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Who am I?

» Worked in APCC
= Sep. 2014 — Feb. 2017
» Hydrologist in AEP
» Research Interests
= Statistical Downscaling
* Hydrologic modelling
" Climate change impacts on hydrologic systems
» Current project

" Numerical modelling framework for assessment of
cumulative environmental impacts Atan 55
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Please help me !!

> Hard work!




Please help me !!

» Remain seated please !!

» Do not bring foods in Lotus...Please!!

""




Contents

» Why do we need downscaling?

» Dynamical VS Statistical downscaling
" Pros and cons

» Statistical downscaling methods
= Perfect Prognosis (PP)
= Model Output Statistics (MOS)

" Long-term trend preserving methods



Rubber suitable to road conditions




Properly Working?




Climate prediction framework
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Temporal scale of GCMs

» Temporal scales in climate forecasts

" Predictable signal of seasonal climate

* Surface ocean and land condition on longer scales
(monthly — seasonal)

= Short time scales
* Dominated by atmospheric “weather noise”

» APCC Multiple Models Ensemble (MME)
" 6-month forecasts at monthly time step

» Need of accurate sub-daily or daily climate
information

= Agricultural or hydrologic applications




Temporal disaggregation

» Temporal scale
problem

mm/day

Very difficult
(H=f(D))

Easy l T

More difficult
(D=f(M))

Difficult
(M=f(A))

copyright@Jung (2013)
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Spatial scale

» Spatial scale in climate forecasts

= Horizontal resolution 100 to 300 km

Precipitation for July-September 2015

Unit:%
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A GCM resolution

Global model
Resolution: 3.75° x3.75°

A/Ua&rb&\l g
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Source: http://www.meteo.unican.es



Spatial resolution issue

= 2 3
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Spatial resolution issue
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Spatial resolution issue
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Spatial resolution issue
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The gap between climate predictions and

regional applications (1)

» Spatial scale problem

Observed precipitation Perfect GCM Perfect GCM
(10 X 10km) (20 X 20km) (40 X 40km)
11213 ]4]2]9]5][10
5146702761t ¢ 5 5 8
101010229 J11] 6 [14 8.25 8.25
13[15[16|15]4 |12| 8 [16 12 13 9 11
6 |1L|10]5]|1|2]8]5 » »
9|29 1212|1313 6 / 9 7 8
107 ]3]10]10][15[15] 6 7.75 8.75
3 [12[14[1|0[9]|8]7 8 7 1 9
(142+45+4)/4 =3 (142+5+4+3+4+6+7+10+10+
10+11+13+15+16+15)/16 =
8.25 _Moertom it
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The gap between climate predictions and
regional applications (2)

Perfect GCM (20 X 20km)

3 5 5 8
12 13 9 11
7 9 7 8
8 7 11 9

Spatial
disaggregation

Perfect GCM (40 X 40km)

copyright@Jung (2013)
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Potential impacts of systematic bias (1)

» Warm bias in winter temperature

A
Winter Summer

Bias=0°CB

ias =3°C
/\ﬁﬂ_'

SWE

Discharge

Olct DLc Fl-b ALr Jl.lln g
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Potential impacts of systematic bias (2)

» Cold bias in winter temperature

A
Bias = -5°C
jas = -3°C
(V]
> Bias = 0°C
Q
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Needs & Options to use GCM’s information

» Downscaling

65°N { 2 ; !.‘
s SN ‘H:z'
=" ) R ~ Options
20°wW o* 20°E A(L"F,/ g / "
Longitude g N d Downscaling by
€€as statistical or
/ i To increase resolution, dyn amical
(g uniformise, provide

y Problem highresolution and methods..

