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Alberta’s South ern Rock ies
Water shed Pro ject— 
How Wild fire and Sal vage
Log ging Affect Water
Qual ity and Aquatic Ecol ogy
Uldis Silins, Kevin D. Bladon, Axel Ander son, John Diiwu, Monica B.
Emelko, Michael Stone, and Sarah Boon

The east ern slopes of Alberta’s
Rocky Moun tains pro duce the

vast major ity of sur face water sup plies 
in the cen tral and south ern regions of 
the prov ince. Pop u la tion growth,
indus trial devel op ment, and
agri cul tural expan sion over the past
two decades have dra mat i cally
increased water demand in this
region. Such pres sures on water
resources, along with the rapid
expan sion of urban devel op ment
into wildland areas, heavy
rec re ational use, and pub lic
con cerns over the impacts of
cli mate change have led to a
sub stan tial increase in atten tion

on head wa ter or source water
pro tec tion issues in Alberta’s

east ern-slope for ests. 
This new focus has

cre ated fun da men tal
chal lenges for

for est water shed and inte grated water 
man ag ers in Alberta and many other
regions of North Amer ica.
Nat u ral dis tur bance from wild fire and
for est pest/dis ease out breaks has been
a com mon his toric fea ture of Alberta’s
for ested land scape. A series of unusu -
ally large and severe wildfires in the
last decade, along with the recent
appear ance of large-scale moun tain
pine bee tle (MPB) out breaks begin -
ning in 2004/05, have raised new
con cerns over cli mate change impacts
on the fre quency and sever ity of
large-scale nat u ral dis tur bances. The
Lost Creek wild fire in the Crowsnest
Pass was one of the first in a series of
large wildfires in south west Alberta
and south east Brit ish Colum bia dur ing 
the 2003 fire sea son. The wild fire
burned out of con trol for 26 days and
con sumed over 21 000 ha in the
head wa ters of the Oldman River Basin, 
threat en ing wild life, indus try, and
com mu ni ties. The wild fire was unusu -
ally severe because of very dry

con di tions and high fuel loads,
and burned as a nearly

con tig u ous

crown fire that con sumed vir tu ally all
of the for est floor across exten sive
regions within the burn bound ary
(Fig ure 1). 
The South ern Rock ies Water shed Pro -
ject (SRWP) was estab lished in
response to the need for infor ma tion
on how severe wild fire dis tur bance
(includ ing incre men tal effects of sal -
vage log ging) affects a range of
“water shed val ues.” The objec tives of
SRWP were to describe the imme di ate
impacts of the wild fire on the hydrol -
ogy, water qual ity, and aquatic
ecol ogy of dis turbed water sheds and
to assess the early tra jec tory of water -
shed recov ery in sub se quent years. 
To date, SRWP has pro duced one of
the most com pre hen sive datasets
describ ing both the basic hydrol ogy
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and the impacts of severe nat u ral dis -
tur bance on a range of water shed
val ues in the high water-yield ing,
source water sheds of Alberta’s Rocky
Moun tains (east ern slopes). The pur -
pose of this arti cle is to intro duce this
pro ject by briefly sum ma riz ing the
scope of research under way at the
study area and by high light ing a small
sub set of results that focus on key indi -
ca tors of water qual ity and stream
health (ecologic response). 

Study Descrip tion
Research water sheds were estab lished
in the win ter of 2003/04 to cap ture
data from the first post-dis tur bance
hydrologic events dur ing the spring
snowmelt of 2004. Seven water sheds
were instru mented to enable auto -
mated and man ual hydrometric, water 
qual ity, and stream eco log i cal mon i -
tor ing. Instru men ta tion was installed
in three burned water sheds (Lynx,
Drum, and South York Creeks), two
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Fig ure 1. High fire sever ity in Lynx Creek. Note the loss of for est floor. 
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post-fire sal vage-logged water sheds
(Lyons West and Lyons East Creeks),
and two unburned (ref er ence) water -
sheds (Star and North York Creeks). A
well-dis trib uted net work of 15 cli mate
sta tions pro vides con tin u ous data for
pre cip i ta tion, air and ground tem per a -
ture, rel a tive humid ity, radi a tion,
snowpack depth, and wind speed 
(Fig ure 1). 
Study water sheds range in size from
360–1315 ha (830 ha mean) with an
aver age ele va tion of 1800 m (Fig ure
2). The pro por tion of total water shed
area burned in the five dis turbed
water sheds ranges from 53 to 100%;
how ever, this pro por tion includes
alpine areas that did not burn because 
of a lack of tree cover. Vir tu ally all for -
ested stands in the burned catch ments 
were con sumed by the fire. Sal vage
oper a tions occurred on 63% of the
burned area in Lyons Creek West (40% 
of the total water shed area har vested)
and 22% of the burned area in Lyons
Creek East (18% of the total water -
shed area har vested). 
The region encom passed by the study
is broadly char ac ter is tic of Rocky
Moun tain front-range phys io graphic
set tings, with all water sheds span ning
upper Montane, Sub al pine, and Alpine 
ecozones. Lodgepole pine (Pinus
contorta var. latifolia), Engelmann
spruce (Picea engelmanii), and sub al -
pine fir (Abies lasiocarpa) are the
dom i nant tree spe cies, occur ring in
pure and mixed stands at ecozone
tran si tional areas. The study area is
also in one of the high est water-yield -
ing regions of Alberta, with mean
annual pre cip i ta tion (2004 to 2007)
across the seven water sheds of

1060 mm (range: 630–1720 mm)
(Table 1). The major ity (50 to 70%) of
total annual pre cip i ta tion falls as snow
from Octo ber to April. 
The streamflow regime is
snowmelt-dom i nated with peak
streamflow usu ally occur ring dur ing

the period of snowpack melt in mid to 
late May. The region also receives sig -
nif i cant early- and mid-sum mer rains,
which can pro duce large flow events.
This dis tin guishes this region from 
Brit ish Colum bia’s East Kootenays,
where both sum mer pre cip i ta tion and
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Table 1. Annual precipitation (mm) in the study watersheds during 2004-2007

Water shed Year
2004 2005 2006 2007 Mean

Unburned (Ref er ence)

Star 1138 1182 737 699 939

North York 1390 1460 1007 1056 1228

Burned

South York 1227 1471 1203 1185 1271

Lynx 1351 1717 1025 1079 1293

Drum 740 1177 782 631 832

Burned and Sal vage Logged

Lyons East - 1111 996 668 925

Lyons West - 1084 1039 655 926

Fig ure 2. South ern Rock ies Water shed Pro ject map with the 2003 Lost Creek wild fire bound ary, 
mete o ro log i cal stations, streamflow gaug ing sta tions, and study water sheds (From West to
East: Star, North York, South York, Lynx, Lyons West, Lyons East, and Drum Creeks).

Continued on page 4



sum mer baseflows are lower. While the 
study area is geo graph i cally close to
the East Kootenay region, sub tle dif fer -
ences in cli mate pro duce impor tant
dif fer ences in regional hydrol ogy. Both 
regions expe ri ence their low est
streamflows in August. 
Streamflow is mon i tored con tin u ously
in all water sheds with pres sure trans -
duc ers and gas bubblers that use
stage-dis charge rela tion ships at nat u ral 
con trol sec tions. In addi tion to the
seven main study catch ments, six
nested sub-water sheds are gauged
within the two ref er ence water sheds.
Mean annual streamflow across all
seven water sheds dur ing the study
period ranged from 380 to 1250
mm/year. The ground wa ter hydrau lic
gra di ents are strong through out the
study area, because of the steep phys i -
og ra phy. Mean area-weighted
catch ment slopes range from 24.8 to

4 Streamline Watershed Management Bulletin  Vol. 12/No. 2 Spring 2009

Fig ure 3. A com par i son of the mean total sus pended sed i ment con cen tra tion (mg/l) fol low ing
the 2003 Lost Creek wildfire between ref er ence, burned, and post-fire sal vage-logged
water sheds from 2004 to 2007 (adapted from Silins et al. 2009). Bars indi cate the stan dard
error of the mean.

Fig ure 4. Streambank slump ing in Lyons Creek East 2005 (1 year after the fire).
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48.8%. Qual i ta tively, it is evi dent that
ground wa ter con tri bu tions are sig nif i -
cant for all study streams. Given this
con tri bu tion, sur face streams gen er ally 
flow all year, allow ing year-round
mon i tor ing of the 13 hydrometric
gaug ing sta tions. 
In addi tion to base line mon i tor ing of
cli ma tic vari ables and stream dis -
charge, insights into the impacts of
wild fire on pre cip i ta tion inputs to the
burned land scape are pro vided by
annual snowpack sur veys and mea -
sure ments of rain fall inter cep tion
(throughfall and stemflow) in burned
and ref er ence stands. 
Water qual ity mon i tor ing is ongo ing in 
each of the seven water sheds using a
com pre hen sive four-stage sam pling
approach. 
1. Water tem per a ture, dis solved

oxy gen (DO), elec tri cal
con duc tiv ity, pH, redox poten tial
(ORP), tur bid ity, and salinity are
mon i tored con tin u ously dur ing
ice-free peri ods using auto mated
water qual ity Sondes (YSI
6820/6920). 

2. Daily water sam ples are col lected
for sed i ment con cen tra tion and
tur bid ity using auto mated sam plers 
(ISCO 6712 Series) dur ing the
ice-free period from May to
Sep tem ber. 

3. Rou tine sam pling for nutri ents and
major cat ions/anions is con ducted
every 10 days dur ing snowmelt
freshet, every 14 days after the
freshet (i.e., ice-free peri ods), and
every 1 to 2 months dur ing win ter.
Anal y ses include total nitro gen
(TN), total dis solved nitro gen
(TDN), ammo nium (NH4

+), nitrate
(NO3

–), total phos pho rus (TP), total
dis solved phos pho rus (TDP),
sol u ble reac tive phos pho rus (SRP),
potas sium (K+), sul phate (SO4

–),
cal cium (Ca2+), mag ne sium (Mg2+),
sodium (Na+), iron (Fe2+), alu mi num 
(Al3+), chlo ride (Cl–), sil ica, dis solved 
organic car bon (DOC), and
dis solved and sus pended sol ids.

4. Sam pling for a full-suite met als
anal y sis (US EPA met als) occurs two 
to three times each year under a
range of flow con di tions
(snowmelt, stormflow, and
baseflows). Oxy gen iso tope

sam ples from pre cip i ta tion and
sur face streams are also col lected in 
all seven water sheds through out
the study. These sam ples may be
used to pro vide insight into the
rel a tive sur face/ground wa ter
com po nents that con trib ute to
over all streamflow.

Eco log i cal responses to wild fire and
post-fire sal vage log ging are being
assessed through stud ies of stream
algal growth and ben thic
macroinvertebrate com mu nity
response. Algal pro duc tion is mea -
sured in all water sheds by peri odic
sam pling from arti fi cial streambed
sub strates (rep li cate unglazed por ce -
lain tiles). Sam ples are col lected

monthly (May to Octo ber) for
fluorometric anal y sis of chlo ro phyll a
(Chla) and deter mi na tion of ash free
dry mass (AFDM). 
Sam ples of ben thic macroinvertebrates 
are col lected (Surber sam pler) and
iden ti fied to the low est pos si ble tax o -
nomic group ing (usu ally fam ily) and
assigned to a func tional feed ing group 
(fil terer, shred der, scraper, or pred a -
tor). Sta ble iso tope anal y sis (SIA) is
then con ducted for car bon (d13C) and
nitro gen (d15N) to pro vide an indi ca -
tion of the over all stream eco sys tem
response to dis tur bance (wild fire and
sal vage log ging) and evi dence of
changes in the struc ture of stream
food webs (autochthonous ver sus
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Fig ure 5. Mean total nitro gen (TN) and total phos pho rus (TP) con cen tra tions (µg/l) fol low ing
the 2003 Lost Creek wild fire in ref er ence, burned, and post-fire sal vage-logged water sheds
from 2004 to 2007 (adapted from Bladon et al. 2008 and Silins et al. in review). Bars indi cate
the stan dard error of the mean.
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allocthonous food sources) between
the water sheds. 

