
 Symposium Summary

Chang ing Cli mate,
Uncer tain Futures, and
Evolv ing Prac tices
David Hutch in son and David Roche

There is now con sen sus among
cli mate sci en tists that the Earth’s

cli mate is chang ing and that
human-induced green house gas
emis sions are play ing a driv ing role.
Envi ron men tal prac ti tio ners are fac ing 
an ever-increas ing demand from
cli ents to incor po rate cli mate change
into future devel op ment plans and
design cri te ria. How ever, there
remains a large gap between the
lon ger-term, global-scale cli mate
pre dic tions typ i cally pro vided by the
cli mate mod el ling com mu nity and
the local-scale (and often syn op tic)
cli mate pre dic tions needed by
prac ti tio ners. This knowl edge gap has 
often forced engi neer ing design
stud ies and envi ron men tal impact
assess ments to either make crude
assump tions about cli mate change or 
avoid address ing it at all.  

On April 21–23, 2008, the Air and
Waste Man age ment Asso ci a tion and
Cana dian Water Resources Asso ci a tion
jointly held a three-day sym po sium in
Van cou ver, BC, to explore the gap
between sci en tists and prac ti tio ners.
The sym po sium brought together
lead ing experts on the cur rent state of
cli mate change sci ence and pro fes -
sion als who use future cli mate
pre dic tions in engi neer ing and envi -
ron men tal stud ies. Twenty invited
speak ers addressed a wide range of cli -
mate change top ics and pre sented an
infor ma tive after noon work shop ses -
sion on cli mate downscaling. Links to
sym po sium pre sen ta tions can be
found at www.climatesymposium.com.1

This Stream line arti cle pres ents a syn -
the sis of the sym po sium and
high lights key find ings on the cur rent
state of cli mate change sci ence and
pro jected impacts for Brit ish Colum -
bia. The arti cle con cludes with

rec om men da tions on guide lines for
includ ing cli mate change into
prac tice.  

Cur rent State of Cli mate
Change Sci ence
There has been tre men dous effort over 
the past three decades to develop
global cli mate mod els (GCMs; also
known as gen eral cir cu la tion mod els)
to sim u late the Earth’s cli mate sys tem
with its com plex inter ac tions and feed -
back among com po nents. Con tin u ing
research has led to ongo ing improve -
ments to model res o lu tion,
com pu ta tional meth ods, and
parameterizations, as well as better
rep re sen ta tion of green house gas
emis sions and their impact on radi a -
tive forcings. These mod els have led
the Inter gov ern men tal Panel on Cli -
mate Change to con clude with 90%
cer tainty that human activ i ties are hav -
ing a mea sur able effect on the Earth’s
cli mate. 
The cur rent gen er a tion of GCMs
resolves a hor i zon tal (grid cell) res o lu -
tion on the order of 300–500 km and
10–20 ver ti cal lev els in the atmo -
sphere. At this scale, Brit ish Colum bia
is rep re sented by approx i mately 10
grid cells. Regional cli mate mod els
(RCMs) offer higher res o lu tion (about
50 km) over a lim ited domain of the
Earth’s sur face, but are nested within a 
GCM and forced at the bound aries by
the GCM results. Despite their higher
res o lu tion, RCMs rely on the same
phys ics-based equa tions as GCMs and
still require parameterization to
address sub-grid pro cesses (e.g., con -
vec tion). Out put from both GCMs and 
RCMs is widely avail able; how ever, the 
com pu ta tional resources and tech ni cal 
exper tise required to run the cli mate
mod els limit their devel op ment and
exe cu tion to large orga ni za tions or

