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» About 3TIER
» Climate change
> Recent trends

» Case studies from the Pacific Northwest
> Example 1 — Seattle City Light
> Example 2 — Second large scale utility

» Challenges
> Data availability
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Who is 3TIER

» A leading provider of renewable
energy assessment and forecasting
solution products

» Across all renewables: wind, solar,
hydro, in the future, others

» Headquartered in Seattle, USA with
offices throughout the world

» Founded in 1999, incorporated in
2001

» Over 50 percent of our staff has
advanced degrees in earth
sciences, engineering, and
information technologies
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Reglonal_packground of » Anywhere from 65 to 80
the Pacific Northwest oercent of the power

production is from
hydropower

» Columbia River is
dominant river system

» Sharp difference In
precipitation between
east and west of the
Cascade mountains

» Summer snowmelt for
reservoir replenishment
IS an important process

Gef STIER
© 2008 3TIER, Inc.




» The equilibrium
temperature in the absence
of greenhouse gases is
255K (or -18C)

» Our global average
temperature is 288K, this
T ATTm because of the greenhouse
effect

f' —=. » Increases in greenhouse
4 gases increase the
/ ) atmospheric radiative
z | process, thus increasing
the temperature
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Temperature (deviation from 1880-1920 mean)

—L

08

06+

04

02

o
T

i

o

p% ]
T

----- — Hadley
GISS

_0'4 1 1 ' L . [ | 1 I
1840 1860 188Qqo'RRRY 1920 1940 1960 1980 2000 2020

Year

Qef JTIER
© 2008 3TIER, Inc.




Elevation

» Annual precipitation changes
are not substantial and
relatively uncertain

» Biggest effects are from warmer
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average temperatures which

35% reduction in the translate to elevated freezing
transient rain-snow zone levels

» This changes the timing and
amplitude of runoff

Summer replenishment snowpack
— the second reservoir — is
missing

Shifting of flood season to the
traditional fill season

Not just hydropower, this impacts
everything from Salmon to

Agriculture
Qef 3TIER



This iIs ALREADY » The fact that this decrease in
occurring! snowpack has become

apparent in the past century
has driven concern by water
resource managers

» Many want to know the
impacts of climate change on
their operations and long
range planning

» The two studies here were
initiated because the two
utilities understand that
climate change is occurring
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Basic methodology

Downscaling
and physically Runoff
based modeling

Climate change

sSCenarios scenarios

s e S B i g

Described by Frederick and Gleick (1999)
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EXAMPLE 1
STUDY FOR MAJOR HYDROPOWER UTILITY

Study conducted in 2006

Approximately 700MW system with multiple reservoirs

Qe 3TIER
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> An Initial assessment of the vulnerabillities of
this watershed to climate change

> Other regional studies, mainly around water
supply rather than hydropower, raised
concerns within this utility

> Operational forecasting by 3TIER allowed the
use of a proven modeling system to be used
to assess the relative changes

, Qofr STIER
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Figure 1: The Distributed Hydrology So0il Vegetation Model
predicts ‘snow cowver throughout a water year for a given
precipitation and temperature seguence. The model indicates that
=nowW water eguivalent over the basin will drop sharply as a
result of projected climate changes in 2020 and 2040.
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Figure 4: The average annual inflow hydrograph to
13 expected to shift toward higher flows in midwinter under

future climate conditions. The shift poses problems if water
relied upon for future generation arrives during the season when
flood control reguirements limit the useable =2torage.
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Figure 5: This chart shows the projected change in exceedance
probability for monthly inflow in the refill months of April
threough July. The flow that is currently the median flow would be
exceeded only 18 percent of the time under 2020 conditions and
only 7 percent of the time under 2040 conditions.
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> There are significant changes that could be
expected to occur on this particular watershed

> Overall, the iIssues posed by climate change
for this watershed are about water storage,
not water shortage.

> Refill will have to begin earlier in the year,
during the period of time when operations are
currently oriented toward flood control.
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EXAMPLE 2
STUDY FOR MAJOR HYDROPOWER UTILITY

Study conducted in 2008

Approximately 500MW system with multiple reservoirs
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> To perform an economic analysis for long-
range generation planning.

> They also performed the analysis because it
was cost effective as 3TIER already had a
calibrated hydro model which had been
operating for years for daily and seasonal
forecasting on this particular watershed.
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* Process flow for downscaling and
climate scenario development
— Statistical approach is easy enough
to allow for examining multiple

GCMS and multiple forcing
scenarios

— Forcing scenarios are the main
source of uncertainty

* Method creates a quasi-steady
state time-series of flow data
that is readily compatible with
most traditional water resources
assessment methods in that it
emulates the historic time-series
but under an altered climate
regime.
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» Using Multiple GCMs
and forcing scenarios
allows for quantification
of some uncertainty

» Snow Water Equivalent
iIn a PNW Cascade
Mountain watershed

> Can use ensemble
average for consensus
opinion

> Can look at the spread
associated with the data
and assign uncertainty
boundaries

G 3TIER



»

»

»

»

Impacts of Climate Change

Snowpack

Average annual maximum
seen to decrease by as
much as 50% by 2040.

Timing of peak shifts earlier
in year.

Extreme event more
common.

Uncertainty in trends

© 2008 3TIER, Inc.

