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Climate Change and
Watershed Hydrology:
Part II – Hydrologic
Implications for British
Columbia

R.G. Pike, D.L. Spittlehouse, K.E. Bennett, V.N. Egginton, P.J.
Tschaplinski, T.Q. Murdock, and A.T. Werner

The accompanying article
described recent climate changes

in British Columbia. These changes
are likely to result in adjustments in
watershed hydrology and ultimately
in our use of water-related resources.
Increased risks of droughts, floods,
and landslides will likely result in
considerable socio-economic,
biological, and physical changes.
Future climate change will bring
about greater changes and challenge
our management of forest and range
resources (Spittlehouse and Stewart
2003). To adapt to and in some cases 
mitigate the effects of climate
change, it is necessary to understand
the hydrologic implications for the
future. This article (Part II) discusses
eight broad hydrologic implications
of climate change in British
Columbia.

Hydrologic Implications for
British Columbia 
As a result of cur rent trends and future 
cli mate pro jec tions, the fol low ing
high-level hydrologic-related changes
may be expected to occur: 

l increased atmospheric evaporative
demand;

l altered vegetation composition
affecting evaporation and
interception; 

l increased stream/lake
temperatures;

l increased frequency/magnitude of
storm events and disturbances; 

l decreased snow accumulation and
accelerated melt;

l accelerated melting of permafrost,
lake ice, and river ice; 

l glacier mass balance
(advance/recession) adjustments;
and 

l altered timing and magnitude of
streamflow (peak flows, low flows).

Increased Atmospheric
Evaporative Demand
The cli mate sce nar ios pre vi ously
described could increase the atmo -
sphere’s abil ity to evap o rate water
(Hun ting ton 2008). This will occur if
the sat u rated vapour pres sure of the
air (a func tion of air tem per a ture)
increases more rap idly than the actual
vapour pres sure (i.e., the vapour pres -
sure def i cit increases). It will also
increase if net radi a tion and wind
speed increase. An increase in evap o -
ra tive demand would sig nif i cantly
affect water resources through evap o -
ra tive losses from streams, lakes, and
res er voirs, and chang ing water
demand for irri ga tion. It will also affect 
veg e ta tion sur vival and growth
through changes in water avail abil ity
and likely increased fire risk. For exam -
ple, Spittlehouse (2007) deter mined
the mag ni tude of change in evap o ra -
tive demand (cal cu lated fol low ing
Allen et al. 1998; Moore et al. 2008)
for the Camp bell River, Cranbrook,
and Fort St. John areas using cur rent
weather sta tion data and cli mate
change data for the B1 and A2 sce nar -
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ios from the Cana dian GCM.
Evap o ra tive demand, which is cal cu -
lated for months when the air
tem per a ture is above 0ºC, increased at 
all loca tions due to an increase in the
length of the time the air tem per a ture
was above 0ºC and to an increase in
the vapour pres sure def i cit (drier air).
By the 2080s, evap o ra tive demand will 
increase by about 8% under the B1
sce nario and by 15–20% under the A2 
sce nario.

Esti mates of the evap o ra tive demand
and pre cip i ta tion can be com bined to
give indi ca tors of plant water stress
and to pre dict water demand for agri -
cul tural irri ga tion and domes tic use. A
cli ma tic mois ture def i cit occurs if the
monthly pre cip i ta tion is less than the
evap o ra tive demand for the month; if
pre cip i ta tion is greater than the evap -
o ra tive demand, there is a mois ture
sur plus. By the 2080s under the B1
sce nario, Spittlehouse (2007) reported 

that the def i cit at
Camp bell River
increased by 20%,
at Fort St John by
25%, and at
Cranbrook by 30%. 
For the A2 sce nario, 
Camp bell River and 
Fort St John
increased by 30%
while Cranbrook
increased by 60%.
The larger increase
at Cranbook reflects 
the decrease in
sum mer rain fall and 
an ini tially rel a tively 
low aver age def i cit
for 1961 to 1990
ref er ence period. A

mois ture sur plus did not occur dur ing
the sum mer at any of the loca tions
(Spittlehouse 2007). 

