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What users want from 
climate extremes
A perspective from the private sector
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What is Jupiter?
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Who We Are
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All Perils

Flood

Wind

Heat

Precip

Globally Available

All Sectors

Jupiter operationalizes the world’s best climate science & economic impacts

Fire

Drought

Hail

Cold

Utilities

Chemicals

Mining

Manufacturing

Public Sector

Portfolio-Level Analysis
Facility-Level Resolution

Planning Horizon | now - 50+ yrs

Insurance

Banking

Real Estate

Asset
Management

Oil & Gas
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• “Tropical cyclones are getting worse”. But quantify this for a 
specific location!

• “Rainfall extremes will increase, therefore flooding will get 
worse.” Complicated linkages there!

• “Hot and dry weather conditions continue, so more 
wildfires.” Lots of other factors to consider.

“I read in the news that…” 
Generalization versus specifics

Basic ideas of climate change 
come from well-established 

fundamentals
● Increasing greenhouse gasses 

lead to a warmer planet

● A warmer planet means higher 
sea levels

● Extreme precipitation will likely 
increase 

● These are all general, global 
statements
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Consistent methods: Produce the same metrics of extremes at any 
land location globally

Global Coverage
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Drought

Spatial Scale

100 km 10 km 1 km 100 m 10 m 1 m

Hail/ 
Severe Wx

Precipitation

Wind

Heat Flood

Fire

Extremes for different perils are quantified on very different spatial scales 
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Drought

Spatial Scale

100 km 10 km 1 km 100 m 10 m 1 m

Hail/ 
Severe Wx

Precipitation

Wind

Heat Flood

Fire

One 5x5 degree tile at ~100m grid spacing 
is ~36 million grid points
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What do you need? 
User requests about extremes
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• Return Periods: Flood, precipitation and 
wind. Return periods are the main metrics we 
get asked about for these perils.  “Well 
understood”, can directly plug into many risk 
models.

• Threshold-based metrics. Metrics related to 
heat and cold usually expressed in this way. 
Other perils also expressed in this way.  
Questions about what are the most appropriate 
thresholds.

Types of Metrics
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• Hail/Severe Weather. US-centric development.  No 
single established way to measure this (particularly in 
changing climates).

• Drought. No single established way to measure this.  
Many metrics involve components that climate models 
really struggle with (e.g., soil moisture, 
evapotranspiration)

• Fire. Desire for “burn probability” involves factors beyond 
climate (fuels, built infrastructure, etc.).  “Fire weather 
days” usually isn’t useful enough, and hard to generalize 
globally.

The “Difficult to Quantify” Perils

Two methods for estimating 
change in future large hail or 
severe weather days per year→ 
Can give trends of the opposite 
sign
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• We build for the marginals. Exposures to 
different perils often considered separately.

• Increased sampling needed. Understanding 
the joint relationships needs far more 
observations than we have.

• Statistical vs. Dynamical. Can reduced-order 
statistical models capture the full spectrum of 
possibilities dynamic simulations can 
produce?

Compound Events
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What do you think?
User Response to Climate Extreme 
Information
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• Lots of education is needed. We 
have teams of individuals who work 
closely with our customers to walk 
them through the data and how to 
interpret it.

• Visualizing the data. Multiple 
metrics, locations, years, scenarios, 
uncertainty.

• “Just give me a number”. Despite 
importance, only most sophisticated 
users use uncertainty. Demand to 
distill complicated risk measures into 
simple “scores”.

How do I use this information?

High hazard to start, 
but relatively low 
changes in the future

Low hazard now 
and staying low

Fairly high to start, with 
high absolute and relative 
changes to come

Low hazard to 
start, but 
relatively 
large changes 
to come
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• Need for generic methods. Each user has their own 
specific thresholds or criteria that are relevant to them.

• Regulations and climate modeling scenarios aren’t 
always on the same page. “Risks in a 2C warmer climate” 
is a “simpler” concept than “Risks in the climate of 2075 in 
an SSP5-8.5 scenario.”