Water Qual ity Response
Only selected water qual ity param e ters 
are pre sented here due to the large
num ber of chem i cal water qual ity
param e ters mea sured in this study.
Total sus pended sed i ment (TSS) con -
cen tra tion was strongly affected by
both the wild fire and sal vage log ging,
and the mag ni tude of these effects
var ied with time after the wild fire (Fig -
ure 3). TSS con cen tra tions across the 4 
post-fire years were eight times greater 
in the burned and nine times greater
in the sal vage-logged water sheds
com pared to the ref er ence water sheds 
(Silins et al. 2009). While the results
for dis turbed water sheds were sig nif i -
cantly dif fer ent than results for the
ref er ence water sheds, there were no
dif fer ences in mean TSS con cen tra -
tions between burned and post-fire
sal vage-logged water sheds dur ing this
same period. The larg est dif fer ences in 
sed i ment pro duc tion between undis -
turbed and dis turbed land scapes were
observed dur ing both the snowmelt
freshet and peri odic stormflows. The
range of sed i ment con cen tra tion and
pro duc tion in burned water sheds was
6 to 15 times greater than in ref er ence 
water sheds dur ing higher flows
(snowmelt freshet and stormflows).
The addi tional dis tur bance from
post-fire sal vage log ging pro duced
con sid er ably more sed i ment dur ing
these same events, with a range of 17
to 42 times greater sed i ment con cen -
tra tions than in the ref er ence
water sheds. While high TSS tended to
coin cide with high flow events, dif fer -
ences between the ref er ence and
dis turbed water sheds were still evi dent 
dur ing baseflow peri ods (non-event). 
Trends in TSS pro duc tion over the first
4 years post-wild fire might sug gest
sig nif i cant recov ery of sed i ment pro -
duc tion dur ing that period; how ever,
this appar ent recov ery trend is con -
founded by cli mate vari a tion over the
same period. Sum mer 2004 was gen -
er ally moist, while sum mer 2005 was
very wet, fol lowed by two increas ingly 
dry years in 2006 and 2007. Even dur -
ing the very dry sum mer of 2007, sed -
i ment pro duc tion remained ele vated
in dis turbed water sheds—pre sum ably

due to the accu mu la tion of sig nif i cant
chan nel sed i ment after the fire. While
addi tional data (2008 and onward)
will help to clar ify these sig nals, sig nif i -
cant exist ing stream bank fail ures 
(Fig ure 4) and new sed i ment sources
sug gest that the decrease in sed i ment
pro duc tion in the dis turbed water -
sheds to con cen tra tions sim i lar to
what has been observed in the ref er -
ence water sheds will be slow. 
The high-ele va tion Rocky Moun tain
head wa ter streams of the SRWP study
area are gen er ally oligotrophic or
nutri ent poor. How ever, dur ing the
first post-fire year, con cen tra tions of
the var i ous forms of nitro gen (N) were 
1.5 to 6.5 times higher in burned
streams. Mean total N con cen tra tion
was 5.3 times higher (Fig ure 5) com -
pared to the ref er ence streams the first 
year after the fire (Bladon et al. 2008).
Nitro gen pro duc tion and its rela tion -

ship with stream dis charge indi cated
very rapid recov ery in the burned
water sheds, with almost full recov ery 
3 years after the wild fire (Bladon et al.
2008). How ever, recov ery of nitro gen
pro duc tion was some what slower in
the sal vage-logged water sheds, with
ele vated con cen tra tions still evi dent 4
years after the wild fire.
Sim i lar to N, con cen tra tions of all
forms of phos pho rus (P) were greater
in the burned streams com pared to
the ref er ence streams in the first
post-fire year (2004) (Silins et al., in
review). From 2005 to 2007, the gen -
eral trend was greater con cen tra tions
of all P forms in the post-fire

sal vage-logged streams, fol lowed by
con cen tra tions in the burned streams.
How ever, unlike the pat tern of
post-dis tur bance recov ery in nitro gen
and other water qual ity param e ters,
return of P con cen tra tions in the dis -
turbed water sheds (both burned and
sal vage-logged) to val ues sim i lar to
the con trol water sheds has been very
slow. This is likely due to the strong
inter ac tions (sorp tion/desorption) of P
with sed i ments and, thus, recov ery of
P is likely linked to the post-fire stream
sed i ment load ing and recov ery of sed i -
ment pro duc tion.

Eco log i cal Response
Ele vated nutri ent pro duc tion after
both wild fire and post-fire sal vage log -
ging has had a sig nif i cant impact on
stream ecol ogy, and may have been
inten si fied because undis turbed
streams in this region are gen er ally

nutri ent poor. Pri mary pro duc -
tiv ity (algal pro duc tion)
increased dra mat i cally imme di -
ately after the fire and remains
ele vated in the burned and
post-fire sal vage-logged water -
sheds. Mean annual algal
bio mass ranged from 7.2 to
14.3 times higher and chlo ro -
phyll a con cen tra tion was 17.4
to 71 times higher in the
burned streams com pared to
the ref er ence streams (Silins et
al., in review). Four years after
the fire, algal bio mass was still
9.8 times greater in the burned 
streams and 11.1 times higher
in the sal vage-logged streams
com pared to the ref er ence
streams. Dif fer ences in nutri ent 

inputs and algal pro duc tion have pro -
duced greater abun dance and
diver sity of spe cies in the ben thic
macroinvertebrate com mu ni ties in
both burned and sal vage-logged
streams com pared to the ref er ence
streams. Scrap ers (pri mar ily
Ephemeroptera) were the dom i nant
func tional feed ing group in ref er ence
streams, while there was a more even
dis tri bu tion of pred a tors, shred ders,
and scrap ers in the burned streams.
The increase in spe cies diver sity in dis -
turbed streams gen er ally reflected the
influx of addi tional dis tur bance-
adapted strat e gists or trophic gen er a -
list spe cies. 
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Fig ure 6. High post-wild fire algal pro duc tion in Lynx
Creek in sum mer of 2007 (4 years after the wild fire). 
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Down stream Impli ca tions
For ested head wa ter areas are an
impor tant water sup ply source in
south ern Alberta, as they are in most
parts of the coun try. Thus, while
impacts to source water qual ity can
affect a broad range of water uses,
eval u at ing down stream impacts is
often chal leng ing because of widely
dif fer ing require ments for down stream 
users (e.g., drink ing water, stockwater, 
and indus trial pro cess water). How -
ever, down stream impacts of upstream 
dis tur bance can be eval u ated by focus -
ing on par tic u lar water uses. For
exam ple, oper at ing down stream
munic i pal drink ing water util i ties can
become more dif fi cult and costly after
upstream dis tur bances from wild fire.
The ele vated con cen tra tions of sev eral
water qual ity param e ters observed in
the SRWP study of burned and sal -
vage-logged water sheds (tur bid ity,
sus pended sol ids, dis solved organic
car bon, etc.) could poten tially result in 
increased chem i cal coag u lant
demand, sludge pro duc tion, and dis -
in fec tion require ments for accept able
drink ing water treat ment (Emelko et
al. 2009). In most cases, regard less of
the spe cific tech nol ogy use and/or the
required plant size/pro duc tion capac -
ity, the treat ment costs would need to
increase to meet reg u la tory require -
ments. Addi tional pub lic health
con cerns aris ing from wild fire-asso ci -
ated water qual ity changes include
increases in microcystins (micro bial
tox ins) and dis in fec tion by-prod ucts,
which are poten tially harm ful to
human health. Thus, dra matic changes 
in source water qual ity can have sig nif -
i cant cost, com pli ance, and pub lic
health impli ca tions for down stream
munic i pal water use (Emelko et al.
2009) 
In future research at SRWP, we plan to
address numer ous crit i cal ques tions
around what proactive mea sures can
be taken to pro tect source water sup -
plies and the treat ment pro cess
per for mance from the del e te ri ous
impacts of dis tur bance. Eval u at ing the
crit i cal vul ner a bil i ties within source
water sheds and treat ment pro cesses
will pro vide the oppor tu nity for
research ers to develop adap tive strat e -
gies that improve the flex i bil ity and
resil iency of drink ing water treat ment
sys tems.

Pro vid ing Knowl edge
To date, SRWP has pro vided basic
infor ma tion that was pre vi ously lack -
ing on the impacts of wild fire and
post-burn sal vage log ging on a broad
range of “water shed val ues.” These
include the strong ini tial effects on
water qual ity param e ters, which can
have eco log i cal effects on pri mary and 
sec ond ary pro duc ers. As expected,
strongly dif fer en tial pat terns in early
recov ery have been observed among
indi vid ual water qual ity param e ters.
While sal vage log ging did have small
to mod er ate addi tional effects on
water qual ity, the more impor tant
incre men tal impacts of this sec ond ary
dis tur bance may be related to slower
rates of post-dis tur bance recov ery
because of sed i ment–nutri ent
inter ac tions. 
For est man ag ers require this type of
infor ma tion when mak ing deci sions
about fire sup pres sion pri or i ties in crit i -
cal source water regions or about
post-fire man age ment inter ven tions
such as sal vage log ging. Knowl edge of 
the incre men tal effects of sal vage log -
ging on a range of water shed val ues is
impor tant in eval u at ing the resource
trade-offs that accom pany such
deci sions.
In the next phase of this pro ject, the
com par a tive effect of sev eral har vest -
ing strat e gies (includ ing patch cut ting
and com mer cial thin ning) will be stud -
ied in a paired catch ment study using
the two ref er ence water sheds. The
pre vi ous 5 years of study of these two
water sheds for cli mate, dis charge, and 
water qual ity param e ters will form the
pre-treat ment cal i bra tion period for
the upcom ing paired basin study.
Mon i tor ing of burned and sal -
vage-logged water sheds will con tinue
to describe the tra jec tory of post-dis -
tur bance recov ery of water qual ity
param e ters that have not recov ered
dur ing the first phase of the research.
This knowl edge will con tinue to fill
infor ma tion gaps so that informed
deci sions may be made to improve
water man age ment prac tices and
ensure a healthy envi ron ment in west -
ern Can ada. 
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Peer-reviewed Techniques Article

Com par i son of Field
Tech niques for Mea sur ing
Snow Den sity at a Point
Sarah Boon, Reed Davis, Kevin Bladon, and Michael Wag ner 

Intro duc tion
Field mea sure ments form the basis of
snow data from west ern North Amer -
ica, where moun tain ous topog ra phy
often makes acquir ing remote data
prob lem atic. Field data are used to
deter mine peak snow water equiv a -
lent, assess flood haz ard level, pre dict
water sup ply, and ground-truth
remotely acquired val ues of snow
depth, snow den sity, and snow water
equiv a lent (SWE). Mea sur ing and
under stand ing snow pro cesses require
meth ods that are known to be accu -
rate and reli able over a range of
con di tions. How ever, few stud ies have

eval u ated the accu racy and com pa ra -
bil ity of field-based snow-sam pling
meth ods (e.g., Goodison 1978; Woo
1997). While pre vi ous stud ies have
focused mainly on long-term, unat -
tended instal la tions such as snow
pil lows or weigh ing lysimeters (e.g.,
Lundberg and Halldin 2001), this
study focused on man ual point mea -
sure ments of snow den sity. 
Point snow mea sure ments are often
col lected using snow tubes (e.g., Fed -
eral, Adirondack, ESC) to obtain
depth, bulk den sity, and SWE mea -
sure ments. How ever, detailed snow
pro files can also be sam pled using a

com bi na tion of handheld den sity cut -
ters and visual anal y sis to pro vide
high-res o lu tion data of ver ti cal vari a -
tions in snow den sity, crys tal struc ture, 
and SWE.
This pilot study assessed the accu racy
of both handheld den sity cut ters
(Snowmetrics and SnowHydro) and
snow tube (Fed eral) tech niques by
com par ing each method to a con trol
sam ple. Mea sure ments from both an
open and a shel tered sub al pine stand
were used to assess the suit abil ity of
each tech nique given known
snowpack het er o ge ne ity over small
spatial scales (e.g., Sturm and Benson
2004). Based on these results, this arti -
cle offers rec om men da tions on the
most appro pri ate field appli ca tion of
each mea sure ment type. 

Study Area
This research is part of the South ern
Rock ies Water shed Pro ject (SRWP;
Silins and Wag ner 2007). Field sam -
pling was con ducted on Feb ru ary 23,
2008 in the Crowsnest Pass, Alberta
(49°33.8’ N, 114°33.1’ W; 1900 m
above sea level; Fig ure 1), in a for ested 
area dom i nated by sub al pine fir (Abies
lasiocarpa) and Engelmann spruce
(Picea engelmannii). Aver age annual
snow water equiv a lent in these
high-ele va tion head wa ter bas ins is
approx i mately 400 mm. The region is
typ i cal of the Rocky Moun tain alpine
con ti nen tal cli mate, with extreme
tem per a tures and high pre cip i ta tion
vari abil ity due to dry/warm win ter chi -
nook winds (Barry and Chorley 1998).
These winds result in freeze–thaw
cycles that pro duce crusts, ice lay ers,
and other crys tal line changes within
the snowpack (McKay and Gray
1981). 