Altered Vegetation Composition
Affecting Evaporation and
Interception 
Ter res trial veg e ta tion influ ences water
bal ance through the inter cep tion of
pre cip i ta tion and the removal of water 
from the root zone through plant tran -
spi ra tion and evap o ra tion from the soil 

sur face. As veg e ta tion com po si tion
responds to cli mate change, so too
will the amounts of water inter cepted,
evap o rated, and tran spired, thus alter -
ing water bal ance and ulti mately
streamflow. Increases in the length of
the snow-free sea son and changes in
atmo spheric evap o ra tive demand are
likely to increase plant tran spi ra tion
assum ing soil water is avail able. For
exam ple, Spittlehouse (2003) esti -
mated that tran spi ra tion from a
coastal Douglas-fir for est could rise by
6% for a 2ºC increase and 10% for a
4ºC increase in tem per a ture. Pro jected 
changes in cli mate are suf fi cient to
affect for est pro duc tiv ity and the spe -
cies that could grow on a site (Bar ber
et al. 2000; Hamann and Wang 2006;
Camp bell et al. 2008). There may also
be changes in age-class dis tri bu tion
and in the form of veg e ta tion (e.g.,
for est die-off, alpine encroach ment,
grass land expan sion) (Breshears et al.
2005; Hebda 2007; Camp bell et al.
2008). Thus the amount of plant
mate rial on a site and the phys i o log i -
cal char ac ter is tics of the new
veg e ta tion will have an impor tant
effect on water bal ance. 

Increased Stream/Lake
Temperatures
Stream and lake tem per a tures are pro -
jected to increase due to cli mate
change, which can result in a num ber
of spe cific con cerns for water and fish
spe cies, includ ing salmon (Levy 1992;
Mote et al. 2003). The vul ner a bil ity of
fish to change will depend on how
much the water body warms and the
sen si tiv ity of indi vid ual fish spe cies to
tem per a ture. Responses to increased
tem per a ture will gen er ally be defined
by fish spe cies or spe cific stocks, and
how these changes will affect the var i -
ous life stages (from egg to spawn ing
adult). Increased tem per a tures in tem -
per a ture-sen si tive sys tems may result
in increased fre quen cies of dis ease,
increased energy expen di tures, altered 
growth, ther mal bar ri ers to both adult
and juve nile migra tion, delayed
spawn ing, reduced spawner sur vival,
altered egg and juve nile devel op ment, 
changes in bio log i cal pro duc tiv ity and

other rear ing con di tions, and altered
spe cies dis tri bu tion.

Water sheds with warm water tem per a -
tures or low flows that cur rently affect
salmonid sur vival are cen tred in the
south west, south ern Inte rior, and cen -
tral Inte rior of Brit ish Colum bia (Nelitz
et al. 2007). Under a chang ing cli -
mate, it is pro jected these areas will be 
fur ther stressed. Salmonids show spe -
cies-spe cific ther mal optima and
tol er ances (Selong et al. 2001; Bear et
al. 2007); even small (1–2°C) dif fer -
ences in these param e ters may result
in marked dif fer ences in spe cies dis tri -
bu tion (Fausch et al. 1994).
Dis tri bu tion changes may be the direct 
result of the effects of water tem per a -
ture on fish phys i ol ogy or indi rectly a
con se quence of dis place ment of tem -
per a ture-sen si tive spe cies such as bull
trout (Salvelinus confluentus) by com -
pet ing spe cies such as rain bow trout
(Oncorhynchus mykiss). There fore,
shifts in pop u la tion dis tri bu tions may
be unavoid able and likely will result in
the loss of salmonids in some areas
where hab i tat con di tions are cur rently
close to tol er a ble lim its (Nelitz et al.
2007). The effects of increased water
tem per a tures are likely to be com -
pounded wher ever hydrologic regime
changes reduce sea sonal flows. For
exam ple, the lim its of fish dis tri bu tion
in head wa ter areas can be fur ther
altered with changes in the abun dance 
and dis tri bu tion of peren nial, inter mit -
tent, and ephem eral water courses.