gov ern ment agen cies such as
OURANOS (www.ouranos.ca) or the
Cana dian Cli mate Cen tre for Mod el -
ling and Anal y sis
(www.cccma.ec.gc.ca). 
While GCM and RCM cli mate sim u la -
tions are becom ing increas ingly
real is tic, they include many cal i brated
param e ters. As with all cal i brated
mod els, good model per for mance
under nom i nal con di tions does not
nec es sar ily mean that they can accu -
rately pre dict cli ma tic response to
nat u ral or anthropogenic per tur ba -
tions (e.g., ris ing green house gas
con cen tra tions, vol ca noes). In fact,
many of the avail able GCMs do not
agree with each other in the direc tion
of change of a par tic u lar hydroclimate
vari able for a par tic u lar region.
Typ i cally, cli mate mod el lers illus trate
model per for mance using pre dic tions
of global mean tem per a ture over
recent his tory and the abil ity of the
model to pre dict changes in the global 
mean result ing from major events such 
as vol ca nic erup tions. Unfor tu nately,
these results offer lit tle assis tance to
the prac ti tio ner try ing to objec tively
deter mine whether a par tic u lar GCM
or RCM is reli ably resolv ing the cli mate 
sys tem over a given spa tial domain of
inter est. The accu racy of a GCM to
repro duce syn op tic-scale fea tures is
crit i cal to the suc cess of any
downscaling tech nique applied to
derive local-scale pre dic tions. Alex
Can non (Envi ron ment Can ada) pre -
sented recent work by Ian McKendry
and oth ers at UBC, who com pared
pre dic tions from the Cana dian Global
Cli mate Model (CGCM2) with the
National Cen ters for Envi ron men tal
Pre dic tion (NCEP) weather re-anal y sis
prod uct, which pro vides a rea son able
rep re sen ta tion of the “true” state of
the atmo sphere (see McKendry et al.
2006). For the Pacific North west, the
authors found sys tem atic errors in the
fre quency of CGCM2’s pre dic tion of
Arc tic out flow and Pine ap ple Express
atmo spheric cir cu la tion pat terns for
the his tor i cal period 1961–1989. 
While prac ti tio ners will find that objec -
tive eval u a tions such as McKendry et
al.’s are rare at pres ent, the cli mate
mod el ling com mu nity is look ing to
develop a stan dard set of val i da tion
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data sets so that cli mate mod els can
be eval u ated both spa tially and tem -
po rally (Reichler and Kim 2008). This
will make the eval u a tion of cli mate
model pre dic tions for a par tic u lar
region more digest ible for
prac ti tio ners. 
Future anthropogenic emis sions sce -
nar ios — the alter na tive ways in which 
soci ety might adapt and evolve over
the next 100 years — are an impor tant 
source of uncer tainty in future cli mate
pre dic tions. The sce nar ios range from
pes si mis tic “busi ness-as-usual”
approaches to fos sil fuel con sump tion
and pop u la tion growth (“A1” and
“A2” sce nar ios, respec tively), to rapid
tech no log i cal change and intro duc tion 
of clean and resource effi cient tech nol -
o gies (“B1” and “B2” sce nar ios,
respec tively). Cli mate pre dic tions for
the first half of the 21st cen tury are
rel a tively insen si tive to the dif fer ent
emis sions sce nar ios due to the res i -
dence time of green house gas and
momen tum of the global cli mate sys -
tem; regard less of the choices that
soci ety makes today, the cli mate is
pre dicted to warm over the next sev -
eral decades. How ever, the choice of
emis sions sce nario sig nif i cantly influ -
ences cli mate pre dic tions for the lat ter
half of the 21st cen tury.
The num ber of future cli mate real iza -
tions that can be derived by
com bin ing dif fer ent cli mate mod els
and emis sion sce nar ios can be over -
whelm ing to a prac ti tio ner. There is no 
guid ance from the cli mate mod el ling
com mu nity on how to best inte grate
the model runs. The de facto
approach seems to involve con sid er ing 
all com bi na tions of mod els and emis -
sions sce nar ios to esti mate uncer tainty 
for a given cli ma tic vari able, time
period, and loca tion of inter est (e.g.,
Rodenhuis et al. 2007). 
Most water resource assess ments focus 
on catch ment scales of about 10 to
1000 km2. Global and regional cli mate 
mod els do not real is ti cally rep re sent
the atmo spheric forcings at these
catch ment scales. As a result, cli mate
mod els require some downscaling to
appro pri ately trans fer infor ma tion to
the local scale. 
A num ber of estab lished meth ods are
avail able to downscale cli mate change 

pro jec tions from GCMs to the local
scale. Avail able meth ods vary from
sim plis tic approaches based on
observed cli ma tol ogy (e.g., the
“delta” method) to com plex “dynam i -
cal” downscaling meth ods that nest
cli mate mod els at ever-increas ing res o -
lu tions. The prac ti tio ner chooses a
downscaling tech nique most appro pri -
ate to the task at hand. Envi ron ment
Can ada’s Cana dian Cli mate Change
Sce nar ios Net work (www.cccsn.ca) pro -
vides an excel lent source of
infor ma tion on mod els, downscaling
tools, and anal y ses for prac ti tio ners.
Table 1 sum ma rizes the strengths and
weak nesses of var i ous classes of
downscaling meth ods based on Wilby
et al. (2004).

