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The PIER Program has been supporting regional climate
change science since 2001

2003 PIER climate change plan (5-yr) implemented via
the CA Climate Change Center (~ 6 million/yr)

June 1, 2005 Executive Order (EO) mandates the
preparation of biennial science reports to the Governor
and the Legislature. PIER leads the preparation of
these reports (2006, 2009)

Late in 2008 the Governor signed another EO
mandating the preparation of adaptation plans. PIER
to provide the scientific foundation

PIER core research develops the tools and information
needed for both reports (e.g. climate scenarios)
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e Mendelsohn, 2003. The

Potential Impact of Climate
Change on Energy Expenditures in
CA.
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 Franco and Sanstad,
2006.

e Miller et al. 2006
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Figure 2. Percentage change in residential energy for a 3.0°C warming with 18% increase
in precipitation

Source: Mendelsohn, 2003 6


Presenter
In this appendix, we use a national cross-sectional analysis and detailed data from California to examine the sensitivity of energy expenditures to climate change in the state. The analysis begins with a logit regression that explains the probability that a building will be cooled. Long- and short-run cross-sectional approaches are then explored to estimate the sensitivity of energy expenditures and buildings to changes in climate. The national analysis suggests that energy expenditures for both residential and commercial property have a U-shaped relationship with respect to temperature. This empirical relationship is then used to analyze climate change in individual counties in California. The results suggest that warming will increase average energy expenditures in residential and commercial buildings and cause damages, but the effects across
the state are not uniform. Northern and mountainous counties are more likely to reduce energy expenditures (a benefit) and central valley and southern counties are more likely to increase energy expenditures (a damage). With mild climate scenarios, statewide annual projected damages are in the range of $1 billion to $9 billion but with more severe climate scenarios, damages can climb to between $8 billion and $18 billion by 2100.


BLIC INTEREST ENERGY RESEARCH
"Research Powers the Future"

-] | 1 1 1 | I'[5j

Climate Scenarios for California

p.er

Jul temperature 1961-1990 Jul temperature  2035-2064 Jul temperature  2070-2099
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e Auffhammer, 2009. Impact 202072039 2mthy= 209
of Climate Change on
Residential Electricity
Consumption: Evidence
From Billing Data

Bl

— Regional climate projections (12
Kmx 12 Km)

— Use of detailed household level
consumption data; Analysis and
results at ZIP code level

— Significantly higher estimated
impacts--Statewide electricity
demand would go up by about 7%
in the next few decades due to
climate change. By end of this
century demand would increase by
20 % in the B1 scenarioand b

ercent in the A2 scenario. Results
or the PCM model (low warming)

A2

Simulated increase in per-household electricity consumption
by zip code for the periods 2020-2039 (a)(c) and 2080-2099 (b)(d) in
percent over simulations using climate data for the 1980-1999 period. Model

NCAR PCM forced by IPCC SRES B1 (a)(b) and A2 (c)(d). s


Presenter
This study simulates the impacts of higher temperatures resulting from anthropogenic climate change on residential electricity consumption for California. Flexible temperature response functions are estimated by climate zone, which allows for differential effects of days in different temperature bins on households’ electricity consumption. The estimation uses a comprehensive household level dataset of billing data for California’s three investor-owned utilities (Pacific Gas and Electric, San Diego Gas and Electric, and Southern California Edison). The results suggest that the temperature response varies greatly across climate zones. Simulation results using a downscaled version of the National Center for Atmospheric Research global circulation model suggest that for constant population the total demand for the households that were considered may increase by up to 55 percent by the end of the century. The study further simulates the impacts of higher electricity prices and different scenarios of population growth. Finally, simulations were conducted consistent with higher adoption of cooling equipment in areas which are not saturated, as well as gains in efficiency from aggressive energy efficiency policies.
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 Hydropower generation
contributes about 15% of
in-state generation

e Lundetal.,, 2006. Use of
the CALVIN to simulate low-
elevations units

* Vicuna et al. 2006. A new
engineering-economic
model for a particular high-
elevation system (SMUD)

* The majority of the
generation comes from
high-elevation units that Source: SMUD 2001
have relatively low storage
capacity

Figure A2.0-1 Upper American River Project
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| Klamath ey

* Two methods to estimate the
potential impacts of climate change
on high-elevation units

* Lund et al, 2009 used statistical
relationship between streamflows
and generation to estimate impacts
(monthly data)

* Vicuna et al. 2009 improved his
model (e.g., limited foresight) and
simulated a second system in the
southern part of the Sierra owned by
Sothern California Edison.

* Capacity (MW) is available in the
summer months but at the end of
the new “summer season” capacity
is curtailed

* Increased spills in the winter months.
Risk of flooding should be analyzed
with models that simulate both high-
and low-elevation units

Change in annual energy generation
and revenues (%)
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Change in annual runoff (%)
®  SCE Energy vs Inflows B SCE Dollar vs Inflows
UARP Energy vs Inflows UARP Dollar vs Inflows
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Presenter
This research estimated the impacts of climate change on two high-elevation hydropower
systems in California: the Upper America River Project, operated by Sacramento Municipal
Utility District in Northern California, and the Big Creek system, operated by Southern
California Edison in Southern California. The study builds on previous work modeling the
Upper America River Project system. The model presented here shows improvements on that
model that represent a better simulation of historical operations and improve the methodology
to project future operations of both hydropower systems. The future operations of these two
high-elevation systems were simulated using new climate change scenarios provided for the
Second Biennial Science Report to the California Climate Action Team. These new hydrologic
conditions mean reduced runoff for both systems (with a greater reduction for the Big Creek
systems) and a change in the hydrograph towards earlier timing of runoff. The change in the
hydrograph is greater for the Upper America River Project system because of the lower
elevation of the basins where the system is located. Associated with the reduction in runoff
there is a reduction in energy generation in both systems. However, due to the greater change in
the hydrologic conditions for the Upper America River Project system, spills are greater in that
system, and hence the reduction in energy generation (and associated revenues) is greater as
well. In both systems the ability to meet peak historical power demands in the summer months
would remain basically unaltered. However, an increase in the occurrence of heat waves
especially later in the summer period (September) would increase peak power demand at times
when these systems might not be at peak power capacity unless operating strategies are
modified.
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Strategy
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The Synthesis and Assessment Product 4.5 (Effects of
Climate Change on Energy Production and Use in the
United States) informed the design of our strategy

