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OBJECTIVE OF THE STUDY

Main Objective : Generate statistical downscaling results to develop
future drought Indices (ex. PDSI or SPI):

* 21 stations across southern Canada have been selected: a minimum
of 1-2 stations in each major transboundary watershed across
Canada-US (e.g. Okanagan, Great Lakes/St. Lawrence, Saint
John/Saint Croix in Atlantic Canada etc.), with sufficient number of
years (at least 30 years of daily data);

* 2 GCMs and 2 SRES scenarios: CGCM3 (SRES A2) and HadCM3
(SRES A2 and B2) predictors data series for 1961-2100;

* SPI, PDSI & CDD outputs will be uploaded for hazards.ca web site.
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METHODS Statistical Downscaling

It is based on the assumption that regional climate is conditioned by the local
physiographic characteristics as well as the large scale atmospheric state

* Predictand = f (predictors) Transfer Functions

The predictand is a regional or .
local climate variable Grid Box

: : Extract
Thepredctoris asetorlarge:  siect Ry predicor varibies [T
pr‘ediCTor‘ e.qg., MSLP, 500, 700 hPa geopotential heights, variables
variables zonal/meridional components of flow, areal T&P from GCM
The function f could be linear _ output
and non -linear regression,
Calibrate Transfer function _
and verify e.g., Multiple linear regression, principal Drive
model components analysis, canonical correlation model

analysis, artificial neural networks

Observed station data for Site variables for
predictand future, e.g., 2050

e Predictors are variables of relevance to the local climate variable
being derived (i.e. predictand) and are realistically modelled by

the GCM
e The transfer function is valid under altered climatic conditions

°* The predicthrs fully represent the climate change signal
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METHODS

PREDICTORS SELECTION AND EXPLAINED VARIANCE
Ex. RESULTS PRESENTED OVER CALGARY

* 10 predictors

* Best predictors: 500 hPa specific humidity
850 hPa specific humidity
500 hPa Geopotential height
500 hPa wind direction
500 hPa wind speed
500 hPa vorticity
500 hPa divergence

.R?2=0.28 (daily scale)
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METHODS

DIAGNOSTIC CRITERIA USED TO EVALUATE THE PRECIPITATION
REGIME

Climate indices to analyze the simulated precipitat  ion regime (FOCUS IN SUMMER)

Index Acronvm | unitv

Mean monthly precipitation MeanPR | mm/dav
Percentage of wet davs PRCP1 | %

Intensitv (Precipitation amount per wet davs) | SDII mm/ wet days
Maximum 3-davs of precipitation total R3dayvs | davs

90t percentile of rain days P90p mm/wet davs

See Methodology described in Gachon et al. (2005) & STARDEX

* Graphics: QQ-plots & Box plots.

e Statistical criteria: RMSE, MAE & RRMSE
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METHODS

DROUGHT INDICES

. Palmer Drought Severity Index (PDSI, Palmer 1965) : complex
methods that incorporate a water balance approach using
precipitation, potential evapotranspiration, antecedent soil moisture,
and run-off (Not shown here, results under development).

e Standardized Precipitation Index (SPI, see McKee et al., 1993) : a
standardized departure with respect to a precipitation probability
distribution function (Pearson Type Ill) computed over 4 durations
(e.g., 3 months, i.e. SUMMER season, 1 year, 2 year, 5 year):

— In our case, the SPI index is developed using the downscaled
precipitation from NCEP and CGCM3 (A2) and HadCM3 (A2&B2)
future scenarios with respect to the 1961-1990 baseline period,;

— All SPIs are computed over the period 1960-2003 (for observation &
downscaled with NCEP predictors) and for 3 future periods: 2011-
2040, 2041-2070, and 2071-2100 with 4 timescales: 3 months, lyear,

2 years and 5 years.
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CURRENT PERIOD WITH NCEP PREDICTORS

Interannual variability of the monthly mean precipitation (in mm/day) over the 1961-
2000 period from observed, and downscaled values for Saskatoon
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CURRENT PERIOD WITH NCEP PREDICTORS

Comparison of the interannual (from 1961 to 2000) SPI index developed at seasonal
(summer), 1 year, 2 years, and 5 years time scale between observed and simulated

values using downscaled precipitation from NCEP predictors for Saskatoon
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CURRENT PERIOD WITH NCEP PREDICTORS

Comparison of the interannual (from 1961 to 2000) CDD and PDSI indices in
summer between observed and simulated values using downscaled precipitation
and mean temperature from NCEP predictors for Saskatoon
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CURRENT PERIOD WITH NCEP & GCM PREDICTORS
Seasonal (summer) comparison between observed and downscaled values of

precipitation using CGCM3 & HadCM3 and NCEP predictors over the current period
(1961-1990) for a) daily mean precipitation (mm/day), b) wet days (%), and ¢) maximum
number of consecutive dry days (in day) for Saskatoon
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CURRENT & FUTURE PERIODS WITH GCM PREDICTORS