Alter na tively, in regions or spe cific
water bod ies where cur rent tem per a -
tures are below ther mal optima for
fish, or tem per a ture sen si tiv ity is not a
con cern, increased water tem per a tures 
may pro mote fish growth and sur vival. 
Even minor tem per a ture incre ments
can change egg hatch dates and
increase sea sonal growth and
in-stream sur vival in juve nile salmon.
At Car na tion Creek, minor changes in
stream tem per a tures in the fall and
win ter due to for est har vest ing pro -
foundly affected salmonid
pop u la tions, accel er at ing egg and
alevin devel op ment rates, emer gence
tim ing, sea sonal growth, and the tim -
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ing of sea ward migra tion (Tschaplinski
et al. 2004). A use ful spe cies and life
stage spe cific sum mary of poten tial
bio log i cal vul ner a bil i ties to cli -
mate-induced changes in water flows
and tem per a tures can be found in
Nelitz et al. (2007).

Increased Frequency/Magnitude 
of Storm Events and
Disturbances 
Storm fre quency and inten sity are pro -
jected to increase (IPCC 2007), likely
rais ing the fre quency of windthrow,
break age of trees, and flood ing. An
increase in the inten sity of storms
could also increase the fre quency of
the occur rence of land slides (Miles
2001). Land slides in Brit ish Colum bia
are largely driven by cli mate, but
respond dif fer ently depend ing on the
type of land slide and ini ti at ing pro cess 
(Geertsema et al. 2007). In north ern
Brit ish Colum bia, shal low slides and
debris flows hap pen dur ing infre quent
large storms; large rock slides appear
to respond to warm ing and may be
trig gered dur ing con vec tive storms;
larger soil slides are more com mon
dur ing peri ods of increas ing pre cip i ta -
tion (Egginton et al. 2007; Geertsema
et al. 2007). Pro longed peri ods of
increased pre cip i ta tion or tem per a ture 
increase the vul ner a bil ity of slopes to
fail ure. This is due to soil sat u ra tion
and (or) destabilization from melt ing
snow or ice, which is expected to be
fur ther enhanced under cur rent cli -
mate change sce nar ios. For the
Geor gia Basin, Miles (2001) reported
that a 10% increase in annual pre cip i -
ta tion over 80 years could affect the
aver age return period between
24-hour rain fall events and events
large enough to ini ti ate slope fail ures
could decrease from 10.4 to 6.3 years. 
Fluc tu at ing win ter tem per a tures and
storm cycles may also increase ava -
lanche activ ity. The impli ca tions of
increased inci dence of dis tur bance
events can lead to increased rates of
ero sion/sed i men ta tion, increased
num ber of land slide-derived log jams,
increased chan nel destabilization, and
even tu ally decreased large woody
debris sup ply from the chan nel banks,

ulti mately affect ing stream chan nel
form and ripar ian func tion. Changes
to the return period of events also
have impli ca tions for engi neer ing
design cri te ria. 

All of these altered pro cesses and fre -
quen cies have impli ca tions for stream
ecol ogy and fish pop u la tions. Dis tur -
bances such as land slides and debris
flows directly con nected to stream
chan nels reduce the quan tity and
qual ity of fish hab i tats, and con se -
quently the local abun dance of salmon 
pop u la tions in impacted stream
reaches (Hartman and Scriv ener 1990; 
Tschaplinski et al. 2004). Addi tion ally,
related pro cesses such as local
streambed scour (deg ra da tion) can
iso late the main stream chan nel from
impor tant sea sonal fish hab i tats and
ref uges located in the floodplain, thus
poten tially reduc ing salmon sur vival
and annual smolt pro duc tion
(Hartman and Scriv ener 1990;
Tschaplinski et al. 2004).

