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Outline 

• What is verification and validation of climate products? 

• Validation:  
• Are our approaches appropriate? 
• What are the uncertainties? 

• Verification: 
• Do we recreate current conditions? 
• Can we verify future climate? 
• How confident can we be? 

• Climate Products 
• What do users of climate information want to know? 
• Extreme events 
• Spatial considerations 
• Commonalities with weather V&V 

• Future directions for climate verification 

 K. Riahi et al, 2017. 



Climate Products 

• Consumers of climate information are interested in many, many aspects of 
climate change: floods, fires, hail, severe precipitation, heat, lightning, icing, 
waves, tropical cyclones 
 

• Means, extremes, combined effects;  RISK = f (Likelihood and Exposure) 
 

• Environmental impacts, human impacts and built environments 
• Finance, Insurance, Real Estate, Corporate and Other Assets 



Climate Products:  
What do users want to know? 
• Strong preference for impactful events: 

• Extremes of wind, temperature, precipitation, drought, fire 

• Intense interest in next year to decade(s). 

• Large range of interest in technical verification details. 
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Some Typical Questions 
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What do we mean by V&V of Climate 
Products? 
• Validation:  The methods and their applications are sound 

 
• Reasonable assumptions for future environmental conditions 
• A range of assumptions can be considered, based on different estimates of the future 

 

• State of the art climate projections 
• Best available models for estimating the future (not just climate models) 

 
 

• Verification:  Independent confirmation of projections, including baseline 

 
• Use of historical and current data 
• Comparison to independent projections 
• Estimation of uncertainty 
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Climate Models – estimating the 
future 

• Full acknowledgement that we don’t “know” the future: 
• Future population? 

• Continued fossil fuel usage? 

• Land use? 

• Pollution/aerosol levels? 

 

• Climate model output is a projection of a future climate. 
• It describes a range of futures that are consistent with pathways and 

the underlying assumptions 

 

• Common CO2 assumptions for the future:  

• RCP 2.6, RCP 4.5, RCP 6.0, RCP 8.5 (among others) on a background of 
different Shared Socioeconomic Pathways involving population, GDP, 
technological advances, etc. 

K. Riahi et al, 2017. 

V. Eyring et al, 2016. 



Validation of Climate Models 
• Climate models have a rich history and are 

heavily researched, characterized and 
vetted. 
 

• Models are evaluated on multiple metrics: 
• Mean state, seasonal cycle, internal 

variability exhibited, geographic 
climatology; trends 

• There are no perfect climate models; each 
has strengths and weaknesses 

 

• The most appropriate model choice may be 
dependent on the area, and climate hazard 
of interest. 
• Fortunately, there is significant, continual work 

in this area. 

Arctic   

Antarctic 

Q. Shu et al, 2015. 



M. Grose et al, 2014. 



Validation of Climate Products 

• Often, climate products are not simply output from climate models. 

• Compound modeling may be needed to estimate aspects of a future climate 
• Statistical downscaling 
• Dynamical downscaling 
• Sequential modeling 

 
 
 
 
 

 
 
• Vetted methodology, QA/QC at every step: “The right results for the right 

reasons.” 
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Verification of Climate Products: 
 Which products?  Which decisions? 
• Verification of climate products involves addressing a wide range of questions: 

• Which areas of the Earth will warm the most? 
• Will tropical cyclones increase? (intensity, frequency, area?) 
• What is the risk of a tornado in this town? 
• Will this warehouse flood? 

 

• Increasingly, climate information is used to support decisions: 
• Business owner decisions: Ignore, fortify, move 
• Insurance risks: rates for specific perils; compound perils; exposure estimates 
• Governmental regulations: encourage development, change building codes 

 

• Savvy users want probabilities of events occurring [under each projected scenario] 
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Verification Structure 

• Evaluation of data 
• Physically realistic 
• Spatially and temporally consistent 

 

• Comparison to current distributions 
• Data are rarely Gaussian, particularly extreme events 
• Long datasets are not always available 
• Full spatial resolution datasets are not always available 

 

• Comparison to historical events 

• Comparison to recent extreme events 

• Comparison to other approaches 
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Jupiter ClimateScore Global 
Image Courtesy of Galen Yacalis, Jupiter Intelligence 



Summarizing 
Verification 
• Report Cards for Verification 

• Examination by peril 

• Separate analysis for present day, 
near future, mid-century and late 
century 

• Classic verification for Baseline 

• Consistency and physical 
arguments for future years. 

• Scientific judgment at each step. 

• Support material backing every 
judgment. 
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A word about 
observations 
• Scarcity of long-term, high (consistent) quality datasets for 

floods, hail, tropical cyclones, droughts, etc. 

• Novel, non-standard, emerging technologies are often the best 
available: 
• Citizen science (high water marks, personal reports, cell phones images, 

etc.) 
• Synthetic Aperture Radar (SAR) 
• Unmanned Aircraft 
• Traffic cameras (doorbell cameras!) 
• Proprietary information from customers, insurance, government 

• Each idiosyncratic datasets requires its own use 
• Often not long-term, but offer partial information 

Unmanned Aircraft Image of 
Charleston after Hurricane  

Florence. 

311 flood calls by hour to NYC 

E. Levin et al, 2020 
Helios System, L3Harris 

J. Primatchuk, 2015 
based on NYC 311 Data 



Summarizing verification 

Quality Indicators  >> Verification Indices >> Quality Acceptance Criteria >=Good <=OK 

1. Technical Check (no missing data, appropriate values, basic consistency) 99% 1% 

2. Return Level/Scenario consistency Checks 90% 10% 

3. Spatial Consistency 100% 0% 

4. Comparison to historical distributions, goodness of fit tests 82% 18% 

5. Comparison to extreme past events 97% 3% 

6. Comparison to select Jupiter CSP products 71% 29% 

7. Comparison to other climate projections 68% 32% 
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In depth examination of future perils 
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Exceedance Probabilities and 
Extreme Value fitting 
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Figures Courtesy of Alexis Hoffman, Jupiter Intelligence 



Comparison of 311 calls with FSP Hazards 
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Figures Courtesy of Jupiter Intelligence 



Summary 

• Verification of Climate Products is challenging 
• Covering many perils (tropical cyclones, droughts, flood, fire, etc.) 
• Addressing extreme events – always the hardest to verify 
• Sometimes involving layers of modeling 
• Without the luxury of *knowing* we are right. 

• The public has a right to ask, “To what level can we trust this?” 

• Validation requires using sound, current approaches (modeling, statistics, 
artificial intelligence) 

• Verification requires multiple avenues to test for reasonableness, support 
from current observations, appropriateness from past observations. 

• State of the Art Verification requires use of emerging observing technologies 
and analytical techniques 

 

• Scientific judgment at every step 

NASA 


