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Project Objectives

Three main objectives:

1) Development and application of statistical downscaling
methods in order to generate (multi-site & multivariate) climate
Information

I1) Development and evaluation of future high-resolution RCMs.
Applying statistical downscaling (SD) methods from GCM to
RCM resolutions and intercompare RCMs & SDs

lIl) Generate high resolution probabilistic climate change
scenarios including extremes and variability with assessments
of their associated uncertainties (from various downscaling
approaches)
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Metric of the Downscaling Scheme & simulations

Uncertainties related to GCM/RCM boundary forcings, Downscaling Methods (2
families) & Emission Scenarios (2 SRES)

Calibration & Validation over the Validation & Evaluation over the
Baseline Period (1961-2000) Baseline & Future Periods (A2 & A1B)
Observed Reanalyses GCMs
data NCEP, ERA40 (CGCM2/3, HadCM3/GEM, GFDL & ECHAM5)
RCMs | ________ - RCMs
— ~ 45 km ~ 45 km
* Weather -
ger}gr:_itor V
“Amifclel Neurall ] sDs | __________ S SDs
. Gaussian- 1 Multi site ; Multi site
Kernel method " a 0
» Multiple-Linear
Regression —

GCM = Global Climate Model; SD = Statistical Downscaling; RCM = Dynamical Downscaling
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Research objectives from RCMs
runs from NARCCAP (and others)

1. Inter-compare different RCMs (NCEP driven) to further reconstruct
observed extremes (precipitation, temperature) for the
Quebec/Ontario/BC region,

— Evaluate errors or added values due to RCM (NCEP vs GCMs
driven conditions): low & high frequency variability;
— Test and choice the appropriate methodology of interpolation to

validate the RCM outputs with gridded observed data (e.g., Cubic
Spline method or other methods);

2. Fregquency analysis (occurrence & intensity) of the extremes as
simulated by the RCMs;

3. Develop and validate preditors from selected RCM runs to be used
In Statistical Downscaling models;

4. Inter-compare different RCMs vs Statistical Downscaling models and
construct probabillistic scenarios (uncertainties with confidence
interval information).
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Model Domain & Driving atmospheric & GHG+A . . .
R Version Resolution!* oceanic data evolution VI ey ( 1 3 S e r I e S )
abf NCEP & AMIP02 1960-dec - 1990-dec
abg . dian AMNO 45 ki ERA40 & AMIPO2 1960-dec - 1990-dec R ‘ I\/I S r u n S
abi M.3.7.1 &29L CGCM2 3rd member (6h) Observed 1960-dec - 1990-dec
abj CGCM2 3rd member (6h) SRES A2 2040-dec - 2070-dec aV al I ab I e f r O m
acu QC 45 km CGCM3 4th member (6h) | ©°°% SRES 1960-dec - 2100-nov
acy B ian &29L ERA40 & AMIP02 1960-dec - 2002-jul O u r an O S
RCM.4.1.1 .
acw AMING 45 kin ERA40 (6h) & AMIPO3 . 1960-dec - 2002-jul )
ade &29L NCEP & AMIPO5 (6h) 1960-dec - 2005-may C R C M D &
adj Canadian AMNO 45 km CGCM3 4th member (6h) e 1960-dec - 1990-dec
adk 42,0 &29L CGCMS3 4th member (6h) 2040-dec - 2070-dec N n R C C n P
ERAA40 (6-hrs) - 1961-ian - 2001-dec
abx ARPEGE WINI 160x32
44 OGG&3IL  ["or o e & Phase I Phase II
acb [ARPEGE.3 coupled OPA
A2l NCEP GFDL | CGCM3 | HADCM3 | CCSM
. Drivil
Model Domain & atmospt | CRCM | finished -- finished -- planned
Run . Resolution &
MRl No of grid Points e
date | ECPC |finished running -- planned --
North America & HRM3 | finished planned -- finished --
ERA 0.5deq & ERA-4
g : 0.5de . . . .
GEMCL| | 150lonx 138lat pts MMS5I | finished planned | finished
M . .
CRCM5 _ RCM3 | finished finished | planned -~ --
North America &
o 025deg& | "oy finished lanned finished
' WRFP | finishe -- anne -- inishe
€0 300lon x 276latpts | 020U P
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http://people.sca.uqam.ca/~winger/GEM/Version_3.3.0/Recent_runs_grids.html
http://people.sca.uqam.ca/~winger/GEM/Version_3.3.0/Recent_runs_grids.html

(1) Assessment of RCMs simulations (daily surface

Precipitation indices

variables) based on extreme indices
(vs gridded observed & reanalysis information) .