Pro jected Impacts of
Cli mate Change in Brit ish
Colum bia
In gen eral, global cli mate mod els pre -
dict warmer con di tions for Brit ish
Colum bia over the next cen tury. How -
ever, pre dic tion of future pre cip i ta tion
con di tions are mixed and within the
range of vari abil ity cur rently observed. 
Water shed man ag ers should be pre -
pared to man age the impacts
asso ci ated with both “warm and wet”
and “warm and dry” years. 
While sci ence can cur rently pre dict
gen eral cli mate change trends for tem -
per a ture (and to a lesser extent,
pre cip i ta tion), numer i cal pre dic tions
retain a high degree of uncer tainty.
Some guid ance is offered in the sum -
mary of his tor i cal trends and pro jected 
cli mate impacts con ducted by the
Pacific Cli mate Impacts Con sor tium
(PCIC) and pre sented by Dave
Rodenhuis (Rodenhuis et al. 2007;
avail able free from the Pacific Cli mate
Impacts Con sor tium Web site at
www.pacificclimate.org). The PCIC
report sum ma rizes pre dic tions for a
num ber of hydroclimatic vari ables and 
cur rently rep re sents the most sig nif i -
cant anal y sis of its kind for Brit ish
Colum bia.
Both weather (daily to decadal) and
cli mate (multi-decadal to cen tu ries) in
Brit ish Colum bia are strongly affected
by nat u rally occur ring multi-year cli -
mate cycles such as the ENSO (El
Niño–South ern Oscil la tion) and PDO

(Pacific Decadal Oscil la tion). Although
anal y sis has deter mined that under ly -
ing cli mate change is occur ring, these
cli mate anom a lies will con tinue to
cycli cally mod er ate or exac er bate
expected cli mate change effects. The
cur rent gen er a tion of global cli mate
mod els rep re sents these modes of cli -
mate vari abil ity imper fectly, and
prac ti tio ners should use model pre dic -
tions of these low-fre quency cli mate
oscil la tions cau tiously. In addi tion, the
nat u ral vari abil ity asso ci ated with
these cycles should be care fully con -
sid ered when assess ing pre dic tion
uncer tainty.  
The con sen sus GCM pre dic tion of
warm ing in Brit ish Colum bia is
expected to impact nival and gla cial
hydrologic regimes most severely. This 
warm ing will reduce win ter snow
accu mu la tion and lead to ear lier
spring freshets fol lowed by lon ger,
more pro nounced sum mer low flows
(Leith and Whitfield 1998). Alan Ham -
let (Uni ver sity of Wash ing ton) showed
how hydrologic mod els can be used to 
iden tify land scapes that may be sus -
cep ti ble under a chang ing cli mate. He
also pre sented a study dem on strat ing
that April 1 snowpacks in the US por -
tion of the Colum bia Basin will be
much more sen si tive to pre dicted cli -
mate warm ing than the Cana dian
side. 
In gla cier-fed bas ins, reduced win ter
accu mu la tion and enhanced sum mer
abla tion will lead to a reduc tion in gla -
cier mass and area through time. Dan
Moore (Uni ver sity of Brit ish Colum bia) 
pre sented a hypoth e sis rep re sent ing
four dis tinct stages of response of
glacierized bas ins to a warm ing cli -
mate, as indi cated by changes in late
sum mer streamflow. In the first stage,
gla ciers main tain a quasi-equi lib rium
with the con tem po rary cli mate. In the
sec ond stage, gla ciers respond to a cli -
mate warm ing by enter ing a neg a tive
mass bal ance and late sum mer
streamflow increases. As gla cier area
shrinks in response to con tin ued
warm ing, con tin ued reces sion no lon -
ger enhances late sum mer streamflow. 
At this third stage, late sum mer
streamflow begins to decrease until it
reaches a new and lower state of
quasi-equi lib rium (Stage 4) or until the 
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gla cier dis ap pears alto gether. Stahl
and Moore (2006) ana lyzed trends in
late sum mer (August - Sep tem ber)
streamflow from sev eral hydrometric
gauges in Brit ish Colum bia. They
found that bas ins with gla ciers exhib -
ited a neg a tive trend in late sum mer
streamflow whereas no appar ent trend 
was evi dent in bas ins that had no gla -
ciers pres ent. This sug gests that many
gla cier bas ins in the West ern Cor dil lera 
may already be in the “third stage” of
response to cli mate warm ing. A
decrease in gla cier melt wa ter con tri -
bu tion dur ing late sum mer will have
impor tant con se quences upon power
gen er a tion, stream ther mal regimes,
and eco log i cal assem blages. 
Ground wa ter also plays an impor tant
role in mod er at ing streamflow and
ther mal regimes. The inter ac tion
between cli mate, sur face water, and
ground wa ter in Brit ish Colum bia is
com plex. Aqui fer response is not only
a func tion of the cli mate sig nal but
also the inter ac tion of sur face water,
recharge, aqui fer prop er ties, and
anthropogenic effects (e.g.,
drawdown). In many parts of Brit ish