Even the most contextualised data

precise GCM is
too coarse
(~100km)

Source: Navarro et al. (2012)




Downscaling

GCM Resolution
e.g. HADCM2 2.50 x 3.750

Regional Climate Model!
Resolution e.g. 50km

O O »
Aggregation =

& Hydrology

O Z

Vegetation

‘ Topography

uonebaibbesiq

Social Systems

Source: ORASECOM 2010

Downscaling techniques try
to adapt the coarse global
model output to the local

features of a given region.
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Statistical Downscaling
Methods




- =
Downscaling techniques

Emission Scenarios GCM — Global
| ' 3 ' 2 Predictions

T T T
1800 1900 2000 2100
Year

Dynamical Downscaling runs regi-o
nal climate models in reduced  do :
mains with boundary conditions giv o,
O en by the GCMs. 4
< 2
S . .
2 Historical Records
3 R T P
g e Lt Climatology (1961-90)
— . R o
S =Y =16 = o S
2 -~ A ' -
N - e B _
N Different tecniques W A2 ' M g
o 1
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G . . Sbertom w v
L Statistical Downscaling is based on
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Y\ ng historical records. -




Downscaling techniques

General classes of downscaling
Local climate = f (larger scale predictors) + locally forced variance

}

Dynamical
Two approaches

y y

}

Empirical-statistical
Three main classes

RCM | [Hi-res GCM

l

Perturbed observed

Weather Generators

Transfer Functions

Index / analogues

l

v

l

Trained on long term
time series and atmos-
pheric re-analysis data

Conditioned by GCM
parameters to capture
low frequency variance

Trained on time series
that spans range of
variability, and atmos-
pheric re-analysis data

Residual local scale
variance added
stochastically

Requires long term
data sets and uses
weather typing or

historical analogues

Source:

Bruce HAewitson:::

(CSAG)
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Pros and cons

» Dynamical and Statistical Downscaling

5

Statistical

« Easy and efficient to apply
* Fine resolution

Able to directly incorporate
observations into method

*  Apply to all GCMs

» Physical-based process

* Produce numerous variables

Sub-daily data available

* Providing climate information
at un-gauged points

Dynamical

Reference: Cooney, 2012, Downscaling Climate Models: Sharpening the Focus on Local-Level Changes, £nviron Health

Perspect 120:a22-a28

observed data

parameterization

(systematic bias)

* Needs a reliable long-term

» Does not account for non-
stationarity in the predictor-
predictand and relationship

« Dependent on choice of predictors

« Computationally intensive
e Limited resolution (25-50km)
» Dependent on RCM

» Considerable internal-variability

APEC CLIMATE CENT




Weather Generator (WG)

Observed Statistical
climate data climate
(at a location) parameters




Weather Generator (WG)

» K-nearest neighbor (K-NN) WG

Collecting historical data

Dec15/1976

K-d
PRl S N > » {Dec15./1977
Jan16/2015

L=(k+1) x N—1days

15th 1st 16th
Dec Jan Jan

> Distance for all candidates

_ — (< — AT e
dk: Xt_xk t Xt_Xk EEEEEEEEEEEEEE




K-nearest neighbor (K-NN) WG

Table 1. Variable Combinations for the WG Models

WG models

WG-5Var

WG-4Var

WG-3Var WG-2Var

Variables Precipitation, temperature,

relative humidity, wind speed,

sea level pressure

Precipitation, temperature,
relative humidity, wind speed

Precipitation, temperature, Precipitation, temperature

relative humidity

Table 2. Median Absolute Bias of Four WG Models

Youngju Gumi Jinju
Precipitation Temperature Precipitation Temperature Precipitation Temperature *@%
WG models (mm) (°C) (mm) (°C) (mm) (°C)
WG-2Var 10.10 0.18 7.12 0.10 9.84 023
WG-3Var 8.77 0.13 6.41° 0.18 9.54 0.09
WG-4Var 14.19 0.19 11.42 0.17 16.14 0.17
WG-5Var 12.36 0.19 8.09 0.17 14.70 0.17

“Best performance (lower number represents the better performance).

1000 4

9500 -

800 -

700 -

600 -

500 |

400

Precipitation (mm)

300

200 |

100 |

(a) WG-3Var

0 12 24 36 48km

Fig. 1. Nakdong River Basin, Korea

Youngduk
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Climate Change Impact Assessment Using K-Nearest
leighbor Weath : Case Study of the Nakdong

K-NN WG under Climate Change _ """~

Calculate differences for
each month & variable

— e o e o -
-

K-NN WG

-

‘weather conditions for the assessment of climate change Impscts. One of the major findings of the stady |s the potential sevenity of
drought impacts that may increase the hisionical drought daration in the basin up 10 three tmes.