Meth ods
World Mete o ro log i cal Orga ni za tion
(1994) stan dards were ref er enced
when select ing sam ple sites, as they
form the basis for inter na tional hydro -
meteoro logi cal data col lec tion
pro to cols. Snow mea sure ments at
open sites are to be col lected in areas
with good wind pro tec tion, and at for -
ested sites in open ings suf fi ciently
large enough for snow to reach the
ground with out being affected by can -
opy inter cep tion. Based on these
rec om men da tions, sam ples were
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Fig ure 1. Study site loca tion in the Crowsnest Pass, Alberta. The basin in which the sam ple sites 
are located is within 2 km of the Brit ish Colum bia bor der and is delin eated by the white line.



extracted from a snow pit in an open
area with wind pro tec tion (Fig ure 2a;
open ing diam e ter > one tree height),
and from a shel tered open ing within
the for est (Fig ure 2b; open ing diam e -
ter < one tree height). These loca tions
were selected to max i mize for est cover 
dif fer ences and to
reduce top o graphic
vari abil ity by locat ing
the sites within 50 m of
one another at equiv a -
lent slope posi tions. 
This study focused on
snow den sity mea sure -
ments which, when
com bined with snow
depth, are used to cal -
cu late SWE. The
fol low ing instru ments
were tested:
1. A 100-cm3 den sity

cut ter man u fac tured 
from spot welded
stain less steel by Snow-Hydro
(Alaska)

2. A 250-cm3 and a 1000-cm3 (20 and 
16 gauge, respec tively) stain less
steel den sity cut ter with fully
welded seams, man u fac tured by
SnowMetrics (Col o rado) 

3. A stan dard Fed eral snow tube,
man u fac tured by Car pen ter
Machine Works (Seat tle) (Fig ure 3)

Weather con di tions on the day of sam -
ple col lec tion were sunny and clear,
with air tem per a ture approx i mately
5ºC. Each pit took four field per son nel
an aver age of five hours to com plete,
includ ing dig ging the pit, and col lect -
ing and weigh ing sam ples.
At each pit, a trench was dug from the 
snow sur face to the ground, and a
trowel was used to clean the south-
fac ing pit face prior to sam pling. This
face was selected to pro vide max i mum 
light to show lay ers and crys tal struc -
ture. Flat tongue depres sors served as
mark ers between layer bound aries,
pro vid ing an over all assess ment of
snowpack struc ture. A grad u ated
240-cm ava lanche probe was placed
against the snow pit face to mea sure
layer thick ness, with the zero marker
at the snow-ground inter face. 
For the con trol mea sure ment, a snow
col umn of known vol ume (15 x 15 cm 
x snow depth cm) was col lected in

each pit using a rope saw (shel tered)
or a knife (open). Each col umn was
divided into smaller pieces and placed
in num bered, sealed plas tic bags for
weigh ing. The accu racy of the con trol
mea sure ment was a func tion of the
fre quency with which the dimen sions

of the col umn top were mea sured.
While it was dif fi cult to main tain abso -
lute col umn dimen sions dur ing
cut ting, which results in poten tially
over/under es ti mat ing den sity, the
advan tage of this method was that it
incor po rated all snow within a spe cific
vol ume and was unaf fected by edge
effects or sam pler size. How ever, given 
the time required and the vol ume of
snow col lected, this method is imprac -
ti cal in rou tine sam pling. Com par i son
of sam pler results with those from the
con trol vol ume pro vided a rel a tive
mea sure of error. 

Within each pit, snow sam ples were
col lected from the pit base to the
snow sur face using each den sity cut -
ter, cre at ing a ver ti cal snow-den sity
pro file (Fig ure 4). The 100-cm3 cut ter
was inserted with the cut ting edge
par al lel to the snow lay ers. Once fully
inserted, the instru ment was moved
gently from side to side to sep a rate
the snow sam ple from the snowpack.
The cut ter was then removed from the 
pack and a cut ting square laid over it
to extract exactly 100 cm3 of snow.
The 250- and 1000-cm3 instru ments
were inserted into the pack with the
cut ting sur face per pen dic u lar to the
snow lay ers. Once the cut ter was fully
inserted, a metal lid was inserted par -
al lel to the top of the cut ter, cap tur ing 
the snow within the cut ter. Each

den sity sam ple was placed in a num -
bered, sealed bag for weigh ing. 

Three snow cores were extracted
approx i mately 30 cm behind each
snow-pit face, using the stan dard Fed -
eral snow tube (BC Min is try of
Envi ron ment 1981). Snow depth and
height of the snow col umn in the tube 
were recorded. After remov ing the soil 
plug from the base of the core and
record ing its length, the sam ple snow
core was placed into num bered,
sealed plas tic bags for weigh ing. 

All sam ples were weighed in the field
using cal i brated dig i tal scales (Ohaus
200 ± 0.1 g for den sity cut ter sam ples, 
or 2000 ± 1 g for snow tube and con -
trol vol ume sam ples). Empty bags
were weighed in the lab. The weight
of each sam ple was cal cu lated by sub -
tract ing the num bered bag weight
from the weight of both the bag and
sam ple. Den sity was cal cu lated by
divid ing the sam ple weight by the
sam pler vol ume.

Results
The snowpack in the open pit was
205 cm deep and con tained 15 lay ers. 
Ice lay ers were found at 10 and 40 cm 
above the ground sur face (8 and 3 cm 
thick, respec tively) and at the snow pit 
sur face (1 cm thick). Depth hoar
devel op ment was observed at the base 
of the snowpack, 5–10 cm above the
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Fig ure 2. Open (a) and shel tered (b) pit loca tions.
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ground sur face. The snowpack in the
shel tered pit was 180 cm deep and con -
tained nine lay ers. Ice lay ers 5 cm thick
were observed directly at the ground
sur face, at 75 cm above the ground,
and at the snow sur face. A 5 cm thick
layer of depth hoar was observed
directly above the basal ice layer. 

Given the dimen sions of each den sity
cut ter, a greater num ber of sam ples was 
col lected with the 100-cm3 cut ter
(n = 60 and 50 in the open and shel -
tered pits, respec tively) than with the
250- and 1000-cm3 cut ters (n = 20 and
19, respec tively, in both pits). 

Error in the con trol col umn mea sure -
ment is esti mated as ± 6%, based on an
aver age 3.8 cm2 devi a tion in the sur face 
area of the col umn with depth. Aver age
den sity cal cu lated from each ver ti cal
pro file was great est in the shel tered pit
(Fig ure 5). All mea sure ment tech niques
under es ti mated the aver age den sity of
the con trol col umn in each pit. The

aver age den sity of the 250-cm3 pro -
file was clos est to that of the con trol
col umn, and had the low est rel a tive
per cent error in both the open and
shel tered pit (Table 1). The 100-cm3

cut ter had the great est rel a tive per -
cent error in the shel tered pit, and
the 1000-cm3 cut ter had the great -

est rel a tive per cent error
in the open pit.

Diver gence between 
den sity pro files was
observed between the
250-cm3 cut ter and the
100/1000-cm3 cut ters in
both pits, par tic u larly in
the shel tered pit (Fig ure
6). In the open pit, ver ti cal 
den sity pro files fell within
a rel a tively nar row range,
with only two sam ples
from the 250-cm3 cut ter
notice ably beyond that
range. In the shel tered pit, 

how ever, vari abil ity between pro files
was much more pro nounced and
the range of den sity val ues was
much greater. At sev eral lev els within 
the snowpack, the range in den sity
val ues mea sured by each cut ter was
greater than 200 kg/m3.

Dis cus sion
Den sity dif fer ences between the
open and shel tered snowpack may
have been driven by sev eral fac tors.
Can opy drip can form higher den sity 
ice lay ers within the snowpack,
increas ing snow den sity in shel tered
loca tions (Kershaw 1991; Bründl et
al. 1999). Snow-den sity vari abil ity in

the shel tered pit may also have been a 
func tion of the prox im ity of the sur -
round ing trees. Ice lenses sam pled in
one pro file were not pres ent in adja -
cent pro files depend ing on prox im ity
to the tree crown edge; thus, the pro -
file in which ice lay ers were not
pres ent had a lower aver age den sity.
The result ing spa tial het er o ge ne ity in
snowpack den sity meant that den sity
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Fig ure 3. Photograph (a) shows 100- and 33-cm3 (not used in this study) den sity cut ters;
pho to graph (b) shows 1000- and 250-cm3 den sity cut ters; and, pho to graph (c) a Fed eral snow 
tube.

Fig ure 4. Sam pling pat tern for 100-, 250-, and 1000-cm3

cut ter den sity pro files (left to right).

Table 1.  Rel a tive per cent er ror in the
den sity mea sure ment of each snow sam pler
ver sus the con trol col umn

Instrument Open (%) Sheltered (%)

100 cm3 –7.6 –17.2

250 cm3 –4.3 –4.8

1000 cm3 –9.9 –11.1

Snow tube –5.9 –11.8

Continued from page 9
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pro files sam pled in each pit did not
rep re sent iden ti cal con di tions. How -
ever, com par i sons can be drawn
between sam plers at loca tions where
sim i lar crys tal struc ture is observed
between pro files. Field obser va tions of
sam pler per for mance within each pro -
file can also be used to deter mine the
util ity of each under vary ing pit con di -
tions. Spa tial snowpack
het er o ge ne ity, in com bi -
na tion with errors in
con trol col umn col lec tion,
also increases the dif fi -
cultly in assess ing abso lute 
dif fer ences in sam pler
accu racy. How ever, rel a -
tive dif fer ences can be
addressed. 

The 100-cm3 cut ter had
dif fi culty sam pling ice lay -
ers given its small size and
thin metal con struc tion,
thus underestimating
snow den sity in the shel -
tered snowpack. The
larger sam plers, how ever,
had no trou ble sam pling
ice lay ers. In some cases,
den sity sam ples con tained
air pock ets where snow
broke off dur ing the
extrac tion pro cess—depth 
hoar in par tic u lar lacked
cohe sion to fill the cut ters. 
Sam ples with air pock ets were
resampled imme di ately, as loss of
snow from a sam ple would under es ti -
mate snowpack den sity.

The den sity cut ters were dif fi cult to
manoeuvre at the base of the snow pit 
as the cut ting edge caught either on
the ground sur face or on the basal ice
layer. Snow also adhered to the cut ters 
as a result of sun light or warm hands,
melt ing and refreezing to the steel and 
poten tially decreas ing den sity mea -
sure ments. Addi tion ally, the lid of the
250- and 1000-cm3 cut ters was in
some cases dif fi cult to insert flush with 
the cut ter, thus sam ples may have
con tained more than the defined vol -
ume. Out li ers in the open and
shel tered den sity pro files (Fig ure 6)
may there fore be the result of air
pock ets (den sity under es ti mated) or
oversampling (den sity over es ti mated). 

While some of these errors can be
min i mized by fol low ing care ful field

pro ce dures, under- and over-sam pling
prob lems are more dif fi cult to avoid.
Addi tion ally, if a less accu rate den sity
cut ter is used (e.g., 1000 cm3), a
larger sam ple set must be col lected to
over come the effect of mea sure ment
error (Winkler and Spittlehouse 1995),
thereby increas ing the sam pling time
required.

Pre vi ous stud ies have found that the
Fed eral snow tube has an approx i mate 
10% error (Farnes et al. 1982). Com -
par i son of the open and shel tered
snow tube sam ples with the con trol
col umns gives 5.9% and 11.8% error,
respec tively. The open pit was thus
within the pre vi ously reported error
bounds, while the shel tered pit slightly 
exceeded it. While snow tubes often
have greater per cent error in shal low
snow cover (Work et al. 1965), in deep 
snowpacks, such as those at the SRWP
study site, the Fed eral snow tube con -
tin ues to be an appro pri ate method
for mea sur ing snow den sity. 

Con clu sion
The 250-cm3 cut ter is best suited for
mea sur ing den sity pro files in deep
snowpacks, as it cap tures some vari a -
tion between snow lay ers while also
main tain ing the low est rel a tive per cent 
error ver sus the con trol vol ume in
both pits, and can also cut through ice 

lay ers. Unfor tu nately, the 100-cm3 cut -
ter can not sam ple ice lay ers, and
requires three times the num ber of
sam ples when com pared with the
250- or 1000-cm3 cut ters. This makes
it more use ful in shal low, ice-free
snowpacks. The 1000-cm3 cut ter
requires the great est care to pre vent
oversampling, but could be most use -

ful for incor po rat ing high
snowpack het er o ge ne ity into 
a larger vol ume sam ple.
Since the ver ti cal dimen sions 
of the 250- and 1000-cm3

cut ters are iden ti cal, the
same time will be required
to col lect a com plete sam ple 
set. Rel a tive to the snow
tube, cut ters are smaller,
lighter, and less cum ber some 
to trans port, but require
more time and energy to
col lect mea sure ments and
can not effi ciently col lect spa -
tially dis trib uted sam ples.
While increas ing the num ber 
of snow-pit pro files exam -
ined with cut ters would be
expected to reduce the
error, the time require ments
for this type of sam pling
effort are most likely to be
pro hib i tive. For a 2-m
snowpack, a snow tube sam -
ple requires 2 to 5 min utes
per sam ple site, while the

den sity cut ters require upwards of 45
min utes. The snow tube is the pre -
ferred method for extract ing aver age
den sity, or mea sur ing spa tial vari abil ity 
in SWE, as error in indi vid ual mea sure -
ments can be aver aged over a larger
num ber of mea sure ments. It is also
most use ful when a large num ber of
sam ples are required (e.g., when esti -
mat ing dif fer ences between stand
types or treat ments). In sit u a tions
where a detailed den sity pro file is
desired, how ever, the den sity cut ters
are rec om mended.