Seasonal (summer) Box plots of mean precipitation over 2020s, 2050s, and 2080s, from
downscaled values using CGCM3 (SRES A2), and HadCM3 (SRES A2 and B2) with
respect to the downscaled and observed (OBS) ones (1961-1990; Box plot n 1)

Saskatoon summer mean precipitation 1961-2100

1:1961-1990 2:2011-2040 3:2041-2070 4:2071-2100
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FUTURE PERIOD WITH GCM PREDICTORS

Comparison of the inter-annual anomalies from 1961 to 2000 and 2010 to 2100 for
Saskatoon summer CDD and PDSI, and summer, 1 year, 2 years, and 5 years time

scales of SPI from CGCM3 and HadCM3 predictors (SRES A2 scenario)
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Increase ( ) or decrease ( ) of positive/negative (+/-) SPI and PDSI indices ( wet/dry in
blue/red, and of dry spells (maximum number of cons ecutive dry days, i.e. CDD) during
summer over the period 2010-2100 with respectto th e current period (1961-1990), using
downscaling values from CGCM3 (A2) and HadCM3 (A2 a nd B2) predictors

CGCM3 (A2) HadCM3 (A2) HadCM3 (B2)
SPI PDSI | CDD SPI PDSI| CDD SPI PDS|  CDD
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SPI index for 1 year, 2 years, and 5 years timescales from downscaled
results using CGCM3 (A2) and HadCMa3 predictors (A2 and B2) during
the period 2010-2100 with respect to the current period (1961-1990)

Stations SPI - CGCM3 (A2) SPI - HadCM3 (A2) SPI - HadCM3 (B2)
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» Over the major part of western Canada (Okanagan and  Saskatchewan river
basins) climate signals are mainly consistent and ¢ onverge to more frequent
and severe droughts from all indices and models.

* From all SPI results, drier conditions are projecte  d in the prairies (both very
dry and extreme dry) with respect to current climat e from all timescales, i.e.
from seasonal to 5 years suggesting a persistence o f droughts over more than
a single season or year.

» The future droughts based on SPI is projected to be worst than over the
current period (i.e. 1961-2000) in the prairies, wi  thin the extremely dry
categories as experienced during 2001 and 2002 both at seasonal, 1 year, 2
years, and 5 years timescales whatever the AOGCM or  the SRES scenarios.

» This suggests that the downscaled results are less conservative than using
the GCM raw values applied to observed values (i.e. delta method, see Bonsal
and Regier, 2006) which do not incorporate any chan  ges in variability (i.e.
inherited from observed data).
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Regional Climate Models driven by reanalysis

Acronym Driver Time window SRES
Run scenarios
acw ERA40 féhA)MN|P03 1960-dec to 2002-jul
CRCM4.1.1 .
NCEP & AMNIP05 1960-dec to 2005-
ade
(6h) may
ERA40 (6h) & . .
aex CRCM 4.2.3 AMNIPOS 1961-jan to 2002-jul -
LAM_NA ERA40_ GEMCLIM 1957-sept to 2002- )
0.5deg (0.5deg) ERA40 (0.5deg) aug
LAM_NA_ERA40_ GEMCLIM 1957-sept to 200- )
0.25deg (0.25deq) ERA40 (0.25de aug
NARCCAP
simulations
CRCM NCEP I 1979-2003 -
ECPC NCEP Il 1979-2003 -
MM5 NCEP Il 1979-2003 -
RegCM3 NCEP I 1979-2003 -
WRFP NCEP Il 1979-2003 -
HadRM3 NCEP I 1979-2003
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Regional Climate Models driven by Global Climate Models

RUN Acronym Driver Time Window SRES Scenario
. 1960-dec to 1990-
adj dec
CRCM 4.2.0 CGCM3 # member (6h) A2
2040-dec to 2070-
adk
dec
aet CRCM 4.2.3 CGCM3member (6h) 1961-2100 A2
aeu CRCM423  CGCM3Mmember (6h) 2041“‘32;0 2070- A2
ae\ CRCM 4.2 CGCMS3 & member (6t 1961-210C A2
aew CRCM 423  CGCM3'%member (6h) 2041“‘32;0 2070- A2
NARCCAP
Simulations
ECPC GFDL 2038-2070 A2
HRM3 HadCM3 2038-2070 A2
MM5* CCSM 2038-2070 A2
GFDL
RegCM3 2038-2070 A2
CGCM3
WRFP CCSM 2038-2070 A2
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