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 Drivers 
 Evidence 
 Teleconnections 
 Modeling 
 Downscaling 
 Limitations 
 Uncertainty 
 Regions & scale 
 Interpretation 
 Communication 



Regional climate projections  
Finding a robust message 

"In science there's a whole lot of facts 
and basic information on the nature of 

climate change, but it's not being treated 
that way. It's being treated as opinion."  

Kevin Trenberth: http://wwwp.dailyclimate.org/tdc-newsroom/2010/03/cyber-bullying-rises-as-climate-data-are 
 

 
Health warning that should accompany all projections: 

Do NOT over-interpret, recognize the information 
limitations, understand that at local scales issues are 

highly multi-variate and nuanced 
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The projection/prediction skill “W”:  
1. 5ƻ ǿŜ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ άŘƛǇǎέ 
2. Do we know where the limit of predictability is (red line) 
3. What is the user-relevant skill curve (blue line) 

Daily     2-3 weeks    Months   Seasonal    Decadal   Century 
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²ƘŀǘΩǎ ƘŀǇǇŜƴƛƴƎΚ 
Why is that? 
What causes it? 
Why does it happen? 
What else is involved? 
Why is it not working? 
Etc., etc. 
 
Leaving out a What and Why 
undermines the resultant 
scientific understanding 

The what-why spiral  
of science: data alone 
does not give the answer 
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Regional 
dynamics 

Simulating 
Teleconnections Simulation with 

Deterministic modeling 
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downscaling 

Multi-model 
integration 

Projections and 
Probability Coupling to impact 

models 

Communication 
and dissemination 

Feedbacks and 
nonlinearity 

Error, bias, and 
uncertainty 

Transformation 
and tailoring 

Vulnerability and 
risk assessment 

Assimilation and 
model initialization 
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Data 
Climate models, historical 

observations, trends, 
downscaling, projections, event 

ÆÒÅÑÕÅÎÃÙȟ ȣ 

 
Information 

Measures of vulnerability and 
risk, threshold exceedence, 

combinatory impacts, 
uncertainty and confidence, 
ÒÅÇÉÏÎÁÌ ÓÃÁÌÅ ÖÁÒÉÁÔÉÏÎÓȟ ȣ  

 
Knowledge 

Assessing options, understanding 
consequences, evaluating 

responses, informing decision 
ÍÁËÉÎÇȟ ȣ 

 
A basis for action 

Balance competing priorities, 
strategic investments in 

adaptation and mitigation, new 
research avenues, coordination 
ÏÆ ÒÅÓÐÏÎÓÅ ÆÒÁÍÅ×ÏÒËÓȟ ȣ 

Generated by models, 
analyses, downscaling, 
observations é 

We are not always sure 
when we have ñinformationò 

Comes with close coupling 
between science and society 

Actions are risky, and takes 
place within a multi-stressor 
context 
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The questions that producers of climate projections 
need to answer: 
 
1. Is my projection plausible: Does the present day 
regional simulation at least fall within natural variability 
 
2. Is the projection defensible: On a regional scale, am I 
able to explain in physical process terms why the forecast 
shows what it does? 
 
3. Is the projection actionable: at the time and space 
scales of user decision making, can I defend taking action 
with real implications based on the information of my 
forecast?  (Would I spend my own money?) 
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Observations 
& the past 

Circulation 
predictions 

Responsibility to engage in developing messages 

Regional Integration and Understanding 

Data products with 
articulated uncertainty 

Storylines and robust 
messages of anomalies In
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Adapted from Hewitson et al., 2010 

Contextualization 
around real world 

questions 
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ñUser communitiesò 

Downscaled 
predictions 

GCM 
predictions 
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A 

PRUDENCE : Sources of uncertainty in temperature and  
precipitation change (2071-2100 minus 1961-1990)  
    (Adapted from Deque et al. 2007)  

T-DJF T-JJA P-JJA P-DJF 

SCENARIO 
(ElNino mode?) 

GCM 

άbhL{9έ 

RCM 

(F. Giorgi, 2008) 

Sources of uncertainty 
Are we able to answer this for seasonal forecasting? 

Example of knowledge gap for seasonal forecasting 
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Regional projection challenges? 
Consider the following data: 

GCM-a, ~2 deg resolution, 10 ensemble members 
GCM-b, ~1 deg resolution, 5 ensemble members 
GCM-c, ~2.5 deg resolution, 1 simulation 
RCM-a 25 downscaling of 3 ensemble members from GCM-a 
RCM-b 5km downscaling 1 ensemble member from GCM-b 
Statstical downscaling to point scale of all ensemble 

members from GCM-a and GCM-b 
 
Which sources do you use, and according to what metric? 
If you use only some sources, there will be contradictions with 

other sources, how do you explain the contradiction? 
If all sources are used, how do you combine multiple methods 

and resolutions? 
What is the true uncertainty at a given spatial scale? 

 

 



The life cycle of making regional projections 
 

1. Understand the system drivers and dynamics 
2. Model the systems deterministic and stochastic response 
3. Evaluate model limitations 
4. Integrate multi-model multi-method data 
5. Extract information from data 
6. Develop regional messages 
7. Quantify uncertainty and probability 
8. Tailor for user needs and scales 
9. Communicate signal, uncertainty, probability 
10.Assess impact and vulnerabilities 
11.Identify shortcomings and limitations 
12.Identify critical physical process knowledge gaps 
13.Go to step 1 

One takes shortcuts at notable risk 
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NARCCAP 

CLARIS 

ENSEMBLES 

RCMIP 

+ polar regions From Colin Jones 

CORDEX : an unprecedented opportunity waiting to be used 

Leverage resources: CMIP5 and CORDEX 



(Some) Frontier questions / actions to finding added value 

1. How to handle and communicate the envelope of uncertainty 

2. How to integrate results from high resolution GCMs, RCMs and 
statistical downscaling solutions 

3. What new ways can we / should we interrogate the data to find 
relevant information? 

4. If contradictions arise between different information sources, is 
there a consistent approach to framing this spread of messages? 

5. What is used as the baseline gridded reference of past climate. 
Or in other words what is normal and how should it be 
characterized, where is the data, is it any good, can we access it? 

6. How best to leverage existing research capacity, and sensitize 
the modeling community to user-community needs 
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(Some) ñdeep scienceò questions constraining understanding: 

1. For a given region and season, what are the limits to 
deterministic predictability, and how close are we to these? 

2. What are the sources of stochastic variance, and when will this 
preclude identification of additional signal / skill? 

3. How to combine multi-model, multi-method ensemble data sets 
in order to maximize relevant signal to noise ratios? 

4. What alternative ways can we interrogate the data to identify 
signal that has yet to be disclosed, and which may be user 
relevant 

5. What framework is appropriate for forecasts; would a threshold 
approach be fruitful for a diverse user community? 

6. Can we construct probability with ill-defined uncertainty space? 
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