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Motivating example: Resource Adequacy
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Need hourly data that reflects future weather extremes
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Need hourly resolution, forward-looking weather data

= Global Climate Model (GCM) data is widely available...
= But GCM data is typically daily resolution

= Interpolating (daily-to-hourly) is simple...
= But can miss important patterns

= Customized dynamic downscaling is powerful...

= But is typically expensive and not widely available

What can we do today?
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ldea: combine historical data and climate projections

Historical Data

Climate Projections

Hourly data
Realistic variability
- Scales of weeks, months, & years from 72
years of historical weather (1950-2021)

Historical years only
- Can’t represent weather extremes that
haven’t happened

Preserves physical link between variables
- Variables are dynamically consistent since
they come from the same dataset (ERA5)

All variables available
- i.e., 10 m & 100 m wind speeds

Daily data
Limited variability
- Variability is constrained to the underlying
physical model; typically not well-captured

Future years + historical simulations
- Can capture how the climate will change
- Can represent weather that has never happened

Projection data lacks variables at hourly resolution
- Physical link is absent when interpolating daily
data or using variables from different sources

Limited number of variables
- i.e., 10 m wind speeds only

Important or desired characteristic

*Note: we currently only shift temperature profiles (and precipitation where relevant), maintaining historical hourly correlation with wind and solar (which

haven’t been shown by GCMs to shift distribution)
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High-level overview of our method

(1) Detrend historical data (2) Calculate distributional (3) Shift historical data
using representative years shift from GCM historical using the deltas (shift)

with natural variability simulation to project period calculated in step 2
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Can use multiple GCMs as input
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How much data does this method generate?
N years of IVI climate emission
historical data X models X scenarios

Example:

. . : Weather year profiles
72 years historical data (ERA5) — 7 20 per farget study year

° 5 Cllmate mOdE|S (CMIP6) 720 versions of 2030 weather

e 2 emissions concentration scenarios
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What does the output look like?

atosave @ (M B B 9 O - &) Higher_Scenario_Hartford ~ Q, Search (Cmd + Ctrl + U) d
[ ]
. T t m Insert Draw  Page Layout Formulas Data Review View  Automate [J comments (& Share
I m e S a m p "“DV l.{'i. _ [ LAntoe Narrow (Bod., v 12~ AN i i E f:L: Number M g::‘:::ia:;;mi'“"ﬂ v El © /() o
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I d F8 4 fe 648 v
=1 column per GCM an . B : D : F
. . . 1 timestamp GFDL_SSP370 IPSL_SSP370 MPI_SSP370 MRI_SSP370 UKESM_SSP370
e m I SS I O n S Sce n a rI O 2 1950-01-0100:00 1.04 0.02 0.76 0.72 1.59
3 1950-01-0101:00 0.71 -0.33 0.35 0.45 1.29
4 1950-01-0102:00 -0.08 -1.18 -0.65 -0.21 0.56
5 1950-01-0103:00 -0.42 -1.54 -1.07 -0.49 0.26
6 1950-01-0104:00 -0.41 -1.53 -1.06 -0.48 0.27
7 1950-01-0105:00 0.43 -0.63 -0.01 0.21 1.03
8 1950-01-0106:00 0.37 -0.69 -0.08 0.17 0.98
° 9 1950-01-0107:00 0.33 -0.74 -0.13 0.13 0.94
u Exa mple. G F D L SS P37O 10 1950-01-01 08:00 1.17 0.16 0.92 0.82 1.71
- 11 1950-01-01 09:00 1.62 0.64 1.49 1.20 2.12
12 1950-01-0110:00 2.15 1.20 2.15 1.64 2.61
—_— G F D L —_— G C IVI 13 1950-01-0111:00 2.06 1.1 2.04 1.56 2.53
14 1950-01-0112:00 2.13 1.19 213 1.63 2.60
. 15 1950-01-0113:00 2.25 1.32 2.29 1.73 2.71
_ SS P_3 70 — h |g h er 16 1950-01-0114:00 4.6 3.36 4.68 3.31 4.45
¢ 17 1950-01-0115:00 5.31 4.59 6.14 4.26 5.51
. . . 18 1950-01-01 16:00 5.75 5.06 6.69 4.63 5.92
emissions scenario 19 1950-01-0117:00 8.18 7.67 9.75 6.65 8.15
20 1950-01-0118:00 8.56 8.07 10.22 6.95 8.49
21 11950-01-01 19:00 8.19 7.67 9.75 6.65 8.15
Higher Scenario Hartford  +
Ready T.% Accessibility: Unavailable i |- 3 e 190%