Frequency Prcpl Wet days (precipitation>1 mm), [%] Season N/a
Intensity SDII Precipitation intensity (rain/rainday), [mm/day] Season SDII
CDD Max no of consecutive dry days (precipitation<1 mm), [day] Season CDD
R3d Greatest 3 days total rainfall [mm] Season R5d
Duration and h : :
Prec90pc 90*" percentile of rainday amounts [mm/day] Season R95t and
Extremes N’ of days
R90p %days with precipitation > 90" percentile calculated for wet days Season with prec.
on the basis of 61-90 period, [%] >95th perc.
Temperature indices
Days with freeze and thaw cycle Month
) o Fr/Th (Tmax > 0°C and Tmin < 0°C), [day] N/a
Daily variability : —
Fd Total number of frost days (days with absolute minimum Month Fd
temperature < 0 deg C), [day]
TminlOpb 10t percentile of daily minimum temperature, ['C] Season N/a
Cold Tmax10pb 10t percentile of daily maximum temperature, ['C] Season N/a
Extremes TNLO % days Tmin<10™ percentile calculated for each calendar day (61- Season N/a
P 90 based period) using running 5 day window, [%]
Tmin90pb 90t™ percentile of daily minimum temperature, ['C] Season N/a
Warm Tmax90pb 90™ percentile of daily maximum temperature, ['C] Season N/a
Extremes 0 th i
TX90p Y% days Tmax>90t™" percentile calculated for each calendar day Season N/a

(61-90 based period) using 5 days window, [%]




(1) Extreme Analysis
Example: Number of Days with Daily PCP 2 1 mm (Prcp1) | In%

Winter: Dec to Feb Seasonal Mean over 1961-1990
A. CRCM nested with CGCM2 #3 B. CRCM nested with CGCM3 T47 #4 C. ARPEGE nested with ERA40

Summer: Jun to Aug

A. CRCM nested with CGCM2 #3  B. CRCM nested with CGCM3 T47 #4

I*I Environment Environnement
Canada Canada



(1) Extreme Analysis

Example: Intensity Index (SDII): Mean intensity per wet day
Winter: Dec to Feb Seasonal Mean over 1961-1990

A. CRCM nested with CGCM2 #3 B. CRCM nested with CGCM3 T47 #4 C. ARPEGE nested with ERA40

In mm/day

Summer: Jun to Aug

A. CRCM nested with CGCM2 #3

SAL]
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(1) Extreme Analysis

Example: 10th Percentile of Daily Tmin In °C

Winter: Dec to Feb Seasonal Mean over 1961-1990
A. CRCM nested with CGCM2 #3

B. CRCM nested with CGCM3 T47 #4 C. ARPEGE nested with ERA40

Summer: Jun to Aug

A. CRCM nested with CGCM2 #3  B. CRCM nested with CGCM3 T47 #4 C. ARPEGE nested with ERA40
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(1) Extreme Analysis

Example: 90th Percentile of Daily Tmax In °C

Winter: Dec to Feb Seasonal Mean over 1961-1990
A. CRCM nested with CGCM2 #3 B. CRCM nested with CGCM3 T47 #4 C. ARPEGE nested with ERA40

B

Summer: Jun to Aug
A. CRCM nested with CGCM2 #3 B. CRCM nested with CGCM3 T47 #4 C. ARPEGE nested with ERA40

I*I Environment Environnement
Canada Canada



(1) Select the appropriate method of interpolation to
validate the RCM outputs with gridded data

e.g., Cubic Spline method or others & compare with other products: ex.10-km
grldded dataset from Hutchinson et al. (2009) & regional reanalysis (NARR)

Grldded dataset from
utchinson et al. (2009)

nusplin, 10-km daily values = mee
f Tmin, Tmax & Prec. "
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(3) ATMOSPHERIC INPUT
VARIABLES: Predictors
development for SDs

