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Topics

The inevitability of climate change

The implications depend…

Greenhouse gas mitigation

Climate change vulnerability

Concluding thoughts
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The inevitability of climate change – globally

IPCC WGI (2007) IPCC WGI (2014)
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The inevitability of climate change – globally

Greenhouse gas emissions & climate characteristics 
for different socioeconomic transformations

Rose (2015)
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The inevitability of climate change – U.S.

NCA 
(2014)

Change in average annual temperature in 2071-2099 relative to 1970-1999

Nebraska

3-4 ˚F to 9-10˚F
of warming
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The implications of climate change? 

The implications of climate change will depend on the level of 
climate change and vulnerability:

The level of climate change depends on mitigation

Vulnerability depends on resiliency and adaptation investment
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Greenhouse gas mitigation
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The Challenge – shifting global emissions trends to 
stabilize/reverse climate change

AR5 430-530 ppm CO2e pathways are consistent with staying below 
2˚C with 40% or better likelihood. 

2025-2030 10th – 90th percentile window is ~25-60 GtCO2e.

The window for staying 
below 2˚C with 40% or 

better likelihood

IPCC 
WGIII 
(2015)
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Current international climate policy – INDCs 

Country/Region Pledge Target year

USA Economy‐wide Kyoto GHGs 26‐28% below 2005 2025

EU Economy‐wide Kyoto GHGs 40% below 1990 2030

China Peak in total CO2 2030

Mexico Economy‐wide Kyoto GHGs & Black Carbon 25% below BAU 2030

Canada Economy‐wide Kyoto GHGs 30% below 2005 2030

Russia Economy‐wide Kyoto GHGs 25‐30% below 1990 2030

Gabon CO2+CH4+N2O 50% below BAU 2025

Norway Economy‐wide Kyoto GHGs 40% below 1990 2030

Switzerland Economy‐wide Kyoto GHGs 50% below 1990 2030

Some Country Intended Nationally Determined Contribution (INDC) pledges for COP-21

125 INDCs submitted as of Oct. 21, 2015
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Not on track for staying below 2 degrees Celsius without 
greater reductions beyond 2030

“Assuming the proposed cuts are 
extended through 2100 but not 
deepened further, they result in 

about 0.2°C less warming by the 
end of the century…”

Reilly et al. (2015)

With INDCs 
buy no 

additional 
reductions 

beyond
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And, aggressive climate targets likely expensive

Marginal global mitigation costs for 
more and less stringent global 

temperature limits 

(with global cooperation)

Blanford et al. (forthcoming). 

* Figure has benchmark assumptions. Shape robust to other assumptions.
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U.S. Intended National Determined Contribution (INDC)

US INDC (2015)

How will it be implemented?
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U.S. current approach – primarily sectoral & regulatory

Also non-regulatory policy (e.g., NEPA, land policy) & state 
policies (e.g., AB32, RGGI, RPS)
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Current U.S. mitigation approach – INDC greenhouse gas 
reduction pledge and sectoral specific policies

0

1

2

3

4

5

6

7

2010 2015 2020 2025 2030 2035 2040 2045 2050

Bi
lli
on

 to
ns
 C
O
2 
eq

.

Source: US-REGEN data; Energy Modeling Forum 24

ELECTRIC SECTOR CO2

Non-ELECTRIC SECTOR CO2

CH4, N20, and F-gases Net GHG (incl sinks)

Clean Power Plan target 

Economy 

80% target 

INDC national 28% target 

32% reduction



15
© 2015 Electric Power Research Institute, Inc. All rights reserved.

Current U.S. mitigation approach – INDC greenhouse gas 
reduction pledge and sectoral specific policies

0

1

2

3

4

5

6

7

2010 2015 2020 2025 2030 2035 2040 2045 2050

Bi
lli
on

 to
ns
 C
O
2 
eq

.

Source: US-REGEN data; Energy Modeling Forum 24

ELECTRIC SECTOR CO2

Non-ELECTRIC SECTOR CO2

Net GHG (incl sinks)
Clean Power Plan reductions

Economy 

80% target 

INDC national 28% target 
Additional reductions 
needed from other sectors 
(including terrestrial sinks)

CH4, N20, and F-gases



16
© 2015 Electric Power Research Institute, Inc. All rights reserved.