DO 10.106L/ASCEIHE 10435544 00251

CE Database subject headings: Cimaic champe: Streamfiow; Case studies: Kores, South.

Climate change ts generally defined a5 3 Jong-dcrm significant  compiex plysical-based algorithms 1o describe afmasphersc -
Change In average weaer (hal affocts fogiomal envimament  Cesses in limitedarea models o regioaal clsmate models Uones.
(IPCC 2007). Climste change research faces two major diffcul- et al. 1995, Kidson and Thompson 1996; Wilby et al 1998). The

e e

problems, many scicntits have afempied t0 taonal cifon and time 10 provide the proper
slobally scaled sceaarios Over 3 1ong period of e Which we  results. Contrary 10 e dynaméc downscaling. staisical down-
hen downscaled o investigate what will hagpen in the fure at between
the regiooal scale. e GOM outputs e the oterved Nisorical data within  region
General circulation modets (GCMs) provide & range of fea-  (Wilby et al. 2000; Wood of al. 2002; Rardossy ef al. 005,
bl future climate conditons on a gl scale cmploying var)-  Mehvodra and Sharma 2005, X006; Haylck ef al 2006). There-
ous emission scenurios 10 consider the of e fo
conditions. The outputs of GCMs inclide melearological data  new region because of the simpler compatational procedures.
such as lesmperaure, preciptagion, wind specd, hamidity, e Alhough many rescarchers Bave appliod vaious statisical
ressur. However, GCMs currntly use & very coare g size
hal s goocrally mappeupriaie for e regionals nosiinear egressicas 1996). canonical comelation
are wed 1o resohve the is (Landan et al. 2001) 10d ari

e sl provi ca
Unt. of Westorn Ontac, Spences Engiaosring tudiing. Loadea ON, 7004 the histoical data. The wealber (yping apgeoach, 3 calegory
Canpda NOA S0 of chemes, e
“ulssor, Dept. of Civil and Eavimomsred Enginsaing, Ustn o erts (coniional probabilty desity uction, PDF) of the brge.

‘Westem Ontai. Spercer Enginserng Buildsg. Londcm ON, Camds  scale dats (GCMs catpul) 10 couple with Yocal measuremets.
NoA S o “mt, Fmil v e < Schastc dowscaling models incorporate daily GOM simula-

. Dept. of Gl o ons and are able 10 model owfreguency variabily wing 3
Sewd Nekas Usiv, 599 Gwand-r. Guassbge. Sl 15799 range o formalations. (Mehrotra snd Sharma 2006b; Vrac and
e Naveau 2007). However, the masn diference between stochastic

Note. Thin masncrpt wan substiod o Junuary 12, X060, spproved "
¥ dorenscaling echmiques and the appoach uscd in @is paper is
@ Masch 20, D10; mime om Apri 14, 2010, Discussion
pubtited Apt pe-

“This g i gt of
meering, Vet 15, No. 10, Ocicher 1, 2010, OASCE. ISSN 1084089%  approach. Recently. weather generator (WG) has been ssed as
DINITTI-TAL525. 0. another downscaling procedure %o gencrale metcorological data,

T2/ JOURDIAL OF HYDROLOGIC ENGINEERING © ASCE / OGTORER 2010

Pryt = Pris X Pyeita

Teye = This + Taeita
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Statistical downscaling techniques

» Perfect Prognosis (PP)

Perfect Prog Development

Perfect Prog Implementation

Predictor
(derived from observed
weather elements and

climate data)

Statistical

Model Forecast

Perfect Prog
Forecast

Predictand
(derived from cbserved
weather elemeants)

Source: http.//www.met.tamu.edu/class/metr452/models/2001/output. html#Statistical - cmsre cevren |

Weather Forecasting

Mote that PP uses
model data only in the
implementation of
the statistical
relationships.

i

Verification

Environmen
The COMET Program bertiom ans parc




Model Output Statistics (MOS)

MOS Development MOS Implementation

FPredictor
(derived from observed
weather elements,
madel forecasts, and
climate data)

Perfect Prog

Statistical Model F t
stica p— o orgcas o Foracast

Predictand
(derived from observed
weather elements)

*IIIIII

Mote that MOS uses
mdel data in both the
development and Verification
implementation of the
slatistical relaticnships.