PREDICTOR VARIABLES

Mean sea level pressure

1000hPa Wind Speed

1000hPa U-component

1000hPa V-component

Main Variables used
from GCMs (Sfc & Atm. Levels):

* Temperatures

* Pressure or Geopotential Height
» Specific/Relative Humidity

* Wind components (U & V)

Environnement
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1000hPa Vorticity

1000hPa Wind Direction

1000hPa Divergence

500hPa Wind Speed

500hPa U-component

500hPa V-component

500hPa Vorticity

500hPa Geopotential

500hPa Wind Direction

500hPa Divergence

850hPa Wind Speed

850hPa U-component

850hPa VV-component

850hPa Vorticity

850hPa Geopotential

850hPa Wind Direction

850hPa Divergence

500hPa Specific Humidity

850hPa Specific Humidity

1000hPa Specific Humidity

Temperature at 2m




Standard
Pressure Levels:

(3) ATMOSPHERIC INPUT  |air Temperature | 1000, 525, 850,
0D, &00 and 500
VARIABLES: Predictors N — hee
devel t for SD
Specific Humidity kgdkg
Easteard Wind mJts
Main Variables used
Mo rtwanrd Wind mJs
f r.o m RCMS (SfC & ATm. Wertical Welocity mis
. Wind Speed mJs
LCV@IS)- Wind Direction deg Marth
Divergence ="
Variable Name (Predictor) Unit Level(s) Frequency Relative Vorticity -
Ground Cover [0or1] | &bnearsurface
Orography Height m
Mean Sea Level Pressure Pa — -
Absolute Voricity =
Ground Temperature C Minimum of Temperature
i g Adwection KJis
 |Accumulated Precipitationd mm Max<imum of Temperature
Minimum Screen - Advection Kis
T t fMinimum of Humidity N
emperature At et kg s*kg)
Maximum Screen . - —
c Maximum of Humidity .
Temperature Advection kg s*kg)
Sensible Heat Flux Wim* Minimum of Abs. Vorticity 1/5=
W s He Heal Addvection
inimum of =ensibie Heajy -2 Maximum of Abs. Vorblicity 1
Flux Addvection =
Maximum Sensible Head Wim? Betwesn:
Flux m 8251000 hPa
= — . . _—_ S50-925 hPa
. ., = tential Thick “is=
I*I Ernvironment  Environnement sopotEnt IeHnEsS s FO0-8350 hPa
Canada Canada 600-700 hPa

500-500 hPa




(3) ATMOSPHERIC INPUT VARIABLES issues from
NARCCAP runs (Available information ?)

Table 5: Atmospheric fields (3-D, 3-hourly)
| Vvar. Long Name Units Notes
cli Cloud Ice Fraction of Layer 1 instantaneous
clw Cloud Liquid Water Fraction of Layer 1 instantaneous
hus Specific Humidity kg kg-1 instantaneous
ta Temperature K instantaneous
ua Zonal Wind Component m s-1 instantaneous
va Meridional Wind Component m s-1 instantaneous
wa Vertical Wind Component ms-1 instantaneous

3-D fields have not been yet provided every 25 hPa from 1050
hPa to 25 hPa, i.e. hence predictors from NARCCAP runs

Environment
Canada
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cannot be developed

Table 1| Table 2 | Table 3 | Table 4 | Table 5
CRCM | done done qc qc post
ECPC | done done post post post
HRM3 | done done qc post post
MM5I post done post post post
RCM3 post done done post post
WRFP post done post post post

Canadi



(3) ATMOSPHERIC INPUT VARIABLES: Predictors

development for SDs
Example of RCM predictor: Daily Maximum of Horizontal Advection of Humidity

from CRCM vs NARR

Monthly Mean comparison for JJulv over 1979-2001 8
? y 7 10°° ko/(kqg -S)r
@ 500 hPa between RCM and NARR X )

A. CRCM4.1.1 nested with ERA40  B. CRCM4.1.1 nested with NCEP C. NARR interpolated on PS grid of CRCM
IE s s IE] — o I'= N
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(4) Evaluate the RCM outputs & inter-
compare over small areas with SDs