Colum bia, ground wa ter sys tems are
closely con nected with the sur face
water sys tem. Diana Allen (Simon Fra -
ser Uni ver sity) used a ground wa ter
model to illus trate the close con nec -
tion between the tim ing and
mag ni tude of sur face water of the Ket -
tle River with ground wa ter lev els near
Grand Forks, BC. Despite a pre dicted
increase in annual recharge to the
Grand Forks aqui fer under future cli -
mate sce nar ios, ground wa ter lev els are 
pre dicted to be much lower in late
sum mer as the spring freshet on the
Ket tle River occurs ear lier in the year.
With declin ing sum mer streamflows,
agri cul tural water demand could
increase uti li za tion of ground wa ter
resources even at cur rent lev els. How -
ever, agri cul tural demand is not
expected to remain con stant. Pro -
jected increases in tem per a tures will
increase agri cul tural water demand,
espe cially in water-lim ited regions
such as the Okanagan Val ley. This
could impact grow ing sea son length,
tim ing of bud burst, and evap o ra tive
demand, which may favour cer tain
crop types or vari et ies. Denise Neilsen

(Agri cul ture and Agri-Food Can ada)
illus trated how win er ies in the
Okanagan have adapted to grow ing
more ten der vari et ies of grapes in
response to less severe win ter con di -
tions since the 1990s. Argu ably of
greater inter est was her illus tra tion of
how con tin ued change will move the
cli mate beyond the region of pro duc -
tiv ity now being enjoyed, such that
some vari etals will become much
more dif fi cult to sup port.
The Inter gov ern men tal Panel on Cli -
mate Change esti mates global sea
level will rise from 18 to 59 cm per
cen tury pri mar ily due to ther mal
expan sion of the oceans and melt con -
tri bu tion from major ice caps such as
Green land and Antarctica. How ever, if
the rate of gla cier melt observed on
these ice caps in the past decade per -
sists, sea level may rise a fur ther 17 cm 
by the end of the 21st cen tury. The
direc tion of increas ing sea lev els is
con clu sive but local-scale pre dic tions
are again con founded by exter nal fac -
tors, in this case sub si dence and local
tec tonic move ment. Bill Crawford
(Depart ment of Fish er ies and Oceans)
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Table 1. Strengths and weak nesses of var i ous downscaling tech niques (adapted from Wilby et al. 2004)

Class Sub-classa Strengths Weak nesses

Cli ma to log i cal Delta Method
(e.g., ClimateBCb)

• Straight for ward to apply
• Eas ily acces si ble

• Cli mate vari ables con sid ered mutu ally
inde pend ent

• Poor rep re sen ta tion of extremes
• Tem po ral disaggregation of monthly val ues to

finer time scales may not be appro pri ate

Sta tis ti cal Regres sion Meth ods
(e.g., SDSM,c ASDd)

• Straight for ward to apply 
• Wide range of pre dic tor vari ables

can be incor po rated

• Poor rep re sen ta tion of observed vari ance and
extreme events

• May assume lin ear ity and/or nor mal ity of data

Weather Gen er a tors 
(e.g., LARS-WGe)

• Pro duc tion of large ensem bles for
uncer tainty anal y sis

• Pro duc tion of long sim u la tions for
extremes

• Arbi trary adjust ment of model param e ters for
future cli mate

• Unan tic i pated effects to sec ond ary vari ables of
chang ing pre cip i ta tion param e ters

Weather Typ ing
(e.g., Synoptic Typerf)

• Yields phys i cally inter pret able link -
ages to sur face cli mate

• Requires addi tional task of weather clas si fi ca tion
• Cir cu la tion-based schemes can be insen si tive to

future cli mate forcings
• May not cap ture intra-type vari a tions in sur face

cli mate

Dynam i cal Regional Cli mate Mod els
(e.g., CRCM,g RegCM3h)

• Phys i cally con sis tent sim u la tion of
all atmo spheric vari ables for all lay -
ers of the atmo sphere