Determine under what weather conditions the
energy system is vulnerable (e.g., forest fires in
Northern CA).

Use the results from the different studies prepared
for the 2009 biennial report to estimate the
increase/decrease probability of such events

Assume current energy infrastructure+
Work started a month ago (LBNL)



Fire Example

I. Climate Change Impact

Gather information from different
Institutions (#aiic)

Il. Types of climate events

Cwertlay climatic and infrastructure
GIS infromation

1L Identify infrastructure at risk

Experts interviews, literature
review, data analysis

IV. Determine type of damage

Experts interviews, literature
review, data analysis, energy
rmodeling

V. Summarize damages
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AOGCMs; Emission Scenarios
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(1) Matural Gas
Storage Tanks

() Matural Gas
Pipelines

(3) Thermal Power
Plants

4) Transmission
Lines

(5) Distribution Lines
and Substations

Possible Indirect
Effect (Outage)

v
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(A1) Water Damage

(A2; B2) Water
Darnage, Outage

(B3) Water Damage,
Outage
(C3) Loss in Efficiency
and Capacity

(C4) Trasmission Loss

{04} Downed lines,
Cutage

(E4) Downed lines,
Outage

(A5) Downed lines, Downed
Substations, Outage
(05} Downed lines, Outage
(E5) Downed lines, Outage

(A1) Depreciated
Replacement Costs,
Adaptation Costs

(A2; B2) Depreciated

Replacement Costs,

Adaptation Costs,
Outage Severity

(B3) Depreciated
Replacement Costs,
Adaptation Costs
(C3) Extra Installed
Capacity

(C4) Extra Installed
Capacity
(D4; E4) Depreciated
Replacement Costs,
Outage Severity

(~5,05, E5) Depreciated
Replacement Costs,
Outage Severity
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2085 Predicted Burned Areas (multiple of reference period)

California's Major Electric

oA e Transmission Lines Source: Westerling et al. (2009)
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Costal Power Plants
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30 Power Plants totaling over 10,000 MW
vulnerable to a 100-year coastal flood with a

17 s
1.4 meter sea level rise. \
In some cases whole piece of infrastructure ‘ \
is at risk, whereas in other cases, only N By
portions of structure are at risk (e.g., intake }\rf‘“ (
or other peripheral structures are exposed to -’-ﬁ:'}';g.
flood risk). A

Y )

Information gathering:

— What are the consequences (and costs) to
each specific power plant that might be

DEIMW N
impacted? | e P
— What is the expected useful life span of each o S
. P lant - i '
specific power plant? ooty Capecir / \ Bosurich Cogenorafion P
in megawatts [MW) =
. . 0-50 Sea S Calif
—  Are there adaptation measures being taken 1. 25 Dot
= 251-1000
(or proposed) to prevent (or reduce) damages O 1001 : : : o
Coastal County [} 5 100 200 Miss.

from projected flooding? At what costs?

4 Humboldt Bay

See San Francisco Bay map
14 plants, total capacity 1,930 Rﬂ'ﬂ'
!
\__I . 1

Rl e,
Southern Calfornia Gas | UCSE

Power plants vulnerable to a 100-year
coastal flood with a 1.4 meter sea-level rise

Datx sounces: USGS5/Senpes Instiutien of Oceancgraphy Caldem:a Energy Commission, CaSIL ESRI
Ihttpcifweaw pacingd orgireponssea_level rise
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Infrastructure in the Delta

e Effect of temperature on B ot S e B

generation from conventional gfi::fff‘”“gﬁ,”‘:’sh

HH- Raleoads Power transoiss son lines

power plants s
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* Flooding in the Sacramento- I o WP
San Joaquin Delta region and DS::‘;“;:“‘:1:‘““"‘“”“"“;“
its effect on underground St ;

natural gas storage tanks and

pipelines and electric

transmission lines B Sl e kvl NS

* Simultaneous high electricity
demand in multiple regions
in California

-Suuunlieusl-
Barker Slough - —r--
Pumpang Flane__i|

SETeRiT

South Bay
Pumping Plant

Source: IPCC 2007
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* Policy makers are more interested in what may
nappen in the next 20 to 30 years

* Development of tools and methods to adapt to
climate variability now can be a powerful tool to

adapt to future increase in climate variability
(INFORM project)

 The identification of barriers to adaptation
(regulatory, legal, socio-economic, etc.) and ways
to overcome these barriers is now a high priority
item for PIER
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 Treatment of extreme events: daily meteorological and
hydrologic data — paper by Mastrandrea, Tebaldi, et al.,
2009

* Approach to Integration: soft integration via an overall
vulnerability assessment that would start late this year

* Finance? NO

* Preparedness Plans: In theory yes via IEPR and
adaptation plan for California

* Treatment of vulnerable populations: limited but some
GIS analyses possible — Public health and EJ groups

* Governance issues: start with study on barriers to
adaptation
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