Simple formatting (CSV) compatible with wide range of tools
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Synthetic data captures peaks and natural variability
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Shifted temperature hourly timeseries (2050 climate)
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Also capture extremes (tails of the distribution)

1.0- Historical record (1950-2021)
1 Synthetic Projections (2050)
I Climate Models (2036 - 2065)
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Distribution of temperature in historical vs synthetic vs GCM
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Method allows capturing differences in GCMs

(a) Colder Model (b) Warmer Model

Atlanta, GA Model1 S5P126 2050 Atlanta, GA Modeld SSP126 2050
1 1 1
/7. Historical (1950 -2021) | : /77 Historical (1950 - 2021}
Projected {2050} 1 1 Projected {2050}
Abnorma lly Cold ! ' Abnorma lly Cold
Abnormal lly Hot : | Abnormal lly Hot

Shifted temperatures between a “colder” and “warmer” GCM
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1980 (a warm year) shifted to 2050 synthetic profiles*
25 hours > 100°F

9 hours > 100°F\ ; /34 hours > 100°F

100

%

Temperature °F

o 1980
1980 Shifted to 2050 (SSP126)
1980 Shifted to 2050 (SSP370)

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

*Based on one GCM (MRI). SSP126 is a lower climate scenario, SSP370 is the higher climate scenario.
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Summary

= Need hourly resolution, forward-looking datasets for a range of power system studies and applications

= Presented method to combine GCM projections (forward-looking) with historical data (hourly) to create

realistic synthetic future weather data

Benefits of Synthetic Profiles for Future Climates

Provides hourly projection data when critical for the application
Captures real-world variability from 72 years of historical data
Potential to create 1000s of realistic climate-adjusted profiles

Preserves the physical link between synchronous meteorological variables (temp / wind / solar / precipitation)
- Not all variables need to be adjusted

Can include historical years in future scenarios as a lower bound for risk assessments particularly concerned with extreme cold

Limitations

Point-specific
Primarily just for temperature
Can’t capture extremes far beyond historical record
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More info: contact Erik Smith <ESmith@epri.com>
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EPRI R&D Initiatives

Climate READi Load Forecasting Initiative

= Strength the power sector’s collective = Address critical needs in load forecasting
approach to managing climate risk to the across operations and planning
power system timescales

CLIMATE

READI @LoadForecasting

https://www.epri.com/READi https://msites.epri.com/LFl
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https://www.epri.com/readi
https://msites.epri.com/lfi

Resources from EPRI’'s Climate READ:I:

Climate Data Users Guide
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...and more available at hitps:

Climate Data Inventory

% Climate Data Inventory

The Chmate Data inventory is a catalogue of climate and weather datasets that are
ly availabile 1034

practitioners shoukd use the Climate Gata iventory in conunceon with
READI purces [f, including e Climate Data User's Quide, which

provides gudance on the selection and appiication of clmale data in vanous power  Satellis chservations are among the masy
o 8 G Y obasrvations, neansfyses, and prajections that
e cataloged mage sourre: HASA)

understand how 10 uslize chmata dats fousd i the Dass Imvestery and for more
detaded quidance o indvidual datasets. Through the Climate Data invenlory and our
collaborations with other CRmate READ! woekstreuns, EPRI is dewoping & kst of

chm: hat can be used to p e, We intend to

pubilish th

Please use the filters below to explone the inventory. Seh virw mose details
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Climate 101

