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Recent Temperature Changes

° 01 2005 trend.

Positive trends

Significant over wide
area

Recent trends-
significant across
Southwesb AL




Recent Precipitation. Trends

Changes generally
negative In
Southwest

Natural varlablllty IS
high

Significance Of
trends | |s l@w




MoreWinter Precipitation Falling as
Rain

Trends in winter precip and
snow fraction (1949-2004)

Reduced snowfall is response
to warming during winter wet
days (0-3°C)

Changes of 2nd half of 20th
century:

indicates decreasmg snO\gqj
fraction



Stream flow Isarriving earlier
for snow-dominated rivers

Trends correspond to a timing shift of 1 to 3 Weeks
and more over the past ~50 years AT

Timing shift dominated by o
changes in snowmelt-derived streamflow partially

attributed to warming NG

(1948-2002)
r.-"'. ':-::l._'u X 5 o — _l:..

@ = 20d eadier

@ 15-20d earlier

2 10-15d earlier

i 5-10d earlier
= 5d

2 5-10d later

@ 10-15d later 40

@ 15-20d later
® = 20d later




Annual

Prec Response (%) Temp Response (°C)

Num of Models > O

source: IPCC, 2007

L ooking toward the
future: end.of:21% century

21 modeled changes for
AlB em|SS|on$,._.

2080-2099 m'lnus 11980-1999

Warming: |s Iarge scale,
certain

Prec1p|tat|0n changes-more
raglor,\a1 less confident =




Estimating regional impacts

2. Global Climate

4. Land surface Model

(Hydrology) Model __ : 1. GHG
, e Emissions

Scenario

5.
Operations/impacts
Models

Adapted from Cayan and Knowles, SCRIPPS/USGS, 2003



“Bookend” Studiesto Cope With
Uncertainties

Brackets range of
uncertainty

Useful where impacts
models are complex

MuLn-MoDeL AVERAGES AND ASSESSED RANGES FOR SURFACE WARMING

A2
A1B
B1

= Year 2000 Constant
Concentrations
20th century

Global surface warming (°C)



Downscaling: bringing global signalsto

regional scale
GCM problems:

" |

o o
— Scale b : '*/
iIncompatibility g A

between GCM
and impacts

— Regional
Processes not
well represented

 Resolved by:
—Bias Correction.
—Spatial Downscaling




Biases in GCM Simulations

Observed Data Raw GCM output
aggregated to GCM resolution for same period as observations

| l-
} 1




BCSD Method —"“BC”

At each grid cell for “training” period,
develop monthly CDFs of P, T for

— GCM

— Observations (aggregated t0°-GCM scale)

— QObs are from Maur’er et al. [2002]

Use quantlle mappmg to ensure
monthly ‘statistics (at GCM scale)
match

Apply same quantile:-mapping to .
“prole(fted” period . il

o B bias-corrected forecast variable derived from station obs.

osttL

month M forcing
variable (P, T)

=
Qe
2
0
o
e
o
>

 distrib.
time (months) percentile

climate model forecast output from climate model climatology



BCSD Method — " SD”

e N A L -} o N & O

a-33

a-33

Use bias-corrected
monthly GCM output @

Aggregate obs.to GCM
scale®

Cal‘culate P. T factors

relative to coarse-scale
£ climatology
©-99r 0-0-0(

I;ﬂ...-.'|nterpolate fa
e - 1/8° grld;@r,




Generating Regional Hydrologic Il mpacts

Raw
Downscaling of GCM
GCM Precip and 1'm
Temp "
Use to drive
hydrology model

Macroscale Hydrologic Model

Obtain runoff,

;-.'._. I i:‘- -

streamflow, snow .« -

ol

Layer 0]




Bracketing Streamflow Impacts: North CA
HadCM3 shows: _

« Annual flow drops 20-24% 0 2070-99: ALf

m 2070-99: B1
 April-July flow drops 34-47%

Flow, cfs

 Shift in center of hydrograph
23-32 days earlier

e smaller changes with lower
emissions Bl

PCM shows: 38T

* Annual flow +9% to :29% s @ 1961-90

0 2070-99: Alfi

- Aprll JUIy flow dropié 2'-5% m 2070-99: B1

o Shift in centerpﬂaydrﬂgraph s
3-11 days eartne\r i o

Flow, cfs

i P

- difference between '. 3 v




GCM Smulations:

models and emissions

Muin-MopeL AvERAGES AND AssesseD RanGes For SurFace WaRMING

20t century through 2100 and beyond = s E I
>20 GCMs 2 iy 1 ||
Multiple Future Emissions Scenarios L