Decreased Snow Accumulation
and Accelerated Melt 
Increased tem per a tures as a result of
cli mate change will lead to a con tin -

ued decrease in snow accu mu la tion
(Rodenhuis et al. 2007), ear lier melt
(Fig ure 3), and less water stor age for
spring freshet (Stew art et al. 2004)
and (or) to release to ground wa ter
stor age in Brit ish Colum bia. The pro -
jected declines are most nota ble in the 
cen tral and north ern Coast of Brit ish
Colum bia and at high-ele va tion sites
along the South Coast (Rodenhuis et
al. 2007). The antic i pated greater
warm ing in the win ter than the sum -
mer will impact snow lev els. Aver age
snowlines will migrate north in lat i tude 
and up in ele va tion in response to
increas ing tem per a tures with time.
Water sheds that would be the most
sen si tive to change are those occu py -
ing the bor der between rain fall and
snow depo si tion in the win ter (mixed
regimes). With pro jec tions of con cur -
rent increases in pre cip i ta tion, this
ther mal effect will be some what off set
com pared with changes result ing from 
increased tem per a ture alone (Fig ure
1). How ever, if a large por tion of win -
ter pre cip i ta tion shifts to rain, the
amount and tim ing of dis charge (see
Streamflow dis cus sion below) will sig -
nif i cantly change. It is expected that
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Figure 1. Simulated winter snow depth for Glacier National Park, Rogers Pass under current
(winter 2001/02) temperature and precipitation (blue line) and three climate change
scenarios. The scenarios are 2°C warming (increase to daily temperature record for winter
2001/02) with no precipitation change (green line), 4°C warming with no change in
precipitation (yellow line), and 4°C warming and a 10% increase in precipitation (red line).
Winter 2001/02 had close to average October to April precipitation and snow on the ground
at the end of March and April for Glacier. Source: Spittlehouse (2007).
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decreased stor age of win ter pre cip i ta -
tion will likely reduce the mag ni tude
of the spring peak flow, and exac er -
bate sum mer low-flow con di tions.
Hydrologic sce nar ios for
snowmelt-dom i nated bas ins in the
Okanagan were pro jected to change
in this way (Merritt et al. 2006); how -
ever, the degree of change pro jected
depended on the GCM used. Changes 
in sea sonal snow accu mu la tion and
melt will result in changes to the
streamflow regime, which has impor -
tant impli ca tions for water sup ply,
hydro elec tric power, fish, and aquatic
hab i tat. Less snow also has major
impli ca tions for win ter rec re ation. 

Accel er ated Melt ing of Per ma -
frost, Lake Ice, and River Ice
Ris ing tem per a tures will be affect
Ice-related hydrologic fea tures . Pro -
jec tions of milder win ter tem per a tures
mean that river and lake ice could
occur later and dis ap pear ear lier than
nor mal. These hydrologic changes will 
have impli ca tions on for est har vest
sched ul ing (oper a ble ground, sea sonal 
water tables, tim ing), trans por ta tion
(ice bridges), and rec re ation (fish ing
oppor tu ni ties). Recent anal y sis has
shown that per ma frost in many
regions of North Amer ica is also warm -
ing (Brown et al. 2004); in north ern
Brit ish Colum bia, dis con tin u ous per -
ma frost can also be expected to
respond to changes in tem per a ture
and pre cip i ta tion. Like gla ciers, not all
per ma frost in exis tence today is in
equi lib rium with the pres ent cli mate.
Unlike gla ciers, adjust ment to pres ent
cli mate lags on a lon ger time scale due 
to the insu lat ing effects of the ground. 
In the dis con tin u ous per ma frost
region, where ground tem per a tures
are within 1–2ºC of melt ing, per ma -
frost will likely dis ap pear as a result of
ground ther mal changes asso ci ated
with global warm ing (NRCAN 2006).
In areas where the ice con tent is high,
thaw ing of per ma frost can lead to
increased thaw set tle ment and
thermokarst activ ity, while reduced soil 
strength in response to melt will lead
to ground insta bil ity, increas ing the
inci dence of slope fail ures (Smith and

Bur gess 2004). The integ rity of engi -
neered struc tures such as bridge
foot ings, build ing foun da tions, roads,
rail ways, and pipe lines will also be
affected (Woo et al. 2007). The over all
ther mal response of per ma frost to
increased tem per a tures will depend on 
sur face buffer fac tors such as snow,
veg e ta tion, and organic ground cover
that can atten u ate tem per a ture
changes (Smith and Bur gess 2004). 