The COMET Program

Source: http.//www.met.tamu.edu/class/metrd452/models/2001/output html#Statistical -
Weather Forecasting

Environment
and Parks




MOS

» Predictors

* From the global (or regional) model for both
training and downscaling phases

» Need the model output
» Day-to-day correspondence with observations

» These methods can work with the variable
of interest as predictor

» Local precipitation can be derived from the
direct model precipitation forecasts

APEC CLIMATE CENTER Remaca
Teocess



MOS models

» Most popular
= Bias Correction/Spatial Disaggregation (BCSD)
= Bias Correction/Constructed Analogs (BCCA)

. | . |
NASA Earth Exchange Global Daily Downscaled Downscaled CMIP3 and CMIP5 climate and
Projections (NEX-GDDP) hydrology projections (DCHP)
» BCSD » BCSD & BCCA

= 1950 through 2100 at 0.25 degrees (~25 km x 25 » 1950-2099 at 1/8°
km) ——

W31 570-13 10 2040, 2060 S0tk

. | http://gdo-

== dcp.ucllnl.org/dow
’ nscaled_cmip_proj
ections/dcplnterfa
ce.html#Welcame.. ... §
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Post Processing...Bias Correction

» Adjusting GCM-driven values at a target point or
region to better correspond to reference (e.g.
observed) data

" bias-correction (systematic errors)
> Biases in
= Single variable
* Mean, variance, shape of distribution
= Multiple variables

* Dependence structure (Cross correlation)

» Marginal distributions via quantile mapping , , . .

gt
PR e

AT
50000 55
i e
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Bias Correction/Spatial Disaggregation (BCSD)

> Statistical bias correction of GCM simulations
" Quantile mapping

» Spatial downscaling to fine scale (i.e. stations)
» Temporal disaggregation from monthly to daily

bias-corrected forecast variable derived from station obs.
. . obs. dlstritaz ........ o
b o :1:; 7
g — 1 s
) s o
3 7climate =3
Lo . £ ®
- model = =
> distrib. g >
time (months) percentile

climate model forecast output from climate model climatology

Source: Wood et al 2006, BAMS




Bias Correction/Spatial Disaggregation (BCSD)

» Bias-correction: Quantile mapping

= Monthly data set at large grid points (e.g. GCM

o bt .
=

Cumulative Density Function
L= (=
= [ ] o

points)
Zj(t) = Fops [EntY; (0)}]
Target CDF(Observation) Original CDF(Simulation)
= ——— {.
Soc==== Ml=====:

L=

400
Precipitation (mm)

200

o
o

L=

Cumulative Density
(=]
e

=
=

400 600
Precipitation (mm)

200

(=]

800




Bias Correction/Spatial Disaggregation (BCSD)

> Bias correction

» Spatial downscaling

» Temporal downscaling

Gridded observation
data
(historical period)

Aggregate observation

s data to GCM scale

(historical period)

Create CDF of observation

GCM data and GCM and quantile
(historical period) map
Apply the developed
GCM data qguantile mapping to
(Future period) future GCM data

Monthly scale

—>

Calculate changing factor
using bias-corrected his.
GCM and fut. GCM

¥

Disaggregate the changing
factor to observation scale
(i.e. interpolation)

v

Temporal disaggregation
by applying changing fact
or to daily time scales
A

>  Dailygeale ...
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Daily BCSD (1)

» Spatial disaggregation
" Interpolating daily GCM output to finer grid points
» Bias correction

" Quantile mapping

e Sample distribution of a moving window
— +15-day or a month

» No need of temporal disaggregation

» Values out of historical range
= Gumbel for precipitation
* Normal distribution for temperature PP

APEC CLIMATE CENTER Remaca
te0c0®



-
Daily BCSD (2)

aM QM QM

Target Target CDF(Observation) Original CDF(Simulation) Target CDF(Observation) Original CDF(Simulation)