• Put it in dollars and cents. Ultimately, this is what the 
majority of our users want.  Catastrophe modeling works this 
way.  Translating climate extremes to financial losses adds 
so many new dimensions.

What about my metric?  My scenario?

In two years, we’ve gone from 
15 to over 100 “common” 

metrics that customers ask for.  
Most relate to extremes.
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• “I just need a number”. Not much capacity for understanding and using uncertainty quantification.

• “Uncertainties are too large.  Can’t conclude anything about the actual climate signal being 
significant”. Yes.  This is totally possible.

• “Give me the scenario are we actually in”. Understanding different sources of uncertainty.

• Putting uncertainty in the proper context. Uncertainty in the mean estimate of a metric is not the 
same as the full range of possible sample values that metric could take!

(Over-) Emphasis on the mean



Proprietary & Confidential 17

• Balancing lived experience with preparing for the unexpected. Capacity to believe a model that 
predicts the beyond experience.

• Validating against single (limited) realization of historical observations. We only have reliable 
observations for a few decades in most places.

• Local representativeness. How to validate models where there are limited in-situ observations?

“That’s never happened here”



Proprietary & Confidential 18

• How do you know your model is good? Customers want to validate extremes like more chronic 
metrics.  How do you validate a 100-year return period estimate with only ~50 years of observations in 
a non-stationary climate?

• How good is “good enough”? Understand what standards there are (can vary by industry, 
community).  Know what the customer needs to be confident.

• What to do when the model fails? It happens!  What happens to user confidence if the method 
succeeds for 1000 locations, but produces odd estimates for 2? 

Validation and Verification
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What do we do about it?
Jupiter’s Response to these Challenges
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Use cases Portfolio management, enterprise risk, pricing and 
underwriting, shareholder & regulatory response

Risk engineering, capital planning, safety and operations, 
underwriting, regional portfolio management 

Perils Flood, Heat, Wind, Wildfire, Hail, Drought, Precip Flood, Heat, Wind, Wildfire

Climate scenarios

Timescales

Geo coverage Worldwide Customer-driven domains

Approach Statistical downscaling for 
large-scale coverage

Dynamical-statistical downscaling for 
regional and local optimization

Spatial resolution Portfolio (90m) Asset (as low as 3m) 
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ClimateScore Global ClimateScore Planning

Two classes of products

SSP1-2.6, 2-4.5, 5-8.5 
(+2°C, +2.5°C, +5°C)

Every 5 years, 2020-2100
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• Start from global reanalysis data. Global coverage of all 
standard historical weather/climate variables.  Multiple timescales.  
10s of km grid spacing.

• Parametric distribution fits on historical extremes. 
O(1,000,000) grid points to fit distributions for global coverage.

• Use climate models to scale distribution parameters. 
Dimensionality reduction here makes this very tractable while 
maintaining consistency.

• Correct for local variations. An additional downscaling step to 
correct the local distribution parameters based on in-situ 
observations and known relationships based on elevation, land 
cover, etc.

Our Basic Workflow
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• Classic modeling of extremes. Rich literature and methods.  Examples to compare to.  Produces 
metrics customers expect.

• Dimensionality reduction. For global coverage, reduces needed data at each location to a more 
manageable amount.

• Flexibility in metrics. Can slice and dice the CDF in many ways to get the metrics we want.  Integrate 
area above a threshold.  Get return periods.

Parametric Distributions

More complicated 
accumulations like 

heating-degree-days can 
be constructed from the 

PDF
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• Regress distribution parameters against 
time-varying covariate(s). Filter out the climate 
signal from model “noise” (interannual variability)

• LOTS of benefits for us and our customers. 
Bespoke scenarios.  Focus on climate signal.  Great 
reduction in data dimensionality for climate signal.

• What do we lose by doing this? Need to get more 
sophisticated for non-linear responses to global 
mean temperature or CO2 concentration.  Proper 
representation of uncertainty.