It is impor tant to note that the spe cific 
data require ments of each snow sam -
pling study will deter mine which point 
snow mea sure ment tech nique is
selected. For spa tially dis trib uted esti -
mates of max i mum SWE required for
flood fore cast ing or water avail abil ity,
the snow tube is most appro pri ate
given the speed and accu racy of sam -
pling over large areas. For pro cess-
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Fig ure 5. Aver age snow-pit den sity from each mea sure ment tech nique.
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based stud ies, detailed infor ma tion on
den sity pro files is often desir able to
assess snowpack pro cesses and to val i -
date out put from remote sens ing
plat forms that can be affected by
inter nal snowpack stra tig ra phy. In
these sit u a tions, the 250-cm3 cut ter is
rec om mended due to its low rel a tive
error, and its ease of use in deep
snowpacks with inter nal ice lay ers. The 
100-cm3 cut ter has slightly lower rel a -
tive error than the 250-cm3, and can
be effec tive in shal low snowpacks
with out ice lay ers, where the greater
time invest ment for sam ple col lec tion
and the inabil ity to sam ple ice lay ers
are less of a prob lem. The 1000-cm3

cut ter is dif fi cult to manoeuvre and
most likely to oversample, but could
be use ful when sam pling a deep,
snowpack where larger sam ple vol -
umes are required to over come
snowpack het er o ge ne ity.
This research is being expanded to
assess the util ity of each mea sure ment
tech nique at dif fer ent times of year
and with vary ing ele va tion, aspect,
and veg e ta tion cover, and to assess
the accu racy of var i ous meth ods of
con trol col umn sam pling. This will
help iden tify the opti mal mea sure ment 
tech nique to apply over a range of
real-world con di tions.
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Fig ure 6. Ver ti cal den sity pro file in the open (a) and shel tered (b) snow pits. Zero cm is the snow-ground inter face. The shaded bar indi cates an
ice layer and the white bar indi cates depth hoar layer.
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Infor ma tion Note

Brit ish Colum bia Ter rain,
Soil, and Eco sys tem
Map ping Data bases Now
Avail able Online

Deepa Filatow and Maija Finvers

Intro duc tion
Do you ever need to know the loca -
tion or extent of sen si tive soils? Of
ripar ian or wet land zones? Of areas of
poten tial slope insta bil ity? Or of areas
of very thin mate ri als over rock? What
about find ing where there are poten -
tial erod ible soils as sources of stream
sed i ments? Or poten tial sources of
aggre gates for road build ing? Or
poten tial hab i tat for bur row ing
spe cies? 
Ter rain and Eco sys tem Map ping inven -
to ries can be used to answer these
ques tions. Other infor ma tion that may 
be derived from ter rain and ter res trial
eco sys tem data include:

l Ero sion poten tial 
l Dom i nant surficial mate ri als 
l Slope sta bil ity
l Areas of thick or very thin surficial

mate ri als 
l Eco sys tem/mate rial pres ence 
l Sen si tive eco sys tems
l Struc tural stage
l Eco log i cal con di tion
l Wild life hab i tat
l Dom i nant eco sys tems  

This arti cle pro vides an intro duc tion to 
the datasets avail able and dis cusses
how to access this data.

Descrip tion of Map ping
Pro ject Types
Ter rain Map ping (TER) pro vides infor -
ma tion on the clas si fi ca tion and
dis tri bu tion of surficial mate ri als (the
uncon sol i dated sed i ments on top of

bed rock), land forms (the sur face
expres sion or three-dimen sional shape 
of surficial mate ri als), and
geomorphological pro cesses (the
mech a nisms that con tinue to deposit
and mod ify surficial mate ri als). Ter rain
map ping is com pleted using air photo
(or dig i tal earth image) inter pre ta tion,
usu ally with field check ing. There are
three com mon types of ter rain maps: 
ter rain inven tory, ter rain sta bil ity, and
bioterrain. Each con tains basic ter rain

infor ma tion, while the lat ter two con -
tain addi tional attrib utes and focus on  
slope sta bil ity and ecol ogy respec -
tively. Fig ure 1 shows the extent of
ter rain data (in GIS for mat) avail able
from the BC Min is try of Envi ron ment
(MOE) by request to soilterrain@
victoria1.gov.bc.ca or via self-serve data 
dis cov ery and down load from the
Land and Resource Data Ware house
(LRDW). (See Table 2 next page for
websites and con tact infor ma tion for
all datasets dis cussed.) 
Soil map ping pro vides infor ma tion on
the clas si fi ca tion and dis tri bu tion of
soil types. It shows the spa tial dis tri bu -
tion of soil asso ci a tions—group ings of
soils with the same par ent mate rial, cli -
mate, and dom i nant veg e ta tion that
occur as repeated pat terns in the land -
scape. Soil is the nat u rally occur ring,
uncon sol i dated min eral or organic
mate ri als at the sur face of the earth
which is capa ble of sup port ing plant
growth. Unique soil types form as a
result of surficial mate rial, biota, cli -
mate, topog ra phy, and time. As with
ter rain map ping, soil map ping is based 
on air photo (or dig i tal earth image)
inter pre ta tion with field check ing. 
Fig ure 2 shows the extent of the 
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Fig ure 1. Ter rain map ping data avail able from MOE.
Continued on page 14
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Table 2. Sources of information and contacts 

Index maps and metadata in the LRDW are avail able via: 
Eco sys tem and Ter rain Map ping Data Inven tory http://aard vark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=53599&recordSet=ISO19115

Eco sys tem and Ter rain Map ping Pro ject Bound ary Index http://aard vark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=51798&recordSet=ISO19115

Ter rain Map ping Pro ject Bound ary Index http://aard vark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=53579&recordSet=ISO19115

Ter res trial Eco sys tem Map ping Pro ject Bound ary Index http://aard vark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=53539&recordSet=ISO19115

Pre dic tive Eco sys tem Map ping Pro ject Bound ary Index http://aard vark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=53519&recordSet=ISO19115

Sen si tive Eco sys tems Inven tory Pro ject Bound ary Index http://aard vark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=53559&recordSet=ISO19115

Ter rain data:

For the MOE Ter rain home page: http://www.env.gov.bc.ca/ter rain

For infor ma tion on the types of ter rain map ping http://www.env.gov.bc.ca/ter rain/ter rain_files/types.html#terrainstability
http://www.degifs.com/pdf/TS%20Mapping%20User%20Guide.pdf

For infor ma tion on ter rain clas si fi ca tion stan dards http://www.env.gov.bc.ca/ter rain/ter rain_files/stan dards.html#terrainstds

A user guide for Ter rain Sta bil ity Map ping http://www.degifs.com/pdf/TS%20Mapping%20User%20Guide.pdf

For access to GIS and scanned map files and other sources of ter rain data http://www.env.gov.bc.ca/ter rain/ter rain_files/access.html 

Soil data:

For access to 1:50 000 scale GIS data (.gdb or shape/dbf for mats) ftp://fshftp.env.gov.bc.ca/pub/out go ing/Soil_50K_FGDB/

For access to soil sam ple site, pro file, and lab anal y sis data (BCSIS) ftp://fshftp.env.gov.bc.ca/pub/out go ing/Soil_Data/BCSIS/ 

For the MOE Soils home page, and access to scanned map files and other sources of soils data http://www.env.gov.bc.ca/soils/

For more infor ma tion on soils clas si fi ca tion stan dards visit http://www.env.gov.bc.ca/terrain/terrain_files/standards.html#soilstds

Ter res trial eco sys tem map ping, pre dic tive eco sys tem map ping and sen si tive eco sys tem inven tory data:

Ter res trial Eco sys tem Map ping (TEM), Pre dic tive Eco sys tem Map ping (PEM), and Sen si tive Eco sys tem Map ping (SEI) 
and infor ma tion on how to access data (on Ecol ogy home page) http://www.env.gov.bc.ca/ecology/

For TEM, PEM, SEI reports and data, includ ing VENUS data, on EcoCat http://www.env.gov.bc.ca/ecocat/

Other BC data: 

For Data Dis cov ery, Data Dis tri bu tion Ser vice via the Land and Resource Data Ware house (LRDW) http://aardvark.gov.bc.ca/apps/metastar/home.do 

For other BC Datasets, includ ing web-based inter ac tive map ping–GeoBC http://www.geobc.gov.bc.ca/

  For fur ther infor ma tion, please con tact the authors, via email:  soilterrain@victoria1.gov.bc.ca

Table 1. Types of ecosystem and terrain inventories
Type of
inven tory

Fea tures mapped and
clas si fied

Inven tory method and field data 
avail abil ity

Typ i cal
scale range

Data 
cur rency

Pri mary driv ers for data col lec tion 
and pri mary uses 

Ter rain 
inven tory
map ping

Ter rain = surficial mate rial,
landform, and pro cess.

Air photo inter pre ta tion and field
sur vey. Field data may be archived.

1:50 K–
250 K

1950– 1980 Gen eral pur pose inven tory for land scape 
plan ning. Back ground infor ma tion for more
detailed stud ies.

Ter rain 
sta bil ity
map ping

Ter rain, as above, and:
drain age, slope, 
sta bil ity class.
*ero sion poten tial
*poten tial for 
sed i ment deliv ery to streams
(from sur face ero sion and/or
land slides)

Air photo inter pre ta tion and field
sur vey. Field data may be included
as scanned field cards in report
appen di ces, with regional offices,
in archives, or with the map per.

1:10 K–
50 K

1980 –
pres ent

Recon nais sance map ping: Land scape-level 
plan ning to iden tify areas requir ing more
detailed study, flag ging areas that war rant on
site inves ti ga tion by a ter rain sta bil ity expert.
Detailed map ping: Plan ning, ter rain haz ard 
and con straint iden ti fi ca tion, other related 
inter pre ta tions. Detailed ter rain descrip tion can
be used to derive other infor ma tion, e.g., 
aggre gate resources, poten tial for sur face or
land slide induced sed i men ta tion to streams.

Bioterrain
map ping

Ter rain as above, with eco -
log i cal focus, and drain age 
(also delin eates other
influ ences on ecol ogy such
as aspect).

Air photo inter pre ta tion and field
sur vey. Field data cap tured using
Venus.

 – 1980–
pres ent

Used as an input to PEM and TEM.

Ter res trial
eco sys tem
map ping

Ter res trial eco sys tems = eco -
sys tem unit, site mod i fier,
struc tural stage,and
bioterrain.

Air photo inter pre ta tion and field
sur vey. Field data cap tured using
Venus.

1:10 K–
50 K

1980–
pres ent

Inter dis ci plin ary tool for a mul ti tude of resource 
land man age ment appli ca tions. Used for 
oper a tional and regional plan ning.

Pre dic tive
eco sys tem
map ping

Ter res trial eco sys tems, as
above.

Mod el ling using mul ti ple datasets.
Field data 
cap tured using Venus.

1:20 K–
50 K

1990–
pres ent

Inter dis ci plin ary tool for a mul ti tude of resource 
land man age ment appli ca tions. Used for
regional and stra te gic land scape-level plan ning.

Sen si tive 
eco sys tem
inven tory

Rare and frag ile 
ter res trial eco sys tems.

Air photo inter pre ta tion and field
sur vey. May or may not be based
on TEM.

1:20 K 1990–
pres ent

Munic i pal and regional dis trict plan ning.

Soil
map ping

Soil types: Soil asso ci a -
tions—soils with the sim i lar
age, par ent mate ri als, cli -
mate, and dom i nant
veg e ta tion.

Air photo inter pre ta tion and field
sur vey. Soil 
sam ple data stored in BCSIS.

 – 1930–
early 1990s

Land scape plan ning, basis for agri cul tural and
for est soil capa bil ity and a vari ety of suit abil ity
map ping, soil drain age, surficial mate rial 
map ping, and basis of early ver sions of 
eco sys tem map ping. 

http://www.env.gov.bc.ca/ecology/
http://www.env.gov.bc.ca/ecocat/
http://www.env.gov.bc.ca/terrain/terrain_files/standards.html#soilstds
http://aardvark.gov.bc.ca/apps/metastar/home.do
http://www.geobc.gov.bc.ca/
mailto:soilterrain@victoria1.gov.bc.ca
http://aardvark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=53599&recordSet=ISO19115
http://aardvark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=51798&recordSet=ISO19115
http://aardvark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=53559&recordSet=ISO19115
http://www.env.gov.bc.ca/terrain/terrain_files/types.html#terrainstability
http://aardvark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=53579&recordSet=ISO19115
http://aardvark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=53539&recordSet=ISO19115
http://aardvark.gov.bc.ca/apps/metastar/metadataDetail.do?recordUID=53519&recordSet=ISO19115
http://www.env.gov.bc.ca/terrain/terrain_files/access.html
ftp://fshftp.env.gov.bc.ca/pub/outgoing/Soil_50K_FGDB/
ftp://fshftp.env.gov.bc.ca/pub/outgoing/Soil_Data/BCSIS/
http://www.env.gov.bc.ca/terrain


1:50 000 soil Geo graphic Infor ma tion
Sys tems (GIS) data avail able from the
MOE. Soil sam ple site, soil pro file, and
soil lab anal y ses data are also avail able

from the BC Soil Infor ma tion Sys tem
BCSIS data base.
Eco sys tem Map ping pro vides infor ma -
tion on the clas si fi ca tion and 

dis tri bu tion of eco sys tem units (includ -
ing site series, site mod i fi ers, and struc -
tural stages). There are two basic types 
of eco sys tem map ping: Ter res trial Eco -
sys tem Map ping (TEM) and Pre dic tive
Eco sys tem Map ping (PEM). Both
approaches strat ify the land scape into
map units accord ing to a com bi na tion 
of eco log i cal fac tors (pri mar ily cli mate, 
phys i og ra phy, surficial mate rial, bed -
rock geol ogy, soil, and veg e ta tion);
how ever, there are some dif fer ences.
TEM uses man ual air photo inter pre ta -
tion sup ported by exten sive field sam -
pling to clas sify and map eco sys tems.
PEM uses exist ing infor ma tion and
knowl edge to model eco sys tems
across the land scape. Fig ures 3 and 4
show the extent of TEM and PEM data 
cur rently avail able from the MOE via
EcoCat or self-serve data dis cov ery and 
down load from the LRDW. Asso ci ated
eco sys tem field sam pling data is also
avail able from MOE via EcoCat. 