Glacier Mass Balance
(Advance/Recession)
Adjustments
Given the future cli mate change pro -
jec tions, it is expected that most
gla ciers in Brit ish Colum bia will con -
tinue to recede, except those at the
cold est loca tions (Rodenhuis et al.
2007). Hall and Fagre (2003) mod -
elled gla cier dynam ics in Montana’s
Gla cier National Park under two sce -
nar ios. In the first, with a dou bling of
CO2, all gla ciers dis ap peared by 2030.
In the sec ond, with a lin ear increase in
tem per a ture over time, gla ciers
remained until 2277. In Brit ish Colum -
bia’s south ern Rocky Moun tains, Parks
Can ada (2005) pre dicts that gla ciers
less than 100 m thick will dis ap pear
within 20 years. The effects of these
changes impact hydrologic func tion
and in some cases hydrologic regimes. 
Neg a tive gla cier mass bal ance should
result in increased sum mer
streamflows for some years or decades 
as gla cier melt accel er ates due to
warm ing tem per a tures. This effect will
be fol lowed by a larger decrease when 
the gla ciers even tu ally dis ap pear, or
drop to some small pro por tion of the
water shed area. The reduc tion to elim -
i na tion of the gla cial melt streamflow
com po nent that aug ments sum mer
low flows in many water sheds will
result in more low-flow days on these
streams. Already, evi dence sup ports
this hypoth e sis. Stahl and Moore
(2006) reported that, since 1970, gla -
cier-fed streams in Brit ish Colum bia
have exhib ited a decreas ing trend for
August streamflow. Future pro jec tions
of August streamflow in the 2050s for
Bridge River show marked reduc tions
in gla cier area and sum mer

streamflow, even assum ing that the
pres ent cli mate con tin ues. These
trends are even stron ger for the warm -
ing sce nar ios downscaled from GCM
sim u la tions, decreas ing by 37% (Stahl
et al. 2008).  

Altered Streamflow (Peak Flows, 
Low Flows)
Streamflow regimes are con trolled pri -
mar ily by water shed geol ogy and
sea sonal pat terns of tem per a ture and
pre cip i ta tion. Brit ish Colum bia has
four pri mary hydrologic regimes: (1)
rain-dom i nated, (2) snowmelt-dom i -
nated, (3) mixed/hybrid, and (4)
gla cier-aug mented (Eaton and Moore
2007). The rel a tive impor tance of cli -
ma tic changes, there fore, will vary by
region depend ing on the cur rent sen -
si tiv ity to regional tem per a ture and
pre cip i ta tion changes. Also, ground -
wa ter stor age and release strongly
con trol streamflow (e.g., low flows) in
some water sheds. Vari a tions in under -
ly ing geol ogy that influ ence whether
snowmelt goes into ground wa ter
reserves or into direct run off can
strongly influ ence the mag ni tude and
tim ing of late sum mer time streamflow 
and thus influ ence the mag ni tude of
the response to climate change
(Thompson 2007). 

Rain-dom i nated (some times called
plu vial) regimes closely fol low the sea -
sonal pat tern of pre cip i ta tion. These
regimes are found mostly in low land
and coastal areas in Brit ish Colum bia.
Rain-dom i nated regimes typ i cally
expe ri ence peak flows in the win ter,
with low flows occur ring in sum mer.
Snowmelt-dom i nated (nival) regimes
occur in the Inte rior Pla teau and
moun tain region and at higher ele va -
tions in the Coast Moun tains (Eaton
and Moore 2007). Snowmelt-dom i -
nated regimes typ i cally expe ri ence
peak flows in the spring (as a result of
snowmelt) with low flows in the late
sum mer extend ing through the win ter 
dur ing the snow accu mu la tion period. 
Water sheds that dis play the char ac ter -
is tics of both of these regimes are
referred to as mixed or hybrid regimes 
(Eaton and Moore 2007). These
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regimes can have sig nif i cant
streamflow (peaks) in both win ter (as a 
result of rain) and spring (as a result of 
snowmelt from higher ele va tions).
Low flows occur in sum mer in these
water sheds. Hydro graphs of gla -
cier-fed (gla cier-aug mented) streams
are sim i lar in shape to those of
snowmelt-dom i nated water sheds,
except the low-flow period begins
later in the sum mer to early fall due to
the extra sum mer con tri bu tions from
gla cial melt wa ter.