• Con sid er able train ing and exper tise in cli mate
mod el ling required

a Sev eral of the sta tis ti cally based downscaling tech niques incor po rate a hybrid of meth ods (e.g., regres sion + weather gen er a tor).
b See http://www.genetics.forestry.ubc.ca/cfcg/climate-models.html
c Sta tis ti cal Downscaling Model (SDSM) – see https://co-public.lboro.ac.uk/cocwd/SDSM/
d Auto mated Sta tis ti cal Downscaling (ASD) – see http://gaia.ouranos.ca/DAI/downscaling_tools-e.html
e Long Ash ton Research Sta tion Weather Gen er a tor – see http://www.rothamsted.bbsrc.ac.uk/mas-models/larswg.php
f See www.bom.gov.au/inside/ccsb/mss/projects/synoptictyper/
g Cana dian Regional Cli mate Model – see www.ccma.ec.gc.ca/models/crcm.shtml
h Regional Cli mate Model ver sion 3 – see http://users.ictp.it/RegCNET/model.html
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showed how even coastal com mu ni -
ties located rel a tively close together
can have rates of sea level rise that dif -
fer by 0.4–0.6 cm/yr. The main impact 
of local tec tonic move ment on 
sea-level rise is a
func tion of energy
being stored in the
deform ing plates
dur ing the inter-seis -
mic period. It is
dif fi cult to con sider
how a major earth -
quake may affect the
rate of sea-level rise;
how ever, all coastal
com mu ni ties of Brit -
ish Colum bia must
be pre pared to adapt 
to long-term increas -
ing sea lev els. 

Guid ance for
the Prac ti tio ner
The state of cli mate
mod el ling sci ence is
con tin u ally improv -
ing, and is expected
to even tu ally improve hydroclimate
pre dic tions at scales directly rel e vant
to prac ti tio ners. The cli mate mod el ling 
com mu nity is striv ing to deliver
regional cli mate model pro jec tions at
a hor i zon tal grid scale of 10 km within 
the next 5 years, a con sid er able
advance ment over the sta tus quo.
Given the speed at which the sci ence
is evolv ing, prac ti tio ners must become 
and stay famil iar with the most cur rent 
cli mate change pre dic tions. Sum mary
reports like the one recently pro duced
by PCIC offer prac ti tio ners an excel lent 
over view of up-to-date pro jected cli -
mate changes in Brit ish Colum bia.
There is a near-term need for part ner -
ship orga ni za tions (per haps sim i lar in
nature to PCIC) that can effec tively
trans fer infor ma tion between mod el -
lers and prac ti tio ners.
Regard less of the advances in cli mate
mod el ling over the next 5–10 years,
the results from such mod els need to
downscale to con duct local impact
stud ies. Prac ti tio ners are encour aged
to learn more about var i ous
downscaling tech niques and their
advan tages/dis ad van tages in a par tic u -
lar appli ca tion. Tools such as

ClimateBC (Wang et al. 2006) are an
excel lent source of infor ma tion, but
can be mis lead ing if not applied with
an under stand ing of the lim its and
uncer tain ties that accom pany its

pre dic tions. 

Except for dynam i -
cal downscaling,
all other
downscaling 
tech niques are
con di tioned 
some what upon
obser va tional data
net works. A
healthy, long-term 
hydroclimate 
net work rep re sen -
ta tive of
hydroclimatic 
con di tions expe ri -
enced through out
Brit ish Colum bia is 
nec es sary to
enable usage of
state-of-the-art
downscaling tech -
niques, track and

val i date trends in hydroclimatic vari -
ables, val i date mod els, and improve
pre dic tive capa bil ity at unmonitored
loca tions. In par tic u lar, high ele va tions 
and north ern regions where the effects 
of cli mate change are likely to be the
most dra matic need to be mon i tored
more closely. 

Con clu sions
The state of cli mate change sci ence is
evolv ing rap idly and tools and tech -
niques for assess ing local and regional
impact are becom ing increas ingly
avail able to the prac ti tio ner. The cli -
mate sym po sium offered an
oppor tu nity for inter change between
sci en tists and pro fes sion als deal ing
with cli mate change in their every day
prac tice. While there remains a sig nif i -
cant gap between the states of sci ence 
and prac tice, events such as the cli -
mate sym po sium should be con ducted 
reg u larly to ensure that prac ti tio ners
are well equipped and informed of
advances in sci ence, tools, and tech -
niques for incor po rat ing cli mate
change impacts in local and regional
scale assess ments.

For more infor ma tion, con tact:

David Hutch in son
Envi ron ment Can ada
Tel: (604) 713-9548
Email: david.hutch in son@ec.gc.ca

David Roche
Kerr Wood Leidal
Tel: (604) 294-2088
Email: droche@kwl.ca 
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usage of state-of-the-art
downscaling tech niques,
track and val i date trends
in hydroclimatic
vari ables, val i date
mod els, and improve
pre dic tive capa bil ity at
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http://www.pacificclimate.org/docs/publications/PCIC.ClimateOverview.pdf
http://www.genetics.forestry.ubc.ca/cfcg/climate-models.html
http://www.ipcc-data.org/guidelines/dgm_no2_v1_09_2004.pdf
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