_ " WCRP CMIP3 Multi-Model Data _}-——*/ o : - %

@
- multiple realizations 1900 2000 2100

Plcntrl SRESAIE | SRESE!1 1%t02x 1%todx Slabentl 2xC02 AP

BCC-CM1, China
BCCR-BCMZ.0, Morway
CCEM3, USA
CGCM3.1(T47), Canada
CGCM3.1(TE3), Canada
CHNRM-CM3, France
CSIRO-ME3.0, Australia
CSIRO-MK3.5, Australia
ECHAMS/MPLOM, Germany
ECHO-G, Germany/Korea
FGOALS-g1.0, China
GFDL-CMZ.0, USA
GFDL-CMZ.1, USA
GISS-A0M, USA
GISS-EH, USA
GISS-ER, USA
INGW-5XG, ltaly
IMM-ChW3.0, Russia
IPSL-Chi4, France
MIROCS 2ihires), Japan
MIROCS. 2{medres), Japan
MRI-CGCM2.3.2, Japan
PCM, USA
UKMO-HadCh3, UK
UKMO-HadGEM1, UK




Comparing Impacts to Variability

generation (IPCC AR4)

2 Emissions scenarios for each
GCM:

-A2
-B1

O, emissions (Gt C)

. T —_—
2020 2040 2060 2080 2100

«Same bias | Sm
correction, e = A
dOWnscaIi,n'g-;' _ . R

hydrologic modeling®:§



Multi-M odel Ensemble Projections for
Feather River

Feather R at Oroville 2071-2100

Scenario SRES-A2 Scenario SRES-B1 elncrease Dec-Eeb Elows

+77% for-A2
+55% for Bl
sDecrease May-Jul
L 230% for A2
: . -21% for B1




Feather River at Oroville Dam

All increases in winter and
1961-90 Mean decreases in spring-early
summer flows.are high
confidence (395%)

Flow,m3s™!

Only May-August are differences
“Vinflow (A2 vs. B1) statistically
~-_different at >70%

,m3s~1

A2 Aflow

m3s~

B1_Aflow




Anticipating an Uncertain Future




| mpact Probabilities for Planning

1961 - 1990

2041 - 2070 2071 - 2100

Loss in Snow Water Equivalent
Relative to 1961-1990 Average

99 95 a0 a0 70 1) 50 40 30
%

Snow water equivalent on April 1, mm

—— 2041-2070
----- 2071-2100

< 0

Sen 5

5= _-Combine many futt e
- models, si '

2/3 chance that loss will
be at least 40% by mid

century, 70% by end of
century

%Loss Projected By GCMs

-40%




Facilitating Regional | mpacts

using multi-model ensemblesto captureuncertainty

PCMDI CMIP3 archive of global projections
New archive of 112 downscaled GCM runs
gdo4.uclinl.org/downscaled_cmip3_projections

Downscaled Climate Projections Archive

Data Retrieval: Custom

The form below permits retrieval of data subsets according to user selections for variables, models, emissions scenarios, time periods, geographical areas, series versus statistical output, and output
format. Submissions are constrained so that retrieval requests do not exceed approximately 2 gigabytes per request (form responds to user selections to indicate whether the specified request is within
this size constraint). Requests are queued at LLNL Green Data Oasis for processing. When reguest has been processed and made ready for download, user is notified via email submitted in the farm
below.

Submit Request

Variables & Projections Tempora

Variables

WA

~ L
(=1




Example Using Archive

IPCC SCENARIO A2

Elephant Butte Dam
— From 16 GCMs

— A2 changes

« AT = +8.2°F

. AP = -8.3% M- e

B o omms  + oommeo. om0 Precipitation
. v 0.090064 - 0.136266
—B1 changes AT
o' ir_'-,'_"j”' b IPCC SCENARIO A2
* AT = +4.5°F o«
- _h" Y

* AP =-1.3%

2 Stan,d-éifd"Dev

B
i

Annual Average Temperature Drainage Area Avg. Temp.

= . f:hllllge 1961-2099 Degrees Celsius Change 1961-2099
‘ ~/ . - : . in degrees Celsius
T oy " £ ; ©  3.047856-3.656161
. : ; P High : 6568091 v 3.656162 - 4.065098

4.065099 - 4.332648

T v 4332649 - 4.542885 Te m pe ratu re

¥ 4.542886 - 4.754909
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