' ' ! " '
H £ H £ £
g g0 E1o £ Ei1o
H H 2 H H
z° z° z z’ g
L 24 24 & B
o 2 Sos to Lot
H H £ H £
k] 3 3 ] |
202 P 02 3 £ = 02 =
H : > >
e =221 Z £ 7, £ iz ) 7
= 20 = 20 400 600 < 0 200 400 = 204 400 600 g 0 200 00
Precipitation (mm) Precipitation (mm) Precipitation (mm) Precipitation (mm)

15th 16th 1st  2nd 16th 17th N-15th N N+15th
Dec Dec Jan Jan Jan Jan
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Simple Qunatile Mapping (SQM)

» Sampling daily data to build ECDF for a month
= 12 ECDFs necessary

» GCM data » Spatial downscaling » Bias correction
: ; Create CDFs of
Historical Inverse distance
(reference) - hod OBS and GCM
: weighting metho
Period il and quantile map
Future Disaggregate GCM Apply the developed
. values to target points . .
Period guantile mapping to

(e.g. stations)
future GCM data

bertnm and paris
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BCCA (1)

1) NEW PATTERN AT CCARSE-
RESOLUTION:

A subset of patterns from a historical libsary is selected as
contributions © a constructied analogue of Z

A new~ pattern obained from a coarse
resolution source, but the corresponding
high-resclution (downscaled) gattern is
unknown

Pattern Zgh-

I FITTING THE ANALOGUE (DIAGNOSIS):

ots

spatial simrilarity evaluated atthe 2.5 x 2.5 degree
resolution

based on

I DOWNSCALING THE PATTERN
(PROGNOSIS):

A linear combination of the predictor patterns
produces a leastsquares (constructed) analogue
of Z_,_at25 x 2.5 degree resolution

A

@
17
L=
o
@
o
N
o~ =
x g
bt = A v + A z
o~ a analogues 1 analoguss 1 analogues 2 analogues 2

v ot Aamlogn.e; n “anzloguesn

g Wtere Aenalogue: | & Aamloguzs s ol Aamlogues n are reQrESSior

o coefficients

E A

> The downscaled pattern (P ... is obtained

by applying the came regres<ion ccefficients to
the higi-resolution patterrs:
g analogies 2
a anaogues |
@
o
«©
o
=<
@
-~
A
Pmaled = Aamlogun»s L Panabgues 1+
The hgh-resclution patterns for the same days as the A pcatses 2 Panabogues 2 F 220 F Apnaioesa Panaloguas
coarse predictor patterns are also gathered
Environment

Source: Hidalgo et al. (2008)

aTsco vv M and Parks
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BCCA (2)

GCM target coarse pattern Library of OBS.coarse patterns
(1 day, 1 year) (+/- 45 day window, all years)
Ty @ O O
e L L
GraYewId
FRAVATIS
L EEEEE
ZOBS
ZGCM n
Corresponding fine OBS patterns Downscaled GCM target pattern
from N best coarse OBS patterns (1 day, 1 year)

;
f
!
!
!
!

IV "
b EERE i

HAVIVID =

‘FRIVID

%
S
95

GCM
I

11111111

~
~

Source: http://climate.northwestknowledge.net/MACA/MACAmethod.php
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Need to preserve spatial distribution in the

future?
> BCCA

* Hard to find similar weather patterns from historical

data

= Not reliable climate projections

GCM target coarse pattern
(1 day, 1 year)

GCM
Z

> Spatial distribution may be altered by climate,, , ...

change

--~N----
= QO
=
o)

Library of OBS coarse patterns
(+/- 45 day window, all years)

"
L
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Few
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future
spatial
structure
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Unintended consequences...

Density

0.02

0.04 0.05

0.03

0.01

0.00

Obs hist.; mean=30.0; sd=15.0
GCM hist.; mean=30.0; sd=10.5
GCM future; mean=42.0; sd=10.5
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Quantile Delta Mapping (QDM)

» Preserving model-projected relative changes in
quantiles

» Correcting systematic biases in quantiles

MODELLED
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ETCCDI related to TMAX and TMIN
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Univariate bias correction

» Can preserve dependence structure?