0

100

200

300

400

500

600

700

800

Al
ab
am

a
Al
as
ka

Ar
iz
on

a
Ar
ka
ns
as

Ca
lif
or
ni
a

Co
lo
ra
do

Co
nn

ec
tic
ut

De
la
w
ar
e

Di
st
ric
t o

f C
ol
um

bi
a

Fl
or
id
a

G
eo

rg
ia

Ha
w
ai
i

Id
ah
o

Ill
in
oi
s

In
di
an
a

Io
w
a

Ka
ns
as

Ke
nt
uc
ky

Lo
ui
si
an
a

M
ai
ne

M
ar
yl
an
d

M
as
sa
ch
us
et
ts

M
ic
hi
ga
n

M
in
ne

so
ta

M
iss

iss
ip
pi

M
iss

ou
ri

M
on

ta
na

N
eb

ra
sk
a

N
ev
ad
a

N
ew

 H
am

ps
hi
re

N
ew

 Je
rs
ey

N
ew

 M
ex
ic
o

N
ew

 Y
or
k

N
or
th
 C
ar
ol
in
a

N
or
th
 D
ak
ot
a

O
hi
o

O
kl
ah
om

a
O
re
go
n

Pe
nn

sy
lv
an
ia

Rh
od

e 
Is
la
nd

So
ut
h 
Ca
ro
lin
a

So
ut
h 
Da

ko
ta

Te
nn

es
se
e

Te
xa
s

U
ta
h

Ve
rm

on
t

Vi
rg
in
ia

W
as
hi
ng
to
n

W
es
t V

irg
in
ia

W
isc

on
sin

W
yo
m
in
g

M
tC
O
2
pe

r y
ea
r

1990 2013

U.S. state GHG emissions trends

State fossil fuel combustion CO2 emissions 1990 & 2013

Nebraska

Developed from EPA (2015)



17
© 2015 Electric Power Research Institute, Inc. All rights reserved.

Nebraska GHG emissions trends
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Mitigation options

Sectors
 Electric Power
 Transportation
 Industry
 Commercial
 Residential
 Agriculture and forestry
 Government

Strategies
 Fuel switching
 Renewable energy
 Energy efficiency (all sectors)
 Non-CO2 GHGs 

– landfills, coal mines, agriculture, oil & 
gas production/distribution

 Land carbon sequestration

Coal, 293

Gas, 179.6
Petroleum, 

233.4

Nuclear, 71.7

Renewable, 
136.3

Net 
electricity 
trade, ‐42.2

Nebraska 2013 Energy 
Consumption, Trillion Btu 
(Developed from EIA, 2015)
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Some regional mitigation resources – wind, biomass, and 
non-CO2
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An important issue: mitigation policy design

Options for U.S. INDC Implementation

1. Sectoral – primarily regulatory

2. National (economy-wide)

3. International cooperation (bi- to multi-lateral)

Not all equal



21
© 2015 Electric Power Research Institute, Inc. All rights reserved.

The regulatory approach precludes…

1. Realization of lower cost cross-sector
emissions reduction opportunities 

2. Realization of lower cost international
emissions reduction opportunities

3. Cost-effective long-run mitigation investment
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Cost comparisons of different U.S. climate policy architectures

Cumulative Emissions Reductions (GtCO2)
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Regulations found to be 
more costly than market-
based approaches due to 

their partial coverage

Weyant et al. (2014)
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Electrification potentially more cost-effective for reducing GHGs
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Opportunities for international cooperation?

Country/Region Pledge Target year

USA Economy‐wide Kyoto GHGs 26‐28% below 2005 2025

EU Economy‐wide Kyoto GHGs 40% below 1990 2030

China Peak in total CO2 2030

Mexico Economy‐wide Kyoto GHGs & Black Carbon 25% below BAU 2030

Canada Economy‐wide Kyoto GHGs 30% below 2005 2030

Russia Economy‐wide Kyoto GHGs 25‐30% below 1990 2030

Gabon CO2+CH4+N2O 50% below BAU 2025

Norway Economy‐wide Kyoto GHGs 40% below 1990 2030

Switzerland Economy‐wide Kyoto GHGs 50% below 1990 2030

Some Country Intended Nationally Determined Contribution (INDC) pledges for COP-21

125 INDCs submitted as of Oct. 21, 2015
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International Cooperation Potential

• Potential access to lower cost mitigation

• Potential revenue opportunities

• Increased flexibility to manage compliance 
uncertainties (e.g., market, technology)

Both beneficial 
to the U.S.
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Climate vulnerability
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Types of potential climate effects on energy

Demand

Resources – e.g., wind, water, land productivity

 Infrastructure

Operations (constraints, variability, costs, reliability)

Returns on investments
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U.S. climate change trends

Rates of Warming in the U.S. 1901-2011

Nebraska: 0.5 to 1.5˚F of 
warming per century. An 
issue? What if faster?