The Data 
The major ity of the ter rain, soils, and
eco sys tem map ping pro jects were
con ducted over the past 30 years, and 
MOE and pre cur sor agen cies acquired
the data from mul ti ple sources (e.g.
indus try, con sult ing firms, gov ern -
ment, and non-gov ern ment agen cies). 
Map ping data con tin ues to be col -
lected through gov ern ment-funded
inven to ries (such as the For est Invest -
ment Account), to meet gov ern ment
require ments (such as Envi ron men tal
Assess ment Office sub mis sions) and
through part ner ships (such as those
with munic i pal, regional, and fed eral 
gov ern ments and non-gov ern ment
orga ni za tions). Table 1 pro vides a
sum mary of pro ject types, meth ods of
data acqui si tion, typ i cal map scales,
data vin tage, and the pri mary driv ers
for the map ping pro jects or uses of the 
data. 

Data Man age ment
The cus to di an ship of ter rain, ter rain
sta bil ity, land slide inven tory, soil and
eco sys tem map ping, as well as ter rain, 
soils, and eco sys tem field data (includ -
ing site, soil pro file, ter rain, veg e ta -
tion, wild life, and soil lab anal y sis data) 
is cur rently the respon si bil ity of two
sub ject area experts and two infor ma -
tion spe cial ists in the Eco sys tem
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Fig ure 2. Soil map ping data avail able from MOE.

Fig ure 3. Ter res trial Eco sys tem Map ping (TEM) avail able from MOE.

Continued on page 16



Branch of the MOE. Their goal is to
improve data qual ity, access, and use
of these datasets. 
In Sep tem ber 2008, the Soil, Ter rain,
and Eco sys tem Map ping Pro ject

Bound ary Index was pub lished to the
LRDW—the pro vin cial data repos i tory
man aged by GeoBC. This layer shows
pro ject bound aries and attrib utes for
ter res trial eco sys tem, pre dic tive

eco sys tem, sen si tive eco sys tems
inven tory, and ter rain map ping pro -
jects (see Fig ure 5). Soil data will be
added soon. 

This online index 
map (to be made 
avail able via
iMap) will help
users iden tify
where infor ma -
tion is avail able,
whether it may
serve their needs, 
and how to
access the pro -
ject datasets. 
Addi tional data
types (e.g., soils)
and pro ject
bound aries will
be added to the
index as more
data is stan dard -
ized/con verted.
Ongo ing stan -
dard iza tion/con ver sion of the detailed
data (poly gons, points, attrib ute
tables, and lines) and the devel op ment 
of the asso ci ated data bases for hous -
ing these data will facil i tate its
pub li ca tion to the LRDW. 

Efforts are also under way to pub lish 
a sim i lar index map show ing the
dis tri bu tion of scanned maps (leg acy
soils ter rain and other theme maps)
that were pre vi ously either unavail able 
or avail able only through
print-on-demand ser vices. These
scanned map files are avail able upon
request to the MOE (see Table 2). 

All of these ini tia tives aim to improve
access to the ter rain, eco sys tems, and
soils data, and to improve the util ity of 
this data for a wide vari ety of pur poses 
and users. 

For more infor ma tion, con tact:

Deepa Filatow
BC Min is try of Envi ron ment
Tel: (250) 861-7675
soilterrain@victoria1.gov.bc.ca

Maija Finvers
BC Min is try of Envi ron ment
Tel: (250) 387-9474
soilterrain@victoria1.gov.bc.ca
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Fig ure 4. Pre dic tive Eco sys tem Map ping (PEM) avail able from MOE.

Fig ure 5. Index map cur rently avail able in the LRDW.

Continued from page 15

All of these
ini tia tives aim
to improve
access to the
ter rain,
eco sys tems, and 
soils data, and
to improve the
util ity of this
data for a wide
vari ety of
pur poses and
users. 



Peer-reviewed Synthesis Article

For est Man age ment Effects
on Ground wa ter: Large
Knowl edge Gaps Per sist

by Brian Smerdon, Todd Redding, and Jos Beckers

Ground wa ter is an inte gral part of
the hydrologic cycle, con trib ut -

ing to streamflow from head wa ter
hillslopes (Moore and Wondzell
2005), to base flow to streams in the
low flow sea son (Pike and Scherer
2003), and to main tain ing eco sys -
tems (Brown et al. 2007). Ground wa -
ter is also the drink ing water source
for 25% of Brit ish Columbians, and
there is a grow ing need for greater
knowl edge about the effects of for est
man age ment on ground wa ter (Pike
and Scherer 2003; Redding and
Nickurak 2008; Redding et al. 2008).

Cur rently, very lit tle is known about
the inter ac tions between for est man -
age ment activ i ties (e.g., har vest prac -
tices and road build ing) and ground -
wa ter resources. This is, per haps,
partly because ground wa ter inven -
tory and assess ment has typ i cally
been lim ited to pop u lated areas of
the prov ince, and, again per haps,
partly because the role of ground wa -
ter within a for ested water shed has
typ i cally been over looked in for est
man age ment.
This arti cle pro vides an over view of the 
avail able lit er a ture on the poten tial

impli ca tions of for est man age ment
activ i ties (e.g., har vest oper a tions,
road build ing, revegetation, and
moun tain pine bee tle infes ta tion) and
on aspects of ground wa ter hydrol ogy
(e.g., water table posi tion, low flows,
and ground wa ter recharge). This over -
view sum ma rizes a more in-depth
syn the sis pub li ca tion (Smerdon et al.
2009), and builds on recent sum ma -
ries of ground wa ter hydrol ogy
(Smerdon and Redding 2007) and
ground wa ter man age ment issues
(Douglas 2008). Gen er ally, there are
very few pub lished case stud ies on the
direct impact of for est man age ment
activ ity on ground wa ter (e.g., impact
to aqui fers), so we con clude this over -
view by out lin ing a clas si fi ca tion of
broad-scale hydrogeologic regions for
Brit ish Colum bia to pro vide a con cep -
tual frame work for eval u at ing poten tial 
future for est man age ment effects. The
intent of these unique regions is to
cre ate fur ther dis cus sion on the role of 
ground wa ter in for ested water sheds
and to pro vide a frame work to trans -
late and/or trans fer the find ings of
pub lished stud ies from other regions.
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Figure 1. Ground wa ter flow ing through bed rock frac tures inter cepted by a road cut, Kootenays, BC. 
Continued on page 18
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An Over view of Pub lished
Stud ies
There are many pub lished stud ies on
the effects of for est man age ment on
sur face hydro log i cal pro cesses, and
com pre hen sive reviews have been
writ ten by Moore and Wondzell
(2005), Pike and Scherer (2003), and
Bonell (1993). How ever, very few
stud ies have focused on the direct link
between for est man age ment activ i ties
(both har vest ing and road con struc -
tion) and ground wa ter (i.e.,
subsurface water in the sat u rated
zone). Of the few stud ies avail able in
sci en tific lit er a ture, some have
reported on the effects of tim ber har -
vest ing (the removal of trees through
clear, par tial, or selec tive cut ting) and
the observed changes to the posi tion
of the water table, the esti mated
changes to catch ment water yield, and 
the changes to stream base flow. A
sum mary of pub lished stud ies that
spe cif i cally focus on ground wa ter
hydrol ogy has been divided into (1)
effects of har vest on water table

posi tion (Table 1) and (2) ground wa -
ter recharge (Table 2). Only a few
stud ies have reported on the effects of
road con struc tion and silviculture
activ i ties.

Effect of Har vest on The
Water Table
For est har vest ing gen er ally leads to a
rise in the water table ele va tion
towards the ground sur face, pri mar ily
due to a reduc tion in inter cep tion and
evapotranspiration pro vided by for -
ests. The effect of changes in can opy
rain/snow inter cep tion has been rel a -
tively well doc u mented; how ever,
changes in plant tran spi ra tion before
and after har vest are com plex and
depend on the veg e ta tion type. The
net effect is that wet ter soil more
readily con ducts water to the sat u -
rated zone, which in turn may increase 
the ele va tion of the water table (see
Table 1).
The degree of water table rise will
depend on spe cific water shed char ac -
ter is tics, includ ing bed rock geol ogy,

surficial geol ogy, soil type, and
landform topog ra phy. At Car na tion
Creek on west Van cou ver Island, late
sum mer water-level rises of 30 to 50
cm on the floodplain per sisted for
10 years post-har vest (Hether ing ton,
1998), and con trib uted to the
well-doc u mented pro cess of trig ger ing 
pref er en tial flow in humid, steep
water sheds (e.g., Beckers and Alila
2004). For the Vanderhoof For est Dis -
trict, Rex and Dubé (2006) have noted 
ele vated water table lev els in low land
areas (e.g., toe slopes, wetlands, or
low land land scapes) after har vest ing
(Table 1). For lower relief water sheds
with a drier cli mate on the Boreal
Plains, a water table increase was
found to be 26 cm fol low ing har vest
(Evans et al. 2000).

In each of these envi ron ments, an
increase in water table ele va tion may
have dif fer ing effects on for est man -
age ment oper a tions (e.g.,
trafficability) depend ing on the slope
of the ter rain and soil char ac ter is tics.
Wet ter ground is pro moted when
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TABLE 1. Overview of published studies: Effect of harvest on water table

Source Study site Loca tion P (mm) For est man age ment prac tice and change to water table

Hether ing ton
(1998)

Car na tion
Creek

Van cou ver Island,
Brit ish Colum bia

2100–
4800

CC 30- to 50-cm rise that per sisted for 10 years fol low ing har vest.

Fannin et al.
(2000)

Car na tion
Creek

Van cou ver Island,
Brit ish Colum bia

2100–
4800

CC 50- to 150-cm rise (approx.) fol low ing indi vid ual storm events. Large
spa tial vari abil ity due to soil con di tions, but all water table response
was rapid. An upper limit to pres sure head increase was observed,
above which pref er en tial flow path ways acti vated.

Rex and Dube
(2006)

Vanderhoof 
For est 
Dis trict

cen tral Brit ish
Colum bia

496 CC +
MPB

10 cm (approx.) higher water table in toe-slope of cut area com pared 
to MPB-kill area. 30 cm (approx.) higher water table in upland of cut
area com pared to MPB-kill area.

Evans et al.
(2000)

TROLS Lac La Biche,
Alberta

468 PC 26 cm higher in cut area, com pared to uncut area.

Dube et al.
(1995)

Beaurivage
For est

St. Law rence low -
lands, Que bec

957 CC 7- to 52-cm rise, depend ing on soil tex ture.

Pothier et al.
(2003)

Villroy St. Law rence low -
lands, Que bec

510 PC +
CC

Up to 22-cm rise in cut areas. Water table rise increased lin early with
per cent age of cut area in the first year fol low ing har vest. Five years
after har vest, water tables remained ele vated, but were less depend -
ent on the per cent age of area cut.

Megahan (1983) Pine Creek cen tral Idaho 890 CC 90-cm rise in water table, decreas ing to approx i mately 40-cm after
2 years.

Bliss and
Comerford (2002)

-
Gainesville, Florida 1150 CC 21- to 49-cm rise after 900 days. Larger sea sonal fluc tu a tions

observed for 4 years fol low ing har vest.

Peck and 
Wil liam son (1987)

Col lie River
Basin

west ern Aus tra lia 820–
1120

CC +
PC

100- to 400-cm rise fol low ing wet sea son. Water table increased by
260-cm/yr in clearcut areas and 90-cm/yr in par tially cleared areas.

CC – clearcut          PC – par tially cut           MPB – moun tain pine bee tle



sur face water drain age den sity and
understorey veg e ta tion are decreased,
and the area of poorly drained soils
and pine cover are increased (Dubé
and Rex 2008). In the Vanderhoof For -
est Dis trict, sum mer log ging due to
wet ground has been stopped in
favour of log ging when the ground is
frozen and gen er ally more sta ble (Rex
and Dubé 2006). In steep moun tain -
ous water sheds, a rise in the water
table may lead to a greater risk of
slope fail ure (Sidle and Ochiai 2006).
For each of these sce nar ios, addi tional
con straints are imposed on log ging
oper a tions, illus trat ing the poten tial
feed back between for est har vest and
trafficability.