Climate 101 Training Series

Value of chmate information 10 eleciric power sector planning and operations

CLIMATE

READI

Climate 101: Physical Climate Data (Modules 1-3) (3002026223)

Physical Cimate Dot 101 i 8 ressorce for bk clmate aracy acsea the sleciric power industry asd i a ool for bevel semiesg ory coscrpts and berminslogy smang imats sxperts
‘and cther Bebiect mamer experts. i prowides ScoSS 1 high uaNtY. thChrcally oy iraising that is designed 15 faci wctiee 1 betwess

electnc and cpeeat

introduction and Module 1 - Climate Data Overview  Module 2 - Climate Models, Emissions Scenarios,  Module 3 - Trends and Understanding of Extreme
and Projection Data Events

EADA Insighs: Phrysical Climate Duta 101 Course Overview (JG2026257)

Otars 3 bl aedl cnmcine soe modules in the Physical 101 Trairieg Series
READH lasigh Chemanah e AT
Discurses twa definsons ol axtieme ety Siat may arise b ate data, na ad powsr e

[ ST SANE s

READS tasighis: Trgpes of Clim

Intricuces the rige atiribues nd sppleatons of sterical data, near goctinns, 40 that power sysiem an cormectly and
contexiuslze the propel data for chmate-related planring nd cperations ﬂ

www.epri.com/READi
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https://www.epri.com/READi
https://apps.epri.com/climate-data-user-guide/en/
https://apps.epri.com/climate-data-inventory/en/
https://www.epri.com/readi-trainings
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Two relevant public reports:

Guidance on Weather
Datasets for Studies

® © @ - 3002024375_Ouidance on Weather Datasets for Studies_ Data Sources and Use Cases Tor Historical Datasets. pdf - Page 1 of 48 ece
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Guidance on Weather Datasets for Studies

Data Sources and Use Cases for Historical Datasets
3002024375

READi Insights:

Downscaling

Downscaling

READI Insights

INTRODUCTION

Global climate modals (GCMs, also known as general circu-
lation models) are used in a wide range of applications 1o
project fu i d

scenarias. As GEMs marily de-
signed te understand the global response of the earth system
to GHG changes from the onset of industrial age to future
centuries, they are typically run at coarse spatial scales
{generally around 100 km] and results are saved at a similarty
coarse temporal scale (generally daily) to feasibly generate

ers. Local or hourly cond may differ

avurages at these scates (Figure 1, soe also Figure 4), partic-
ularly In comgsex terrain [Figure 3). For mast weathar and
climate phenomena, impact assessments generally require
musch mare localized information than faw GCM outputs can
provide. Because of these lssues, climate scientists and prac-

titloners often need to transfcem coarse data into finer-scale
Jata through & et of method; i

pdf = Page 1o 7

February 2024

ACKNOWLEDGMENT

This READI Insight was co-developed with
Argonne National Laboratory. EPRI appreci-
ates Argonne's continued engagement in this
insight, ather collaborations, and &s &
member of the Climate READI Affinity group.

Argonne &

This Climate READH Iesight is peimarily focused on spatial
d covers the I
tistical, dynamical, and machine leaming—followed by a

high-leved discussion of temporal downscaling, a simple
form of statistical downscaling in time ondy. For further con-
test on downsealed data products and how it Fis into the
larger framework of chmate risk sssessment data, please
see EPRI's Climate READI Resource Page.

Skm  8km  36km  Sakm
Grid Cell Resolution
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Example of how daily-to-hourly interpolation fails
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Historical climate exiremes in a future climate

* The climate warming
signal is removed from

the historical data

- Puts emphasis on
natural variability

- An extreme heat
event in 1980 may be
more extreme than an
event in 2016 from a
natural variability
standpoint
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More synthetic years captures more exiremes
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