of the time 
when the forecast is 70% chance of above normal temperatures



WMO Recommendation

It’s possible to analyze a long-list of forecast 
verification statistics that measures the 
“academic” performance of the model. 

We think it’s important to focus on:
1)Reliability (i.e., uncertainty)
2)Understandable skill (i.e., tercile fraction correct)
3)All available sources of skill (i.e., analogs)



Analogs Have Value Too

1) Find forecasts of Climate Indices

100 m wind speed probabilities

3) Composite Those Years

2) Find Analog Years

Top 10 DJF Averaged AOs



Example Forecast

Over-confident: predicted probabilities 
too high

Calibration seeks to create reliable 
forecasts

using available model reforecast data

Calibrated ECMWF “Week Three” Forecast



Forecast Evaluation
� Skill Score:  Tercile Fraction Correct (TCF)
• Track the dominant probability
• Track the resulting observation category
• Calculate the fraction of forecasts verifying correctly



Benefits of Calibration

Fraction Correct

% of Total Forecasts



Forecast of Opportunity

� Probabilities enable 
evaluation of risk

Week 3 
Forecast

Week 4 
Forecast

Observed

Wall Street Journal
Jan 11, 2021



Seasonal Forecast Calibration
Uncalibrated Reliability Diagram Calibrated Reliability Diagram

Winter Temperature Forecasts



Calibration is great, but . . .
How do I get a power forecast from a calibrated forecast? 

https://www.hindawi.com/journals/jen/2016/8519785/fig2/

Non-linear power curve makes it 
difficult to translate a weekly/monthly 
average wind speed to a power 
estimate.



Solutions
#1:  Bias Correct Model Forecast to Local Observations

Step #1 Step #2 W  =!!"#$ 	− $%&'

#2: Leverage Analogs:  Sample the past
!! + #!a * ERA5 + ℇ =

ERA5 On site Obs

Generate long-history of wind speed 
and power generation

Leverage climate indices to 
select analog years to 
subsample history

Step #1 Step #2



Benefits of Calibration

� Calibration relates probability to forecast confidence, 
allowing estimation of risk.

� The skill of long-range forecasts, while post-processing 
dependent, is generally dependent on the models 
being used.

� The ensembles contain uncertainty information but 
must be calibrated for maximum reliability.

� If the deterministic skill scores are needed, they should 
be from a properly calibrated forecast system.



Thank You!

https://www.worldclimateservice.com
info@worldclimateservice.com



Weather/Climate Timescales

WCS

WCS



An Extreme Case



𝑈! + 𝑉!a * ERA5 + ℇ  =

ERA5 On site Obs
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