A rise in the water table and wet ter
ground can also affect the selec tion of
appro pri ate silvicultural sys tems
(Pothier et al. 2003) and post-har vest
spe cies selec tion. For est regen er a tion
may be affected by higher water tables 
because some tree spe cies do not tol -
er ate sat u rated con di tions in the
root ing zone; this may decrease pro -
duc tiv ity or result in regen er a tion
fail ure (e.g., Landhausser et al. 2003).  
How ever, veg e ta tive spe cies that pro -
mote higher evapotranspiration may
aid water table decrease fol low ing har -
vest. These “nurse crops” would
con trib ute to site water-bal ance recov -
ery in recently har vested and
replanted sites (Landhausser et al.
2004). Rec la ma tion of a veg e ta tive
cover that has sim i lar evapotran spi ra -
tion char ac ter is tics as the orig i nal

spe cies is an impor tant step toward
min i miz ing long-term effects of har -
vest ing on ground wa ter sys tems and
main tain ing for est pro duc tiv ity.

Effect of Har vest on
Ground wa ter Recharge
Ground wa ter recharge (water enter ing 
the ground wa ter flow sys tem) is a dif -
fi cult com po nent of the water cycle to
quan tify (de Vries and Sim mers 2002),
but may be inferred from changes in
water table posi tion, water shed yield,
and base flow (in some cases). The
rate of ground wa ter recharge and cor -
re spond ing dis charge, in the form of
base flow, is crit i cal for main tain ing
aquatic hab i tats. In cold cli mates,
where many sur face streams and lakes
freeze in the win ter, ground wa ter
inflows or seep age can main tain open
water, thus pro vid ing tem per a ture ref -
uge for fish (Power et al. 1999). The
win ter inflows also help main tain an
opti mum envi ron ment for the
overwintering of sockeye salmon eggs
(Leman 1993), and pro vide free-flow -
ing water for migra tion (Douglas
2008). In sum mer, ground wa ter
inflows to streams may pro vide a
buffer for stream tem per a tures (e.g.,
Story et al. 2003) and dampen diur nal 
tem per a ture fluc tu a tions, which are
crit i cal for fish sur vival (Douglas 2008).
Sim i lar to the rise in water table that
can be expected fol low ing har vest, the 
effect of wet ter soil con di tions may
also increase ground wa ter recharge
rates. Water sheds in steep ter rain

would not be expected to have an
appre cia ble amount of ground wa ter
recharge com pared to run off (e.g.,
Hud son and Ander son 2006). 
Although there are no pub lished stud -
ies that directly mea sured increased
rates of ground wa ter recharge fol low -
ing har vest, there are a few that
indi cate increases in water shed yield,
which may be a result of higher
ground wa ter recharge. For exam ple,
in the north east ern US, for a few years
fol low ing har vest, a har vested head -
wa ter water shed was found to sup ply
more base flow that did n’t appear to
be gen er ated from shal low storm flow
(Bates 2000). In another case,
recharge increased by 68 mm/year for
6 years fol low ing har vest (Bent 2001).  
Sim i lar results are sum ma rized for
snowmelt-dom i nated hydrologic
regimes by Pike and Scherer (2003). 
At the Upper Penticton Creek Exper i -
men tal Water shed in the Okanagan
Basin, the results of stand water-bal -
ance mod els show increased drain age
of water from the soil root ing zone fol -
low ing har vest and dis tur bance (e.g.,
moun tain pine bee tle) as com pared
with undis turbed mature for est stands
(Spittlehouse 2007).

The impli ca tions of such changes in
recharge will vary accord ing to water -
shed char ac ter is tics (e.g., bed rock
geol ogy, surficial geol ogy, soil type,
and topog ra phy), and fur ther study of
the rela tion ship between ground wa ter 
recharge and streamflow in for est
man age ment areas is needed to
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TABLE 2. Overview of published studies: Effect of harvest on groundwater recharge

Source Study site Loca tion P (mm) Man age ment prac tice and inferred change in ground wa ter recharge

Bates (2000) Fernow Exper i -
men tal For est

West Vir ginia 1470 PC Har vested water sheds sup ply more low flow (base flow) to head wa -
ter streams, due to higher soil mois ture in the years fol low ing
har vest. Minor amount of (event) storm noticed, com pared to
deeper subsurface flow.

Bent (2001) Cadwell Creek Mas sa chu setts 1174 PC Ground wa ter recharge increased by 68 mm/yr for 6 sea sons fol low -
ing har vest.

Cornish
(1993)

Karuah Aus tra lia 1450–
1750

PC Yield increased 150 to 250 mm/yr fol low ing har vest, depend ing on
per cent age of area cut. Increased recharge and over all water yield
remained higher for 3 years fol low ing har vest.

Bren (1997) Crop per Creek south east Aus tra lia 660 CC Increase in ampli tude of diur nal fluc tu a tion in streamflow fol low ing
removal of slope veg e ta tion due to increased subsurface flow.

Cook et al.
(1989)

West ern
Murray Basin

South Aus tra lia 340 CC Recharge found to increase by 20 mm/yr very grad u ally fol low ing
har vest (~200 yrs based on sim u la tion mod el ling)

CC – clearcut          PC – par tially cut          

Continued on page 20



quan tify the hydrologic mech a nisms
that con trol flow regimes. The mag ni -
tude of increase in water yield, and
poten tially the increase in ground wa -
ter recharge, may be lin early related to 
the per cent age of area cut (par tial har -
vest ing or clearcutting), espe cially in
the first few years fol low ing har vest
(e.g., Stednick 1996). Ground wa ter
flow sys tems will adjust to the
increased water input, and this effect
may be short- or long-lived, depend -
ing on the scale of the flow sys tem. 
Recharge that is part of a local scale
sys tem may dis charge rel a tively
quickly to nearby head wa ters (e.g.,
Bren 1997), such that effects of har -
vest ing could be detect able and/or
eco log i cally sig nif i cant. On the other
hand, the effects of rel a tively
short-term for est dis tur bances (i.e.,
decades) may not nec es sar ily be
detect able in larger-scale flow regimes
(e.g., regional-scale flow sys tems) that
tend to respond over long time scales. 

For estry Roads and
Ground wa ter Hydrol ogy
Devel op ment of for estry roads has
been shown to have an effect on sur -
face drain age net works, while the only 
effect of road con struc tion on ground -
wa ter has been doc u mented for steep, 
moun tain set tings (e.g., Wemple et al.
1996). Roads that cut into a hill side
may inter sect shal low ground wa ter,
cre at ing a seep age face along the road 
cut (Megahan and Clay ton 1983), and 
redi rect flow as sur face water in
ditches. Depend ing on how the road
net work con nects with the nat u ral
stream net work (i.e., cul vert dis charge
loca tions), this may influ ence the tim -
ing and mag ni tude of peak flows as
mov ing water could reach the stream
more rap idly than subsurface water.
For estry roads that inter cept shal low
ground wa ter may also reduce ground -
wa ter flow to downslope envi ron -
ments (e.g., springs and seep age
areas). At Car na tion Creek on Van cou -
ver Island, road con struc tion at dif fer -
ent loca tions was found to either
increase, decrease, or result in no
change to downslope water table ele -
va tions (Hether ing ton 1998). The dif -
fer ences in downslope effects at

Car na tion Creek were related to the
loca tion of the road and con struc tion
prac tices. The com bined effect may
have a sig nif i cant impact on aquatic
eco sys tems that rely on spe cific rates
and tim ing of ground wa ter dis charge
or dura tion of base flow.
In more gently sloped ter rain, the
poten tial for road cuts to inter sect
ground wa ter flow sys tems is typ i cally
lower than in steep ter rain, except
near ground wa ter dis charge areas
(streams, wetlands) where the water
table is shal low. Under such con di -
tions, the dif fer ent phys i cal attrib utes
of the road com pared to the sur round -
ing land scape may become more
impor tant, with the com pacted road
sur face hav ing the abil ity to limit infil -
tra tion. Whether this effect is
sig nif i cant depends on the area of a
water shed cov ered with com pacted
sur faces (Putz et al. 2003), as well as
the loca tion of roads and the type and 
qual ity of road con struc tion.

Regional Ground wa ter
Resources 
Regional-scale ground wa ter flow sys -
tems tend to buffer short-term
vari abil ity in cli mate and land-use
changes (includ ing for est man age -
ment activ i ties), but inte grate
long-term changes, mak ing del e te ri -
ous impacts more dif fi cult to reverse.
With for est har vest ing, this means that 
wide spread changes in upland
recharge areas could go unno ticed for
decades in adja cent val ley bot tom
aqui fers. The effects may also be
masked or mag ni fied by cli mate vari a -
tion and change. Wide spread for est
clear ing in west ern Aus tra lia through -
out the 1950s and 1960s has pro vided 
a good exam ple of the tim ing involved 
for changes to prop a gate through
ground wa ter regimes. Low rain fall
areas (850 mm/yr) and high rain fall
areas (1120 mm/yr) were clear-cut,
and ground wa ter response was
observed over the fol low ing decades
(Hookey 1987). For the flow sys tems
in west ern Aus tra lia, water bud get
stud ies and sim u la tion mod el ling have 
shown that ground wa ter for the basin
re-equilibrates 25 to 30 years after
cut ting.

To date, no stud ies have been con -
ducted in Brit ish Colum bia to
inves ti gate poten tial large-scale effects 
of har vest on regional ground wa ter
resources. Stud ies that focus on the
dynam ics of com plete ground wa ter
flow sys tems and mech a nisms that
gov ern ground wa ter recharge and dis -
charge in for est man age ment areas are 
there fore war ranted, par tic u larly in the 
con text of the cur rent large-scale
moun tain pine bee tle infes ta tion and
asso ci ated sal vage har vest ing in cen -
tral Brit ish Colum bia. Rex and Dubé
(2006) have found that low-relief
water sheds with fine-tex tured soils and 
dead pine stands have wet soils and a
raised water table. These pre lim i nary
find ings sug gest that cutblocks may
have higher water table ele va tion than 
bee tle-kill areas, and the dif fer ence
between bee tle-kill and cutblock areas
could be more pro nounced at upper
slope loca tions. Such stand-level find -
ings sug gest poten tial impli ca tions for
regional-scale ground wa ter resources
that may not man i fest for decades or
lon ger.

Hydrogeologic Land scapes
of Brit ish Colum bia
The over views of pub lished stud ies
shown in Tables 1 and 2 orig i nate
from many dif fer ent phys io graphic
and cli ma tic regions. In order to trans -
late and/or trans fer the find ings of
these pub lished stud ies, and to help
visu al ize the role of ground wa ter
hydrol ogy in water shed, we pres ent a
regional-scale clas si fi ca tion of
hydrogeologic land scapes for Brit ish
Colum bia (Fig ure 2). A more com plete 
descrip tion and ratio nale for this clas si -
fi ca tion is pro vided in the syn the sis
arti cle by Smerdon et al. (2009).

The moun tain peaks, high land pla -
teaus, and val leys that char ac ter ize
Brit ish Colum bia have devel oped over
mil lions of years. The geo logic his tory
includes tec tonic events and
glaciations, which have left behind
depos its of sed i ments and rock for ma -
tions that form many hydrogeologic
set tings. To assess the nature of
ground wa ter resources and to begin
to assess the poten tial impacts of for -
est man age ment prac tices, an
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under stand ing of the cli ma tic, phys io -
graphic, and geo logic set ting is crit i cal
(Living stone 1994). Regional
hydrogeologic land scapes (such as those
illus trated on Fig ure 2) pro vide a
broad-scale frame work and are based on
the major phys io graphic units (Church
and Ryder 2007), ground wa ter regions
(Foweraker 1994), and biogeoclimatic
zones of Brit ish Colum bia. These seven
hydrogeologic land scapes rep re sent a
cross-sec tion of broad-scale ground wa ter
move ment for dis tinct regions in Brit ish
Colum bia, and span a cli ma tic gra di ent
(i.e., from very humid to semi-arid), and
top o graphic gra di ent (i.e., from steep
moun tain regions to broad plains).

Each region described in Fig ure 2 has
unique char ac ter is tics that con trol
subsurface flow, and within each
land scape set ting, there will be var i -
ous types of spe cific aqui fers that also 
have unique char ac ter is tics that could 
be inves ti gated at a finer level of
detail. For the Cordilleran Region, a
more for mal aqui fer char ac ter iza tion
has been pro posed by Wei et al.
(2007), which includes six spe cific
aqui fer types. Although the
hydrogeologic land scape cat e go ries
listed on Fig ure 1 are more gen eral
than would be directly appli ca ble for
spe cific for est man age ment inves ti ga -
tions, they do pro vide a basis for

describ ing ground wa ter flow char ac -
ter is tics and the poten tial impacts
from for est man age ment prac tices
(hypo thet i cal effects of har vest are
iden ti fied in Fig ure 1). We envi sion
this frame work as a step toward
under stand ing the role of ground -
wa ter in water sheds, and as a basis
for pro pos ing future col lab o ra tive
research to nar row the gaps in the
knowl edge of for est man age ment
effects (or other types of land-use
change) on ground wa ter hydrol ogy.