EPA (2012)
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U.S. climate change trends

Percentage Changes in Very Heavy Precipitation 1958-2007

Central: 15% more rain in 
very heavy rain events

USGCRP (2009)
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U.S. climate change trends

Annual Natural Disasters in the U.S. 1980-2010

Munich Reinsurance America (2011)



32
© 2015 Electric Power Research Institute, Inc. All rights reserved.

U.S. energy system trends

Weather Related Grid Disturbances 2000-2012

DOE (2013)

Potentially 
changing 

weather trends 
and increased 

electricity sector 
risk?



33
© 2015 Electric Power Research Institute, Inc. All rights reserved.

The inevitability of climate change – U.S.

NCA 
(2014)

Change in average temperature in 2071-2099 relative to 1970-1999

Nebraska

3-4 ˚F to 9-10˚F
of warming
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U.S. climate change projections

Projected Percent Changes in Seasonal Precipitation (2041-
2070 compared to 1971-2000) for A2 Emissions Scenario 

NOAA (2013)

Nebraska

Over next 50 years, 
increases in winter 

precipitation, 
decreases in summer 

precipitation.
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Projected changes in regional weather extremes

Projected 
changes by 
2041-2070

Nebraska

More “warm” nights and 
potentially consecutive 

dry days

NCA 
(2014)
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Energy implications? Tier of perspectives needed.

Tiers of potential risk (and analyses)
– Facility
– System 
– Sector
– Energy system
– Economy
– Other societal impacts

Direct sector risks (e.g., 
generation, distribution, load)

Direct risk implications & Indirect risks 
(e.g., energy markets, demand relocation)
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U.S. climate change projections

Projected Changes in Cooling and Heating Degree Days by 2080-2099

~130% increase

USGCRP(2009)

~30% decrease
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Climate risk through energy system interdependence

Weak interdependence

Medium interdependence

Strong interdependence

ORNL (2012)
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Categories of climate adaptation responses/investments

None (current design adequate)

Planning

Preventive

Restorative (response strategies)

R&D

Need to characterize risk and return on 
investments – but challenging
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Total Energy for Load

Intersection between mitigation and adaptation
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Illustrative example of a Central US generation 
portfolio for a clean energy standard

Mitigation climate vulnerabilities and opportunities?
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Concluding thoughts

Some degree of climate change is inevitable

We need to better characterize the risk to make informed 
response decisions
– Can't avoid all risk and probably do not want to

There are emissions mitigation opportunities, but policy 
design matters
– Aggressive climate action requires looking beyond sectors, borders, 

and 2030

There are adaptation possibilities, but which make sense?
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Thank you!

Steven Rose

srose@epri.com

Together…Shaping the Future of Electricity
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EPA’s FINAL Proposal Will Have Varying State Impacts 

Source: EPA Rate_Based 
IPM Results, EIA

% CO2 Reductions by State in 2030 (from 2005)

NY 59%

PA 42%
NJ 36%

OR 29%

WA 65%

AZ -1%

NV 68%

UT 5% CO 19%

NM 35%

ID -9%
WY 40%

MT 9%

CA 5%

ND 45%

SD 53%

NE -37%

KS 7%

MN 22%

IA 39%

MO 14%

TX 33%

OK 46% AR 12%

LA 54%

WI 38%
MI 48%

IL 54%
IN 33%

OH 30%

WV 15%

KY 46%

TN 38%

MS 16%
AL 50%

GA 42%

FL 22%

SC 24%

NC 57%

VA 54%
DE 71%

MD 60%

RI 26%

ME 34%
NH 46%

MA 65%

CT 46%

VT

≤ 0%
1% ‐ 25%
26% ‐ 50%
> 50%

Wide range in variation, but reduced 
from variation in Proposed Rule



44
© 2015 Electric Power Research Institute, Inc. All rights reserved.


