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What do we mean by Climate Impact Projections?

Studies that:
3. Project that relationship in the future using climate projections
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What do we mean by Climate Impact Projections?

Exist for many variables; used e.g. to estimate Social Cost of Carbon
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What do we mean by Uncertainty?

Looking at the three criteria from before...

1. Take historical weather data

2. Find a relationship between that data and some societal variable of interest

3. Project that relationship in the future using climate projections
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Sources of climate uncertainty in projections (e.g. Hawkins & Sutton 2009)

e Scenario uncertainty

 Model uncertainty
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What do we mean by Uncertainty?

Sources of climate uncertainty in projections (e.g. Hawkins & Sutton 2009)

e Scenario uncertainty
* Model uncertainty

. - outcomes differ due to internal
variability of the climate system / models



What do we mean by Uncertainty?

Sources of climate uncertainty in projections (e.g. Hawkins & Sutton 2009)

C Global, decadal mean surface air temperature
100
e Scenario uncertainty 90- »
low s 71 w |
* Model uncertainty g [
I | - g [
- S8 |
. S 50+ I
* Internal uncertainty gl -_
&= - '
E— S 30+ §
TSRS ,
20 - r
10- .
0
0 20 40 60 80 100

Lead time [years from 2000]

(from Hawkins and Sutton 2009)



What do we mean by Uncertainty?

Sources of climate uncertainty in projections (e.g. Hawkins & Sutton 2009)

e Scenario uncertainty
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Sources of climate uncertainty in projections (e.g. Hawkins & Sutton 2009)

Impact shown for a set of dose-response functions using
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What do we mean by Uncertainty?

Sources of climate uncertainty in projections (e.g. Hawkins & Sutton 2009)

e Scenario uncertainty
Impact shown for a set of dose-response functions using

-“ -“ J CMIP3 models by Burke et al. (2014); many impacts studies

» Model uncertainty now use an ensemble of models / scenarios

I - -

Effect on impacts projections has yet to be explicitly quantified.
* Now feasible using Single Model Initial-condition Large
Ensembles (LEs - Deser et al. 2020)



Single Model Initial-Condition Large Ensembles (LEs)

Running the same
climate model, with the
same inputs (scenario),
multiple times to sample
internal variability

From Deser, Clara, Adam S. Phillips, Michael A. Alexander,
and Brian V. Smoliak. 2014. “Projecting North American
Climate over the Next 50 Years: Uncertainty Due to Internal
Variability.” Journal of Climate 27 (6): 2271-96. https:/
doi.org/10.1175/JCLI-D-13-00451.1.

FIG. 1. Winter SAT trends

2010-60; °C (51yr) ™"

from each of the 40 CCSM3 ensemble members.


https://doi.org/10.1175/JCLI-D-13-00451.1
https://doi.org/10.1175/JCLI-D-13-00451.1

A sensitivity analysis of several well-known
dose-response functions to all three
sources of climate uncertainty

Does internal variability matter, and if so,
under what conditions?



Outline

1. Choice of dose-response functions

2. Partitioning climate uncertainty in projections using
these dose-response functions

3. How to fully incorporate climate uncertainty into
climate impacts projections
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Building impacts projections
Example mortality projections for continental USA - each dot is based on a single LE run
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Building impacts projections
Example mortality projections for continental USA - each dot is based on a single LE run
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Building impacts projections

Example mortality projections for continental USA - each dot is based on a single LE run
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Building impacts projections

Example mortality projections for continental USA - each dot is based on a single LE run

Uncertainty by source
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Uncertainty partitioning
depends on shape of dose-
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Uncertainty partitioning
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Geography of uncertainty
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2. Partitioning climate uncertainty in projections using
these dose-response functions

3. How to fully incorporate climate uncertainty into
climate impacts projections



Sources of uncertainty

Relative importance of source of uncertainty
(scenario, model, ) depends on:

* Timeframe of interest
o Shape of dose-response function

* Geography



Sources of uncertainty

lgnoring internal variability can result in
underestimating worst-case impacts!

e Near-term (decision-relevant?) impacts projections
 Non-linear relationships
e Areas with known existing strong internal variability

e Long-term impacts projections
« Monotonic dose-response functions
e Areas with few existing patterns of internal variability

Scenario
uncertainty
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xagg - raster data to polygons for python
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The importance of internal climate variability in climate impact
projections
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Single Model Initial- Condltlon Large Ensembles (LEs)

Running the same climate
model, with the same inputs
(scenario), multiple times to
sample internal variability

Initialization either:
,Micro”: bit-flipping initial
conditions
,Macro"“: branching off from
a long control run

From Deser, Clara, Adam S. Phillips, Michael A. Alexander,
and Brian V. Smoliak. 2014. “Projecting North American
Climate over the Next 50 Years: Uncertainty Due to Internal
Variability.” Journal of Climate 27 (6): 2271-96. https:/
doi.org/10.1175/JCLI-D-13-00451.1.

FIG. 1. Winter SAT trends [2010-60; °C (51 yr) '] from each of the 40 CCSM3 ensemble members.

Internal, model, scenario uncertainty Projection / bias-correction method What data are useful in impacts contexts?
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Single Model Initial- Condltlon Large Ensembles (LEs)
: . 3 i“{ . S =

Some limitations (of this
generation):

e CMIP5 generation
e Some only have monthly

data
e One scenario (RCP8.5)

From Deser, Clara, Adam S. Phillips, Michael A. Alexander,
and Brian V. Smoliak. 2014. “Projecting North American
Climate over the Next 50 Years: Uncertainty Due to Internal

Variability.” Journal of Climate 27 (6): 2271-96. https:/
doi.org/10.1175/JCLI-D-13-00451.1.

Internal, model, scenario uncertainty

FIG. 1. Winter SAT trends

2010-60; °C (51yr) ™"

Projection / bias-correction method

from each of the 40 CCSM3 ensemble members.

What data are useful in impacts contexts?
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GFDL-CM3'’s odd changing seasonal cycle

The outlier in mortality projections due to dramatically increasing summertime temperatures...
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