Con clu sions
Ground wa ter is a major com po nent
of the hydrologic cycle. Thus,
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sediment

bedrock

near-surface runoff

shallow subsurface runoff

groundwater (GW) flow

water table (WT)

Interior Plateaus
& Highlands (sub-boreal)

Broad upland areas and wide 
valleys. GW flow controlled by 
variation in terrain, presence of 
nested GW flow systems

Effect depends on landscape 
position. Soil moisture and WT 
increase, with increase to GW 
recharge.

Interior Mountains

Wide valleys and highly 
variable bedrock geology lead 
to complex hydrogeology.

Increase to WT, but limited 
chance of rising to ground 
level. Increase in shallow 
subsurface flow.

Boreal Plains

Vast, broad, glaciated terrain. Thick 
glacial deposits may contain aquifers.  
GW flow setting controlled by climate 
and geology, with nested flow systems.

Effect depends on landscape position 
and timing of harvest compared to 
climate cycles. Soil moisture increase, 
but WT may not rise due to large 
available soil moisture storage capacity.

Interior Plateaus
& Highlands (montane)

Wide valleys (dry) and broad 
uplands (humid). Wide variation 
in GW flow and aquifer 
productivity, depending on type 
of valley fill sediments.

Effect depends on landscape 
position and timing of harvest. 
WT increase and potential for 
GW recharge increase, 
depending on upland hydrology. 

Coastal Basins & Lowlands

Productive aquifers in thick valley 
sediments and fractured bedrock. 
Bedrock GW flow controlled by 
tectonic structures.

Increase to WT (perched or 
regional) and potential for 
increase to GW recharge. 

Dominance of rainfall and snowmelt 
runoff processes. GW flow in 
fractured rock, some transient 
perched WT conditions expected.

Increase to WT (perched or 
regional) and potential for increase 
to GW recharge. Potential for pore 
pressure increase to affect slope 
stability.

Southern Rocky
Mountains

Perched WT and seeps in upland 
areas. Productive alluvial valley 
aquifers interact with river systems, 
and are bounded by steep valley 
walls.

Increase to WT (perched or 
regional) and potential for pore 
pressure increase to affect slope 

Fig ure 2. Hydrogeologic land scapes for Brit ish Colum bia, indi cat ing gen eral vari a tions in depth of the water table and types of ground wa ter
flow sys tems that may develop. Gen eral hydrogeologic char ac ter is tics are pro vided, with hypo thet i cal effects of for est har vest for each unique
land scape. The size of the arrows is pro por tional to the expected mag ni tude of the rel a tive flux through a given flow path.



ground wa ter plays some role in water -
shed pro cesses and is affected by
for est man age ment activ i ties and dis -
tur bance caused by other land-use or
land-cover changes. The con se quence
of this effect is depend ent on the
impor tance of ground wa ter in over all
water shed hydrol ogy, and to eco sys -
tem and human reli ance on
ground wa ter. Gen er ally, this reli ance is 
expected to be higher for bas ins,
plains, and low land areas (e.g.,
Okanagan Basin), reflect ing the pres -
ence of thicker sed i ment depos its
(Fig ure 2), and lower for rel a tively
unpopulated steep high land and
moun tain areas.

We found that there are very few pub -
lished stud ies on the impact of for est
har vest and road build ing on ground -
wa ter hydrol ogy. In most cases, a rise
in water table can be expected to fol -
low har vest, which will have a range of 
effects depend ing on the geol ogy and
topog ra phy of har vested area and the
loca tion of roads and the road con -
struc tion prac tices. For wet, steep
water sheds like the Coastal Moun tains, 
ground wa ter effects are expected to
be depth lim ited and there is a rea son -
able level of under stand ing of what
could hap pen to ground wa ter regime
(pore pres sure increases, addi tional
run off). For these more humid land -
scapes, the water shed hydrol ogy is
dom i nated by shal low run off, as
opposed to deeper ground wa ter sys -
tems. For a drier cli mate, and lower
relief ter rain, the poten tial for com plex 
ground wa ter response increases. On
ter rain with gen tle topog ra phy, water
table increases can be expected to
alter flow sys tems of vary ing sizes,
which means effects may be readily
appar ent (in the case of local-scale
flow), or con cealed within a
regional-scale flow sys tem.

Pike and Scherer (2003), Redding and
Nickurak (2008), and Redding et al.
(2008) have iden ti fied that there is
need for a better under stand ing of
ground wa ter in their assess ment of
knowl edge gaps for BC’s inte rior
water sheds. We have pre sented a
broad-scale clas si fi ca tion of
hydrogeologic land scapes for Brit ish
Colum bia in an effort to inte grate the

avail able stud ies on water table rise,
on increase to ground wa ter recharge,
and on the effect of these changes to
ground wa ter hydrol ogy. We hope that 
fur ther research may be directed
toward fill ing knowl edge gaps on the
pro cess link ages between for est man -
age ment and ground wa ter hydrol ogy
in these regions, so suc cess ful resource 
plan ning and sus tain able for est man -
age ment may be achieved.  Clos ing
these knowl edge gaps will help sus tain 
ground wa ter resources for future
gen er a tions.
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FORREX and the Cana dian Insti tute of For estry

National Elec tronic
Lec ture Series
Sci ence, Sustainability, and Inno va tion:
Dis tur bance Effects on Water shed Func tion
March 11, 2009

Wild fire Effects on Water Qual ity,
Kevin Bladon (FORREX)
March 18, 2009

Moun tain Pine Bee tle and Water -
shed Hydrol ogy, Rita Winkler (BC
MFR) and Todd Redding (FORREX)
April 15, 2009

Poten tial Effects of Cli mate
Change on Hydrol ogy, Geo mor -
phol ogy, and Aquatic Ecol ogy in
BC, Robin Pike, David Camp bell and 
Peter Tschaplinski (BC MFR)
April 22, 2009 

Prince George Small Stream Man -
age ment Project—Small Stream
Ripar ian Research in the BC
Sub-Boreal: Find ings and Man age -
ment Con sid er ations, 
John Rex (BC MFR)

May 20, 2009

Stream Tem per a ture Response to
For est Man age ment and Nat u ral
Dis tur bance, R.D. (Dan) Moore
(UBC)

All elec tronic lec tures take place
at 10:30 a.m. PST; 1:30 p.m. EST .
The lec tures are free to CIF/IFC
mem bers and are $25 per lec ture
for non-mem bers:
http://www.cif-ifc.org/site/electure 

To become a CIF/IFC mem ber:
http://www.cif-ifc.org/site/
new_membership_intro

For additional information or to
register, contact:

Michelle Nadeau
Cana dian Insti tute of For estry
E-mail: mnadeau@cif-ifc.org
Tel: (705) 744-1715 ext. 609

http://www.cif-ifc.org/site/new_membership_intro
http://www.forrex.org/program/water/PDFs/Workshops/mpb/MPB-Hydrology_Workshop_Handbook.pdf
http://www.forrex.org/publications/other/FileReports/fr08-01.pdf
http://www.forrex.org/publications/other/FileReports/fr08-02.pdf


Information Note

The BC Fresh wa ter Atlas

Malcolm Gray

The qual ity of Brit ish Colum bia’s
water is a barom e ter that reflects

the envi ron men tal, eco nomic, and
social well-being of our prov ince.
Brit ish Colum bia’s bur geon ing
pop u la tion, indus trial and agri cul tural 
growth, and the poten tial impacts of
climate change are only increas ing
the value of our water resources. The
Fresh wa ter Atlas has been devel oped
as a freely and pub licly avail able tool
to ensure fresh wa ter resources in this
prov ince are sus tained for future
gen er a tions.

What is the Fresh wa ter
Atlas?
The Fresh wa ter Atlas is a stan dard ized
dataset for map ping the prov ince’s
hydro log i cal fea tures. It rep re sents a
sig nif i cant improve ment over the pre -
vi ous 1:50 000 scale Water shed Atlas
because it is derived from the prov -
ince’s more detailed 1:20 000 scale
top o graphic base maps (TRIM).
Another major improve ment is the
spe cific cod ing of all stream seg ments
and cor re spond ing water sheds (30 ha
aver age size) estab lish ing an unam big -
u ous upstream-down stream
rela tion ship for all fea tures. The atlas
defines water shed bound aries by
height of land and pro vides a con -
nected three-dimen sional net work of
streams, lakes, and wetlands.
Each stream in the prov ince has its
own water shed (the land drained by
that stream), but it is also linked to
other streams and water sheds that it
flows from and to. The Fresh wa ter
Atlas allows you to con nect a stream
to both its trib u tar ies and the water -
sheds asso ci ated with them (Fig ure 1).
The atlas was designed to be the
author i ta tive source for map ping
fresh wa ter fea tures in Brit ish Colum -
bia. It pro vides a con sis tent cod ing

sys tem that ensures the prov ince’s var -
i ous fresh wa ter-related inven to ries are
tied to a com mon base. Water sheds
are bounded by heights of land, which 
pro vide the author i ta tive ref er ence for
many admin is tra tive bound aries and
land ten ures. The Fresh wa ter Atlas
offers a con nected net work that serves 
as the foun da tion for sophis ti cated
anal y sis and mod el ling.

How was the Fresh wa ter
Atlas devel oped?
The basic source data for the Fresh wa -
ter Atlas were the rivers, streams, lakes, 
wetlands, and man-made waterbodies
as iden ti fied on the 1:20 000 scale
TRIM base map. This input infor ma -
tion, while very con sis tent,
well-spec i fied, and qual ity-assured
(QA), was only avail able on a map
sheet basis (7027 tiles to cover BC). In
addi tion, most fea tures in TRIM were
sim ple line work and did not form
com plex fea tures such as lake poly -
gons or stream net works. In the
Fresh wa ter Atlas, the stream net work is 

con nected through lakes, dou ble line
rivers, and wetlands allow ing water
flow to be mapped. The stream net -
work is con nected through gla ciers,
but gla ciers are not as tightly inte -
grated with the stream net work as are
lakes, wetlands, or dou ble line rivers.

TRIM 1 base
map ping (air
photo date: late
1980s) was used 
to develop the
atlas to ensure a 
con sis tent scale
across the prov -
ince. TRIM 2
data were not
used because
the greater
detail (1:10 000
scale) only exists 
for half of Brit ish 
Colum bia. As
some attrib utes
(e.g., stream
order and mag -
ni tude) are
scale-depend -
ent, com bin ing
the two TRIM
scales would have intro duced incon sis -
ten cies in the atlas. In addi tion, scale
dif fer ences across map sheet bound -
aries would result in a lack of
con ti nu ity and connectedness for
streams.

While the level of detail avail able is
more than ade quate for the major ity
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Fig ure 1. Con cep tu al iza tion of water shed atlas map ping units.

Each stream in the
prov ince has its own
water shed (the land
drained by that
stream), but it is also
linked to other
streams and
water sheds that it
flows from and to. The 
Fresh wa ter Atlas
allows you to con nect
a stream to both its
trib u tar ies and the
water sheds asso ci ated 
with them (Fig ure 1).



of appli ca tions (BC is divided into
3 mil lion water sheds), GeoBC is con -
tin u ing to improve the prod uct
through the devel op ment of a method 
to add the greater detail avail able in
TRIM 2. How ever, the
cur rent codes will be
the stan dard index for 
link ing inven tory
infor ma tion both now 
and in the future.
One chal lenge for
GeoBC is to quan tify
on-the-ground
changes, mapped
between the TRIM 1
and TRIM 2 prod ucts.
Some fea tures, such as 
gla ciers, are known to
have under gone sig -
nif i cant change, and
other hydrologic fea -
tures undergo
con tin ual change (i.e., 
sand bars and islands
in large rivers). GeoBC 
will be address ing this 
dur ing 2009/10,
begin ning with an
eval u a tion of the
amount of change over time. The
expec ta tion is that from a pro vin cial
per spec tive, at the 1:10 000 scale,
there is very lit tle change, but this
remains to be deter mined.
Cre at ing the atlas involved many years 
of effort. Map pers had to ensure

con ti nu ity across map sheet bound -
aries, con struct “skel e ton” lines
through waterbodies to explic itly con -
nect the hydrologic net work, infer the
hydrologic con nec tions for iso lated

waterbodies, and
repeat edly cre ate
and QA the
hydrologic flow
through the net -
work. This last
step involved
knowl edge able
staff con duct ing a 
major man ual
check ing pro cess
of the hydrologic
net work to
resolve flow
con tra dic tions.

In devel op ing the 
atlas, water shed
codes were
assigned to every
stream seg ment
fol low ing a
method that built 
upon, and
improved, the
exist ing 1:50 000 

Water shed Atlas cod ing sys tem. In
addi tion to the tra di tional code, a sec -
ond code was gen er ated at every
con flu ence for both the trib u tary and
mainstem. The water shed codes alone, 
allow the cor rect upstream/down -
stream rela tion ship for all stream

seg ments and asso ci ated fea tures to
be deter mined with out com pli cated
spa tial anal y sis (i.e., inde pend ent of a
geo graphic infor ma tion sys tem [GIS]).

