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OBJECTIVE OF THE STUDY

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

e 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 dataseries for 1961-2100;

* PDSI and SPI outputs will be uploaded for hazards.ca web site.
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21 Stations (Environment Canada Network)
(BC, AB, ON, QC, NB, PE & NS)

Name Prov] | Latitude | Longitude | Elevation
(m)
Okanagan Basin
Kelowna A BC 4994 -119.38 4295
Penticton A BC 49 46 -119.60 3441
s - Sclnlth Saslkatchewan
. o River Basin
¥ va . ’ | CalgarvA > AB :El.]l -114.02 1084.1
- i g Drumheller Andrew AB 5147 -112.87 7193
- . Lethbridge A AB 49 63 -112 80 028.7
B — -
Wi e ; Medicine Hat A AB 30.02 -110.72 716.9
> ' Red Deer A AB 52.18 -113.89 204.6
Tellowknife | Saskatoon A SK 52.17 -106.72 304.1
Great Lakes/St.
f' Frince (Facras \ . Johr's | Lawrence Basin
| 9 AR i, & : Drummondville QC 45 88 -72.48 823
T P RN Exeter ON 43.35 -81.50 2621
\ 'Caaaw 3%_‘,“"‘ gl ® Y Githes Orangeville MOE ON | 4392 ~80.09 4115
gh“*@'““ Winnipeg o Ottawa CDA ON | 45.38 75.72 79.2
”=“g§r_ Bricia Sherbrooke A QC | 4543 | 7168 2414
fﬁ“ : Trenton A ON 4412 -77.53 86.3
Torontel Welland ON 43.00 -79.26 1753
Windsor A ON 4227 -82.96 189.6
Saint John Basin
Fredericton CDA NB 4592 -66.62 396
Sussex NB 4572 -65.53 213
Atlantic
Kentville CDA NS 4507 64 48 48 8B
New Glasgow PE 46 41 6335 6.1
O"'Learv PE 46.70 -64.26 38.1




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

o Are'a . Grid Box

' i . Extract
Thel prel-dICtor IS a prit of large- Select ~ Predictor variables predictor
scale climate variables predictor e.g., MSLP, 500, 700 hPa geopotential heights, [T
variables zonal/meridional components of flow, areal T&P from GCM
The function f could be linear _ output
and non-linear regression, .
Al 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

* 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 predictors fully represent the climate change signal



METHODS

Multiple linear regression (ASD; Hessami et al., 200 8)
available on the cccsn.ca web site  (www.cccsn.ca)

* Modeling of daily precipitation
(conditional process)
— modeling precipitation occurrence

n .
0 =za,+ a.np Where: | .
i1 I p, - Atmospheric predictors

O, - Daily precipitation occurrence

— and modeling precipitation amounts R - Daily precipitation amount

n
R%®=p, + bp; +¢ a,b,g -Regression coefficients (model parameters)
=1

The residual term (e)) is modeled under the assumption that it follows a Gaussian distribution :

Z - Normally distributed random number

e =. /V”%z Z Se +b S, - Standard error of estimate: 2
S = (Robs' Rd) or S = ( obs” Td)
¢ n-2 ¢ n-2

b - Model bias

. . - 12(Vobs_ Vd)
VIF - Variance inflation factor  if NCEP predictors VIF=12 and b=0, for GCMs ones: b=M and VIF=——"2-"5~

-Md 82

e

obs



METHODS Downscaling methods - CALIBRATION

Calibration: Obtaining  Hp 3dr gparameters
(with NCEP predictors), ex. 1961-1980

Q :@"' +@Zi +'@pni
R =Gy +Bypy +Gyp, +..0)P,; €

Precipitation:
O, = observed daily Occurrence (ex. 1961-1980)
R. = observed daily Intensity (ex. 1961-1980)

P, = Predictors (atmospheric variables from NCEP, ex. 1961-1980)

100 simulations are produced over 20 years



METHODS Downscaling methods - VALIDATION

Validation over an independent period (cross-valida  tion)
(with NCEP predictors), ex. 1981-2000

QFa+ap +a,p, +.a.p,

@ b+bph+bp2|+ bpnl-l_a

Precipitation: T
Q= simulated daily Occurrence (ex. 1981-2000)
R simulated daily Intensity (ex. 1981-2000)
P, = Predictors (atmospheric variables from NCEP, ex. 1981-2000)

100 simulations are produced over 20 years



METHODS

ATMOSPHERIC INPUT VARIABLES: Predictors

PREDICTOR VARIABLES

Pressure Levels (Atmospheric variables)
500, 850 and 1000-hPa

Geopotential Height

Specific Humidity

Wind (U, V, Speed & Direction)
Vorticity

Divergence

Surface variables (or near at 2-m)

Mean sea level pressure
Specific Humidity
Temperature




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

.R2=0.28 (daily scale)



METHODS

DIAGNOSTIC CRITERIA USED TO EVALUATE THE PRECIPITATION
REGIME

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

Index Acronvm | umty

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

Intensitv (Precipitation amount per wet davs) | SDII mm/ wet davs
Maximum 3-davs of precipitation total R3davs | davs

00t percentile of rain days P90p mm/wet davs

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

* Graphics: QQ-plots & Box plots

e Statistical criteria;: RMSE, MAE & RRMSE



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).

* 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.