(a) CRU (Dec-Jan-Feb)

- 4"}?:’?, 1.0
3 05
Se g PR - o0 Pearson correlation
pre Y os (monthly T & P)
-1.0
(b) HadCM3 (c) QDM
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Multivariate Bias Correction (MBC)

» Cholesky Decomposition (CD)

" Preserve covariance between variables

> Process
Bias Decomposi- Adjust bias
correction tion matrix corrected __
by by values by

QDM CD QDM




Multivariate Bias Correction (MBC)

(a) CRU (Dec-Jan-Feb)
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Applications of
Statistical Downscaling
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Case study 1: Vulnerability of Infrastructures to
Climate Change

» London, Ontario (Canada)
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Procedure for assessment of climate change

T

Flood frequency analysis

|

Rainfall-runoff transformation

Hydrologic Model Hydraulic Model

Floodplain mapping }

Climate Scenarios
K-NN Weather Generator
Temperature, Precipitation

A

y

|

Analysis of Change in Climate Variables
Temperature, Timing, Duration, Shifts, Precipitation

}

Risk Assessment

Environment
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Climate signal from a GCM (CCSRNIES B21)
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Figure 2. Monthly changes in precipitation and temperature for the CCSRNIES B21 GCM scenario
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Hydrologic model

> Input data

" Hourly data from a temporal disaggregation

technique

* Method of fragment (Svanidze, 1977)

» HEC-HMS

Figure 3.7 Delineation of the Thames River into sub-watersheds within the City of London
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Figure 3.8 The HEC-HMS model structure




Frequency analysis

Weather Generator
(Daily data)

Disaggregation
(Hourly data)

Extraction of the annual
extreme precipitation
data for 5-day window

Simulation of 200-year
flood events by
hydrologic model

Extraction of the annual
peak flow at the points
of interest

nvironment

Frequency analysis
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Flooding map

o North Thames Rlver 250 Year Flood
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Case study 2: Water availability under climate
change in the Alberta 0|I sands reglon

BRITSH < 1 | NORTHWEST
—— UMBI’A

TERRITORIES

~ UNITED STATES

Bowman, C.W., 2008

~ -OIL SANDS LOCATION, ALBERTA, CANADA
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Athabasca River Basin

» Various topographic and physical characteristics

DEM
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Climate data (1)

» Statistical downscaling

= PCIC (http://www.pacificclimate.org)

Suismcsl Downicatog
Aescusion

= OQver Canada with 10 km resolution

T T

Order | WNA ALA CNA ENA GRL — i
1 | CNRM-CM5-r1 CSIRO-MK3-6-0-r1 | CanESM2-r1 MPI-ESM-LR-r3 MPI-ESM-LR-r3 2 -
2 § CanESM2-r1 HadGEM2-ES-r1 ACCESS1-0-r1 inmcm4-rl inmcmd4-ri 2 CNAENA
3 § ACCESS1-0-r1 inmcm4-ri inmcm4-ri CNRM-CM5-r1 CanESM2-r1 8
4 [ inmcma-r1 CanESM2-r1 CSIRO-Mk3-6-0-r1 | CSIRO-Mk3-6-0-r1 | CNRM-CM5-r1 o 4 AMZ "
5 | csirRo-Mk3-6-0r1 | ACCESS1-0r1 MIROC5-r3 HadGEM2-ES-r1 ACCESS1-0-r1 a | By Zins
3 B HE
6 | ccsmar2 MIROC5-r3 HadGEM2-ES-r1 CanESM2-r1 CSIRO-MK3-6-0-r1 @
7 T HadGEM2-CC-r1 MPI-ESM-LR-r3 MRI-CGCM3-r1 HadGEM2-ES-r1 g |
8 | MPILESM-LR 13 MRI-CGCM3-r1 CNRM-CM5-r1 CCSM4-r2 MIROC5-r3 = B =
9 | HadGEM2-CC-r1 CCSM4-r2 CCSMé4-r2 MIROC5-r3 HadGEM2-CC-r1 i ki (‘) o e ‘6
10 | MRI-CGCM3-r1 CNRM-CM5-r1 GFDL-ESM2G-r1 ACCESS1-0-r1 CCSMA4-r2
11 | GFDL-ESM2G-r1 MPI-ESM-LR-r3 HadGEM2-CC-r1 HadGEM2-CC-r1 MRI-CGCM3-r1 TI"EVOI‘ et a|. (201 3)
12 | HadGEM2-ES-r1 GFDL-ESM2Gr1 MRI-CGCM3-r1 GFDL-ESM2G 11 GFDL-ESM2G-r1
Method Diagnostic 1- Sequencing Diagnostic 2 - Distribution Diagnostic 3 - Spatial
Rank Performance Rank Performance Rank Performance
BCCI 1 v 1/2 v 3 X
BCCA 2 v 3 X 2 OK 1 -
. bm M and
BCSD 3 X 1/2 g 1 v