The hydrologic effects of cli mate
change will likely have an impor tant
impact on water sheds where cold-sea -
son pre cip i ta tion is stored in
snowpacks. The response of rain-dom -
i nated regimes will likely fol low
pre dicted changes in pre cip i ta tion
(Loukas et al. 2002). For exam ple, an
increased mag ni tude and fre quency of 
storm events will result in an increased 
fre quency and mag ni tude of storm-
driven peak flows in the win ter. In the
sum mer, pro jected drier sum mers raise 
con cerns around increased num ber
and mag ni tude of low-flow days.

Pro jected warm ing will result in less
snow stored over win ter, and more
win ter pre cip i ta tion will fall as rain. In
these sit u a tions, mixed/hybrid regimes 
might tran si tion to rain-dom i nated
regimes through the weak en ing or
elim i na tion of the snowmelt com po -
nent (Whitfield et al. 2002; Eaton and
Moore 2007). Sim i larly, snowmelt-
dom i nated water sheds might exhibit
char ac ter is tics of hybrid regimes and
gla cial-aug mented sys tems might shift 
to a more snowmelt-dom i nated pat -
tern in the tim ing and mag ni tude of
annual peak flows and low flows. For
exam ple, in the south ern Colum bia
Moun tains at Red fish Creek, there has
been an observed increase in the inci -
dence of fall–early win ter peak
streamflow events that up to 10 years
ago were rel a tively rare in the
hydrometric record (P. Jor dan, pers.
comm., Dec. 2007). With the pro -
jected ele vated tem per a tures, there
will be a shorter snow-accu mu la tion

sea son and likely an ear lier start to the
spring freshet in snowmelt-dom i nated
sys tems, which may lengthen the
period of late sum mer and early
autumn low flows (Loukas et al. 2002;
Merritt et al. 2006). In water sheds
where snow is the pri mary source for
sum mer streamflow, loss of win ter
snowpack may reduce the late sum -
mer drain age net work, with peren nial
streams becom ing inter mit tent
(Thomp son 2007). Con versely, water -
sheds where ground wa ter is the
source of sum mer time streamflow will
still con tinue to flow, albeit under
reduced vol umes (Thomp son 2007) in 
response to changes in sea sonal
snowpack accu mu la tion that recharge
ground wa ter. 

In hybrid-regime water sheds on the
coast, snowpacks above 1000–1200 m 
can be up to 4–5 m in depth (e.g.,
Rus sell Creek), espe cially in north-fac -
ing open bowls or sub al pine for ests (B. 
Floyd, pers. comm., 2007). Snowpacks 
in these hybrid regimes can be deep
enough to store a sig nif i cant amount
of rain, thus damp en ing the response
of water sheds to large mid win ter rain
events. If these snowpacks no lon ger
form or are very shal low and are cou -
pled with increases in tem per a ture,
large mid win ter snow fall events will
change to large rain events, thereby
increas ing the fre quency of peak flows
occur ring through out the win ter in
these water sheds. Sub se quently,
spring peak flows will be reduced and
occur ear lier due to less pre cip i ta tion
being stored as snow dur ing the win -
ter, and win ter flows will be greater if
pre cip i ta tion falls as rain instead of
snow.

In gla cier-aug mented sys tems, as pre -
vi ously dis cussed, peak flows would
decrease and occur ear lier in the year,
sim i lar to snowmelt-dom i nated
regimes. In the long term, the reduc -
tion or elim i na tion of the gla cial
melt wa ter com po nent in the sum -
mer/early fall would increase the
fre quency and dura tion of low-flow
days in these sys tems. 

Conclusion
Brit ish Colum bia’s cli mate has
changed over the last 100 years and
will con tinue to shift. The accom pa ny -
ing changes and the asso ci ated
hydrologic impli ca tions will have many 
impor tant impli ca tions for fish er ies,
agri cul ture, for estry, rec re ation, hydro -
elec tric power, and water resources,
yet these changes will vary in impor -
tance accord ing to local con di tions.
The pro jected impacts of cli mate
change on streamflow will vary across
the prov ince and hence local mit i ga -
tion and adap ta tion strat e gies will
likely be needed to ensure the effec tive 
stew ard ship of water shed resources
and asso ci ated val ues. 
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