RESULTS (current period): Precipitation

MEAN PRECIPITATION OVER CALGARY & SASKATOON
IN SUMMER Ex. COMPARISON FOR CALIBRATION PERIOD

Calgary
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RESULTS (current period): Precipitation

WET DAYS OVER CALGARY & SASKATOON IN SUMMER
Ex. COMPARISON FOR CALIBRATION PERIOD

Calgary Saskatoon
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RESULTS (current period). Precipitation

MEAN INTENSITY PER WET DAY OVER CALGARY &

SASKATOON, SUMMER
Ex. COMPARISON FOR CALIBRATION PERIOD



RESULTS (current period). Precipitation

MAXIMUM OVER 3 CONSECUTIVE DAYS, CALGARY, SUMMER
Ex. COMPARISON BETWEEN CALIBRATION & VALIDATION PER 10DS




RESULTS (current period). Precipitation

90TH PERCENTILE OF DAILY RAINFALL, CALGARY & SASKAT OON,
SUMMER Ex. COMPARISON FOR CALIBRATION PERIOD




RESULTS (current period). Precipitation

QUANTILE-QUANTILE OF DAILY RAINFALL, CALGARY & SASK ATOON,
SUMMER Ex. COMPARISON BETWEEN SIMULATED & OBSERVED (1961-
2000)




RESULTS (current period). Precipitation

INTERANNUAL VARIABILITY OF MEAN DAILY RAINFALL, CAL GARY, SUMMER
Ex. comparison between downscaled values with NCEP pred ictors and
observed, over 3 summer months




RESULTS (current period):. Drought Index-SPI

INTERANNUAL VARIABILITY OF SPI, CALGARY & SASKATOON , SUMMER
Ex. Comparison between downscaled values with NCEP pred ictors and
observed, over summer for seasonal, 1 year, 2 yearsa nd5 years
accumulated SPI



RESULTS (future periods): Precipitation

QUANTILE-QUANTILE OF DAILY RAINFALL, CALGARY, SUMME R
Ex. 2020s, 2050s & 2080s versus OBSERVED (1961-1990 )

2020s 2050s

2080s



RESULTS (future vs current periods). SPI

INTERANNUAL VARIABILITY OF SPI, CALGARY, SUMMER
Ex. seasonal (summer), 1, 2 and 5 years from SD-CGCM3 (A2) vs OBS

OBS OBS

OBS OBS



RESULTS (future vs current periods). SPI

INTERANNUAL VARIABILITY OF SPI, CALGARY, SUMMER
Ex. seasonal (summer), 1, 2 and 5 years from SD-HadCM3 (A2) vs OBS

OBS OBS

OBS OBS



RESULTS (future vs current periods). SPI

INTERANNUAL VARIABILITY OF SPI, CALGARY, SUMMER
Ex. seasonal (summer), 1, 2 and 5 years from SD-HadCM3 (B2) vs OBS

OBS OBS

OBS OBS



RESULTS (future periods): Precipitation

QUANTILE-QUANTILE OF DAILY RAINFALL, SASKATOON, SUM MER
Ex. 2020s, 2050s & 2080s versus OBSERVED (1961-1990 )

2020s

2050s

2080s



RESULTS (future vs current periods). SPI

INTERANNUAL VARIABILITY OF SPI, SASKATOON, SUMMER
Ex. seasonal (summer), 1, 2 and 5 years from SD-CGCM3 (A2) vs OBS

OBS OBS

OBS OBS



RESULTS (future vs current periods). SPI

INTERANNUAL VARIABILITY OF SPI, SASKATOON, SUMMER
Ex. seasonal (summer), 1, 2 and 5 years from SD-HadCM3 (A2) vs OBS

OBS OBS

OBS OBS



RESULTS (future vs current periods). SPI

INTERANNUAL VARIABILITY OF SPI, SASKATOON, SUMMER
Ex. seasonal (summer), 1, 2 and 5 years from SD-HadCM3 (B2) vs OBS

OBS OBS

OBS OBS



1. Downscaling of precipitation

Quite good results over the majority of stations, exce pt over Rockies and
Appalachian areas and/or when missing values (i.e. pre  dictand) increase;
Mean and Occurrence are generally well reproduced, i.e . better than
intensity but this depends on the GCM input informatio n and location;
Good results obtained over the Prairies including extr eme of rainfall in
summer;

Similar results in general for calibration and validat ijon period (i.e. no
overfitting problem).

2. SPI index (current and future periods):

Reliable SPI is obtained with the downscaling values wit h NCEP;

Range of SPI variability (i.e. interannual, summer, 1, 2 & 5 years) is quite
well reproduced by downscaled values from GCMs in genera l;

All downscaled runs (i.e. from CGCM3 & HadCM3) suggest an increase of
severe droughts (based on SPI < -2) for Saskatoon, not  for Calgary;

More differences appear for SPI scenarios between vari  ous SD-GCM
(CGCM3 vs HadCM3) than between scenarios (A2 vs B2 fr om on sighe GCM,
l.e. HadCM3)  More than one GCM need to be used.



Develop PDSI (current & future periods)

Compute Maximum Consecutive Dry Days & combine with the
SPI & PDSI Indices

Report & Article (June & Summer 2009)

Develop other ensembles runs with other GCMs/RCMs driven
conditions and probabilistic scenarios for Droughts ?

Include RCM runs ?
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