Trevor et al. (2013)
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http://www.pacificclimate.org/

Climate data (2)

> CMIP5
" 6 GCMs x 2 SDMs x 2 RCPs = 24 scenarios

Model . istical RCP/ . . .
Abbreviation Modelling Center Statistica do;vl;\:,::a ing metho Primary reference
S

Centre National de Recherches

CNRM-CM5.1 _ Voldoire et al. (2013)
Meteorologiques and Cerfacs

CanESM2 Canadian Centre for Climate Modelling
. Arora et al. (2011)
and Analysis
e Centre for Australian Weather and Climate
Marsland et al. (2013
Research RCP4.58& RCP8.5/ (2013)
Institute of Numerical Mathematics of the BCCI & BCSD
INMCM4 , . Volodin et al. (2010)
Russian Academy of Sciences
Commonwealth Scientific and Industrial
CSIRO-Mk3.6.0
Research Organisation Jeffrey et al. (2013)

National Center for Atmospheric Research

SEoNE (NCAR) Gent et al. (2011) 'Wwéwr;;::m
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Indicators of Hydrologic Alterations (IHAs)

Hydrologic regime Examples of hydrologic in | Examples of ecological
v < : WRIs and IHAs - o : . <
component fluence influence

Water resources indicators (WRIs)

. o Annual water balance, Availability and suitability
Magnitude and Annual volume (m3), center of timing ) _ i i
magnitude and timing of of habitat for aquatic

timing of annual flow (water year), median . )
seasonal conditions organisms
seasonal flow
Magnitude and Annual mean 1-day minimum and ; Magnitude of annual flood Duration of stressful
duration maximum (m3/s) and drought conditions conditions
o o Spawning cues for fish;
Day of each annual 1-day minimum an Timing of annual flood and S
_ 2 » compatibility with life
d maximum drought conditions )
cycles of organisms
Magnitude and Timing and amount of spring freshet . Timing and magnitude of
timing initiation rapid melting

I ol 12
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easonal changes in PPT & TEM

Di

ference from the reference period (1981-2010)

Precipitation Percent Difference (%)
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Precipitation Percent Difference (%)
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Hydrologic model R

Grid Celf Vegetation Coverage

Cell Enerav and Moisture Fluxes

» Variable Infiltration Capacity (VIC)
= 1/16 (~7km) spatial resolution
> DEM

= Canadian Digital Elevation D
* 3 arcsecond (= 90 m ) spatial

> Land cover %
= 1 km resolution — circa 200C )
Sustainable Development, E
» Monthly Leaf Area Index (LA
= Canada-wide 1-km 10-day SPOT 4 2

» Soil parameters — 3 layers
= Soil Landscapes of Canada (SLC) ver




Hydrologic alteration factor (HAF)

» HAF

» (Projected frequency - Reference frequency) /

Reference frequency
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FLOW TIME FLOW FLOW FLOW FLOW MINFLOW MAXFLOW SPRING AT SPRING
FRESHET FRESHET

O High RVA(RCP4.5/2050s)  E1High RVA(RCP8.5/2050s) [ High RVA(RCP4.5/2080s) B High RVA(RCP8.5/2080s)
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Summary

» Why do we need downscaling?
» Statistical or Dynamical

» MOS-based approaches
" Preserve GCM-driven long-term trend
» Case studies
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