WINTER Spring
T . 0.06 T
0.06F 8 005 s b g
Ty I \"\‘)
‘9 004 ............ O T TTTTTTTE PP
004t o H¥ C . %
> N 0.03f
/ ",'\\
002 | 4 \ | 002 N Y L P |
™
M 001}
%5 2|0 1|5 1|0 é 6 é 1|0 15 0 1 b 2|0 30
degrees Celcius degrees Celcius N C E P d riven
Summer ——0BS Auturmn
01 ‘ abf- CRCM3.7.1(NCEP-N4) | 0.05 ‘
acy-CRCM4.1.1(ERA-QC)
0.08} ——-acw-CRCM4.1.1(ERANA) | 0.04
“““““ ade-CRCM4.1.1{NCEP-NA)
006! —— ASD-NCEP {(HadCM grid) | 0.03}
—— ASD-NCEP (CGCM grid)
0.04} : 1 0.02}
0.02} . 0.01} _SPRING

%o 15 20 25 30 35 40 %
degrees Celcius

reliminary Analysis with
CRCM versions & with

RPEGE ’ e
Results over Southern —CRemarcecan
Ve . . . * CRCM4.1-CGCM3(QC)
Québec (krigging daily heeeee
data using co-variables | | Loaspcoowe
frOm ERA4O 1 0.02} 002}
I * I Environment  Envi rur?namantG CMdriven | »
Canada Canada 9 30 4820 0 o 10 20

°Celecius



(4) CONSTRUCT PDF of future climate change from an
ensemble of statistical & dynamical downscaling models

Ensemble of runs from CRCM & ASD - PDF of Tmax
Example in Chaudiére River basin, 2041-2070 vs 1961-1990

PDF: DailyTMAX 1961-1290 vs 2041-2070 at Chaudiere

——0OBS 1961-1990
—— abi 1961-1990 (3.7.1, NA}-CGCM2 | WINTER
~ - abj 2041-2070 (3.7.1, NA)-CGCM2 !
—acu 1961-1990 411, QC}CGCM3| - | ] 0.08
——-acu 2041-2070 (4.1.1, QC}-CGCM3| g g '
—— ASD-HadCM3 1961-1990 : : : 0.061
——-ASD-CGCM3 1961-1990
—— ASD-HadCM3 2041-2070
-~ ASD-CGCM3 2041-2070

0.1

0.04

0025 i i 002t
-40 30 02
degrees Celcius degrees Celcius
Summer Auturmn

0.1 1 ; ; , 0.08
0.08 0.06
0.06}
0.04}
0.04

0.02 0.02

% 0 o 10 20 30 40
) degrees Celcius
(CRCM available runs from uranos)

degrees Celcius




Next Steps for Statistical Downscaling
Research, RCMs evaluation & climate scenarios

 Improve the interannual variability of the multi-site MLR, i.e. link
to atmospheric variables (downscaling) in modifying the
parameters in the stochastic part & using Regional-scale
predictors;

« Develop multivariate statistical downscaling approaches (done
for multisite & multivariate Tmin and Tmax);

« Develop/ldentify Links between predictand and other regional-
scale predictors from RCMs runs in extreme occurrences (from
new predictors & test the stability of the statistical relationships);

 Develop ensembles runs with various GCMs/RCMs SDs driven
conditions & with RCMs (from Ouranos, CRCMD & NARCCAP
runs, i.e. 13 independent RCM runs) and probabilistic scenarios.

DRAFT — Page 19 — September-14-09
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Web sites links:

Climate Analysis Group (Projects & Publications) :
http://quebec.ccsn.ca/GAC/

Data Access Integration : http://guebec.ccsn.cal/local/data/DAl-e.html

Canadian Climate Change Scenarios Network (CCCSN) :
http://www.cccsn.ca

DRAFT — Page 20 — September-14-09
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http://quebec.ccsn.ca/GAC/
http://quebec.ccsn.ca/local/data/DAI-e.html
http://quebec.ccsn.ca/local/data/DAI-e.html
http://quebec.ccsn.ca/local/data/DAI-e.html
http://www.cccsn.ca/

Thank you for your
attention/!
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