Trend in median April 1 average snow depth
(as swe) in the Cedar River basin

98% uncertainty boundary 0.12

s 90% uncertainty boundary 0.1 +
mmm 75% uncertainty boundary '

— Ensemble Average .-g 0.08 .,
. E4 3 o0oe

« H3
+ B30 = 0.04 *
+ PCM 0.02 |
+ CGCM2
CSM 0
+ CMK2 2000 2020 2040

Ensembie average shows a decline of =008 m (swe) per decade at the S0th percentile
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e Streamflow — North Cascades hydropower basin
e Slightly more flow, but earlier in the year

eUsed MMS5 for downscaling (done by UW). Found similar results as with
statistical approaches, but was much computationally intensive and limited

to single GCM simulation.

Average Annual Flow into Ross Reservoir
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MNDJF Avera

» Changes in seasonal flow volumes, South

Cascades, Washington

» Increased flows in NDJF, but with greater
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> While there are hydrologic changes predicted, they
are not significant enough, or their system is robust
enough in terms of terms of available storage, that

the change did not effect their planned operations.
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LENGES




Progression

Fundamental Science Education
|dentification
/ Policy \
Quantification
Awareness Acceptance Action

—

A secondary challenge
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Are climate change data accessible? Yes and No
Yes — large archives of climate scenario outputs exist:
e.g.,
»at LLNL: http://gdo-dcp.uclinl.org/

downscaled _cmip3_projections/

dcplnterface.html

DOE PCMDI: http://www-pcmdi.llnl.qgov/

-7 WCRP CMIP3 Multi-Model Data
mmu Alroul LML Logh

Gaarrh | Brnwss | by Dats Cart

IPCC ath Assessment Report
Ralated Links
Iﬂ'd-ucun'-nrrh:h:-ﬂ: IFCE dn Acopsomani Benoe
l.' mate odeling metsdats
Referenced Cotalogs
E;? MadeE: bocr_Bemd, 0, Expacimsind: 9% vear CO indreass sxpanment (G0 doubding) [ Ipcttods)
E? Michadl: bicr_bemd 0O, Expibrnmeind: 550 pom slabiloathon sxpacimmnt [anaeh )

E? Model; poor_pomd_o, Expariment; FI0 pom sabiizet=on expeciment (eresalb)
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http://gdo-dcp.ucllnl.org/

Are climate change data accessible? Yes and No

No — data formats may be difficult for industry
NETCDF example: %% 5 W™ w”% o™ o W™l '

17220 17921 Gooag Goooan oQooG o000 oonog poang
[magie numbar | [ 0 recardn | | 0O dimenaiann | AREEST)

[alabiE] LALIRIT oo noog aaan IEIL] Fooo noog
LY DY R Y RN T Y TR Y- T Y TR Y B T s LY L W TN ¥ < I N B ¥
il LaFifi] Qoann R e] i Jid=Lafi] Ea0ao o fifil e (i Je]ele] elilalali]
] O global atks {ABSENT) I 1 0 variables | RBSENT) |

and GRIB, large binary files for continental-scale domains.

This situation is improving — new sites like

}j;;nl"iargy{ng C" ClimateWizard

e -|l~l'|..i'-*T|-1l-||

help with data subsetting and conversion.
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Are climate change data accessible? Yes and No

No! — Most Terms of Use PROHIBIT COMMERCIAL USE
Current IPCC restrictions are one example:

These data are for use in research projects only. A 'research project” is any project carried out by an individual
5 i . | w { i : q i sanizati i bl id i

o Hi t
10 P PO :.:.-.'l'. Results Bagod on thosan data sugt ba nobhniecepd for pobklication Ln the opan litaraturs wlthous

sny delay linked to commercial cbisctives

An additional restriction is that the UE Mat. Offica / Hadley Centre requires Btrict adherence to the conditiocne met
fozth in their "License Statement”; which appliea to theicr model cutpuk:

"These data are licensed for dee in Ressarch Projects only. A "Reasarch Froject' 1a any projact organised by a
univeraity, a scientifiec inatitute, or similar organisation (private or public), for mon-commarcial rasearch
purposss only. A necespary condition of the recognition of non-comsearcial purposes is that all the results obtained
are openly available at delivery costs only, withoot any delay linked to commareial objectives, and that thae
research itself is submitted for open publicaticn.

Data provided by the UK Het. O0ffice / Hadley Centre aréd expacted to be acknowledged by:

(e} Crown copyright 2005, Data provided by the Mat Gffice Hadley Cantre”

Current usage policies do not allow consulting firms to
provide decision support to many industries — hydropower,
agriculture, viticulture, recreation (e.g., ski resorts),
commercial fisheries, and more.
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Key Recommendation
»|PCC Assessment Report 5 (due in 2014) work is now getting underway

»A multi-industry, multi-agency coalition must push for a loosening of the
usage restrictions on climate change data in parallel to the AR5 work

»0Open access for commerce will allow the hydropower industry and other
sectors to begin to factor climate change analysis into planning and
decisionmaking

» ...without having to depend on an agency or a grad student, or have the
results immediately published

Gef 3TIER
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1. “[the] warming of the climate system is unequivocal, as is now evident from
observations of increases in global average air and ocean temperatures,
widespread melting of snow and ice, and rising global average sea level.” IPCC

2. Climate models show skill and consistency in many areas in predicting climate.
While uncertainty does exist, models increasingly are exhibiting skill and
observations are agreeing with model predictions

3. Translation of future climate scenarios through distributed models, which have
shown significant skill in operational forecasting, are relevant for assessing
changes in runoff volumes and timing

4. The implications of these changes are basin specific, and in snowmelt dominated
watersheds, depending on the physical characteristics, the impacts can be
substantial. The issue is not one of shortage but of storage and the required
changes to operations.

5. These changes are occurring now and will likely accelerate into the 215t century
and this knowledge should be incorporated into relicensing decisions as it may
have a significant impact on operations.
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