Non-Stationary Parameter Estimation
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Local Refinement of Climatological Distributions
OBSERVATIONS

● In-situ (weather station)
● Remote sensing (satellite, radar)

DYNAMIC SIMULATIONS
● Public datasets (govt or academic)
● Jupiter’s own modeling

GEOGRAPHIC CHARACTERISTICS
● Topography
● Land-use / Land-cover

LARGE-SCALE CLIMATE
● Reanalysis datasets
● Other downscaled climatologies

Historical climatological 
parameters on a 90m grid
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• Flood and fire require more sophisticated models. High 
spatial variability in the response demands closer attention 
for accuracy.

• Balance sophistication with scalability. How good is 
“good enough”? How many examples do we need to 
simulate to be able to generalize?  To capture the spectrum 
of changes due to climate change?  Emulation as an option.

• Climate boundary conditions still derived from 
parametric distribution methods. Build off that consistent 
way of estimating the climate signal.

• Bulk of our computational and R&D work is devoted to 
these models. It’s a challenging problem. 

Dynamic Downscaling
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• Global Climate Models miss a lot. Tropical 
cyclones, local thunderstorms, other small scale 
weather features that contribute to extremes are 
not captured.

• Build up samples from a climate-tunable 
low-order dynamic model. Rich history of 
synthetic tropical cyclone generation.

• Fit another marginal distribution to 
storm-specific hazards. Knowing the rate 
these events occur at a location, this allows for 
mixture modeling with the more generic extreme 
estimates.

Synthetic Storm Generation
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• Ensure our distribution fitting methods 
are reasonable globally. Looking for 
unexpected values, 
failures/non-convergence.  Establishing 
alternatives for when that happens.

• Compare to other datasets. Ensure we’re 
properly representing the state of the 
science.

• Communicate to customers where our 
models work better and where they don’t. 
Transparency is very, very appreciated by 
our customers.

Validation and Verification
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What’s next?
Future Needs and Directions
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● Dimensionality reduction to estimate extremes. 
○ What’s the minimum amount of data we need to robustly describe extremes and how they will 

change? 
○ Joint distributions of compound events?
○ Spatial information to keep?

● Robust extreme value estimation with limited supervision. 
○ Willing to compromise some “goodness-of-fit” for global scalability.
○ Methods also need to be interpretable for customers.

● Is it climate change or limited historical samples?
○ Do current-day extreme “unprecedented” events represent more a lack of diversity in historical 

samples, or are truly emblematic of climate change?

What are we looking for?
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• There’s so much climate data out there. Regional and global 
climate model (ensemble) simulations, observations from different 
countries and regions, satellite estimates of climate-relevant 
variables.

• We build our methods to try and incorporate as much as we 
can. We want to try and present the best consensus estimate of 
the state of the science, rather than some proprietary “better” 
model.

• We need to test our methods on a wide variety of climates. 
Just because it worked for three test observation time series 
doesn’t mean it can scale globally.

• But we need to be able to access the data. “Available upon 
request” isn’t helpful or timely.  Cloud-optimized data has made 
leaps and bounds of improvement.

Data accessibility
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• Exposure is also a function of human 
factors. Population growth, land use 
changes, infrastructure values.

• Climate change risk “signal” can be 
dominated by this effect. Increased 
“damage” in media reports often largely 
attributed to expanding bullseye.

• Uncertainty relative to climate 
uncertainty? Can dominate signal, but also 
dominate uncertainty.

“Expanding Bullseye” effect
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• Dynamic models likely best way to build up enough 
physically-consistent samples to understand statistics. This will require a 
lot of compute and intelligent experiment design.

• Balance dimensionality reduction with capturing the nuances. Going to 
need to distill this data into globally robust, tractable relationships whose 
response to climate change can be understood.

• Balance complexity of compound hazards with the “just give me a 
number” desire. How do we communicate the various nuances of compound 
hazards when customers want a single number?

Compound hazard estimation
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• Huge market for “climate translators”. Speak the language of the user, but 
know what climate information can mean to them.

• Explaining our statistical methods to non-experts. Mention “generalized 
extreme value distribution” and see whose eyes glaze over.  Most people want to 
understand.

• Dealing with uncertainty. It’s there.  It’s large.  It’s valuable information. Doesn’t 
mean you shouldn’t pay attention.

Education