Three-dimen sional ele va tions were
assigned to the hydrologic net work
and con di tioned to be monotonically
decreas ing down stream. This was
more than just smooth ing out the
+/–5 m ver ti cal mea sure ment dif fer -
ence in TRIM as many large lakes have
a sur face-ele va tion dif fer ence of tens
of metres, the result of pho tog ra phy
taken in dif fer ent sea sons and years. 
Once a com plete and con sis tent
hydrologic net work was devel oped,
the topog ra phy (con strained by the
hydrologic net work) was used to
delin eate the water shed of each
stream seg ment. These water sheds are 
small, on aver age 30 ha, with every
con flu ence hav ing its local water sheds
deter mined. The local water sheds
allow the trou ble some long and nar -
row water shed poly gons pres ent in
the 1:50 000 scale ver sion to be sub di -
vided and elim i nated.
The hydrologic net work was repeat -
edly qual ity assured through out its
pro duc tion. Exten sive con sis tency
checks were con ducted for all com po -
nents (e.g., water sheds, waterbodies,
and place names). The end result is a
con sis tent, prov ince-wide,
three-dimen sional, fresh wa ter net -
work, map ping the hydro log i cal
fea tures of BC at a scale of 1:20 000. 
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Fig ure 2. Scales of appli ca tion of the Fresh wa ter Atlas. The out line of (a) the Thomp son River water shed within the Prov ince of BC, 
(b) sub-bas ins of the Thomp son River water shed includ ing the Adams River in green and, (c) a sub-basin of the Adams River water shed.

a) b) c)

How many lakes are there in
the prov ince?
386 049

What is the total area of lakes 
in the prov ince? 
22 434 km2

What is the length of the
prov ince’s coast line? 

37 902 km
What is the total length of
streams and rivers in the

prov ince? 
1 955 540 km

How many wetlands are there 
in the prov ince?

378 426
What is the total area of

wetlands in the prov ince? 
41 143 km2

Continued on page 26



What infor ma tion does the
Fresh wa ter Atlas con tain?
The Fresh wa ter Atlas has the fol low ing 
fea tures:

l Coast line, major rivers, streams,
and all trib u tar ies mapped at
1:20 000 scale

l Obstruc tions: dams, water falls, and 
rap ids

l Waterbodies: lakes, wetlands, and
gla ciers

l Coastal bays and inlets
l 20 000 named fea tures (from the

BC Gaz et teer)
l 3 mil lion water sheds, aver age size

30 ha
l Water shed code giv ing

upstream/down stream
rela tion ships for all fea tures 

Names of many water fea tures are
acces si ble and cod ing within the data
allows you to iden tify con nected fea -
tures and map upstream and
down stream rela tion ships. As there
have been changes to the size of some 
gla ciers since the orig i nal map ping in
the 1980s, there will be some error in
gla cier extent. The mag ni tude of gla -
cier errors and the poten tial for
updat ing will be assessed in 2009/10.

What can you do with the
Fresh wa ter Atlas?
The Fresh wa ter Atlas also allows you
to: 

l map water fea tures and their
asso ci ated water sheds;

l con duct anal y ses at a
prov ince-wide level;

l iden tify con nected water sheds,
streams, rivers and lakes at regional 
lev els; and/or

l exam ine an indi vid ual stream’s
water shed for local plan ning.

What types of ques tions can 
be answered?
The Fresh wa ter Atlas can be used to
answer ques tions such as:

l How many lakes, wetlands,
gla ciers, and res er voirs are in my
study area, and what size are they?

l Which streams, lakes, and wetlands 
are either down stream or upstream 
of a devel op ment that is planned
for a par tic u lar local area?

l How many water sheds occur in a
regional plan ning unit, what are
their areas, and what is the total
area of the land base they occupy?

These types of ques tions can be
answered for the whole prov ince, a
region, or a sin gle water shed.

How can the Fresh wa ter
Atlas’s stream net work be
used?
The Atlas lets you link envi ron men tal
infor ma tion to the prov ince’s net work
of streams, lakes, and rivers by loca tion 
for appli ca tions such as:

l Water man age ment and water-use
plan ning

l Dis play of fish er ies data 
l Hydro log i cal mod el ling
l Locat ing water fea tures by name
l Emer gency pre pared ness: Iden tify

com mu ni ties down stream of a
dam or resources in the path of a
chem i cal spill

The Fresh wa ter Atlas pro vides a foun -
da tion for study ing fac tors that

influ ence salmon hab i tat in Brit ish
Colum bia. It facil i tates the inte gra tion
of the fol low ing types of infor ma tion:

l Spawn ing hab i tat maps
l Loca tions of salmon-bear ing

streams and lakes
l Water-qual ity mon i tor ing sta tions

and stream flow data
l Upstream and down stream

land uses 
l Obstruc tions block ing fish pas sage
l Rec re ational and com mer cial

har vest sta tis tics
l Salmon-escape ment sta tis tics

How can the Fresh wa ter
Atlas help our
under stand ing of the land
base?
Infor ma tion from a vari ety of dis ci -
plines can also be linked or
sum ma rized by the water sheds within
the atlas. This lets us exam ine the
poten tial impacts of both human
activ i ties and nat u ral phe nom ena on
the land scape. 
Sta tis tics for each water shed can be
gen er ated to quan tify land-use types
or den sity val ues. These can pro vide
use ful indi ca tors that help us to mon i -
tor the con di tions within either an
indi vid ual water shed or to com pare
water sheds within either a region or
through out the entire prov ince. 

How do I find out more
infor ma tion?
To find out more infor ma tion about
the Fresh wa ter Atlas or to down load
this pub lic dataset go online at: 
http://aard vark.gov.bc.ca/apps/
dwds/home.so and search on the Fresh -
wa ter Atlas’ old acro nym “CWB”
(search ing on Fresh wa ter Atlas will
work soon, the name change is being
imple mented March 2009).

For more infor ma tion, con tact:

Malcolm Gray
GeoBC, INTEGRATED LAND
MANAGEMENT BUREAU 
(250) 952-6573
malcolm.gray@gov.bc.ca 
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Names of many water
fea tures are acces si ble
and cod ing within the
data allows you to iden tify 
con nected fea tures and
map upstream and
down stream rela tion ships. 
As there have been
changes to the size of
some gla ciers since the
orig i nal map ping in the
1980s, there will be some
error in gla cier extent. The 
mag ni tude of gla cier
errors and the poten tial
for updat ing will be
assessed in 2009/10.

http://aardvark.gov.bc.ca/apps/dwds/home.so


UPDATE
Announce ments

New Water shed Man age ment 
Exten sion Spe cial ist 
Kevin Bladon joined FORREX this fall as a
Water shed Man age ment Exten sion
Spe cial ist. In part ner ship with the
Uni ver sity of Brit ish Colum bia–Okanagan,
he and team mate Todd Redding are
respon si ble for iden ti fy ing infor ma tion
needs, and devel op ing and co-ordinating
exten sion pro gram ming and ser vices
related to sus tain able water sheds. Kevin is
also involved in con duct ing research and
in syn the siz ing and inte grat ing research
results/knowl edge into sound and
prac ti cal approaches to solve the com plex
water shed man age ment chal lenges facing
resource man ag ers. Prior to join ing
FORREX, Kevin worked at the Uni ver sity of 
Alberta as an Ecohydrologist on the
South ern Rock ies Water shed Pro ject in the 
east ern slopes of Alberta’s Rocky
Moun tains. This work pro vided him with
an exten sive back ground in nat u ral
(wild fire and moun tain pine bee tle) and
anthropogenic (con ven tional and sal vage
log ging) dis tur bance impacts on water

quan tity, water qual ity, and aquatic
ecol ogy. He has also been employed as a
nat u ral resources con sul tant, work ing
closely with var i ous stake holders to
develop sus tain able solu tions to water shed 
man age ment issues. Kevin has a PhD in
ecohydrology from the Uni ver sity of
Alberta, which addressed tree–water
rela tions and micro cli mate change. Kevin
is based in Kelowna at the Uni ver sity of
Brit ish Colum bia–Okanagan and can be
reached at:
Email: Kevin.Bladon@forrex.org
Phone: (250) 807-9516

Okanagan Sus tain able Water
Strat egy
The Okanagan Sus tain able Water Strat egy
is designed to build on the 1974
Okanagan Basin Study, a joint
fed eral/pro vin cial ini tia tive to develop a
com pre hen sive plan for the devel op ment
and man age ment of water resources in
the Basin. The 1974 study is the only
Basin-wide study com pleted to date for
the Okanagan. A sub se quent Basin-wide

study of sur face water and ground wa ter
resources—the Water Sup ply and Demand 
Pro ject—was ini ti ated in 2004 and is
expected to be com pleted in late 2009.
The goal of the Water Sup ply and
Demand Pro ject is to pro vide the best
esti mate of pres ent and future water
needs and avail abil ity, tak ing into account
pres ent water use, pop u la tion growth,
cli mate change, land use change,
pres er va tion of the envi ron ment, and
other fac tors. Once com plete, the Water
Sup ply and Demand Pro ject will be
com ple men tary to the Sus tain able Water
Strat egy. The strat egy artic u lates the
vision and pro vides direc tion whereas the
sup ply and demand pro ject pro vides the
data needed to develop and imple ment
strong water man age ment prac tices.

Full report:
http://www.obwb.ca/fileadmin/docs
/osws_action_plan.pdf
Exec u tive Sum mary:
http://www.obwb.ca/fileadmin/docs
/osws_exec u tive_sum mary.pdf
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Information Note

Uni ver sity of Vic to ria
Pro grams in Nat u ral
Res to ra tion for Work ing
Pro fes sion als

The Uni ver sity of Vic to ria is of fer ing 
two cer tif i cate and di ploma pro -

grams in nat u ral res to ra tion that will
be of in ter est to nat u ral re source pro -
fes sion als who are work ing in, or
would like to ex tend their ex per tise
in, en vi ron men tal re source
man age ment. 
The Res to ra tion of Nat u ral Sys tems
Cer tif i cate and Diploma is an
award-win ning pro gram which has
been oper at ing for 12 years to serve
the needs of stu dents new to the field
of res to ra tion. The pro gram takes a
holis tic approach, com bin ing sci ence
and social sci ence. Grad u ates emerge
from this pro gram with broad-based
knowl edge of res to ra tion tech niques
and infor ma tion about diverse eco sys -
tems in Brit ish Colum bia, and with a

con cep tual frame work for res to ra tion
pro jects which is rooted firmly in the
con text of com mu nity. Courses are
designed for peo ple who need a flex i -
ble study for mat and are offered
through on-cam pus immer sion and
dis tance edu ca tion. 
For sum mer 2009, we will be offer ing
the fol low ing courses:

l Field Study in Envi ron men tal
Res to ra tion

l Advanced Prin ci ples and Con cepts
of Eco log i cal Res to ra tion

l For est Res to ra tion and Sus tain able
For estry

l Ecorestoration Strat e gies: Case
Stud ies

For more infor ma tion, see
www.uvcs.uvic.ca/restore

The Native Spe cies and Nat u ral Pro -
cesses Cer tif i cate is a new pro gram
spe cif i cally designed with pro fes sional
devel op ment needs in mind. When
fully imple mented, the pro gram will
be offered in a dis tance for mat with
courses offered on an annual rota tion.
The pro gram is intended for pro fes -
sion als work ing in res to ra tion or
related fields and offers advanced level 
train ing in such top ics as sys tems
approaches to res to ra tion, inva sive
spe cies, and the built envi ron ment.
Our next course, which will be offered
in 2009, will be Inva sive Spe cies Man -
age ment (Dates TBD).
For more infor ma tion, see 
www.uvcs.uvic.ca/nature
Both of these pro grams are offered in
part ner ship between the School of
Envi ron men tal Stud ies and the Divi -
sion of Con tin u ing Stud ies. You can
take a few courses or take the full
pro gram. 

For more infor ma tion, con tact:

Janet Pivnick, 
jpivnick@uvcs.uvic.ca
(250) 721-8463

Continued on page 28
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Recent FORREX
Pub li ca tions:

LINK Vol ume 10, Issue 3 
is now avail able at: 
http://www.forrex.org/pub li ca tions
/link/link.asp

BC Jour nal of Eco sys tems and 
Man age ment Spe cial Issue:
Moun tain Pine Bee tle: From Les sons
Learned to Com mu nity-based Solu tions
(Con fer ence Pro ceed ings) Full Pro ceed ings 
avail able from
http://www.forrex.org/pub li ca tions
/jem/ISS49/vol9_no3_MPBconference.pdf

Water shed Man age ment Related
Papers and Abstracts:
Redding, T., R. Winkler, P. Teti, D.
Spittlehouse, S. Boon, J. Rex, S. Dubé, R.D. 
Moore, A. Wei, M. Carver, M. Schnorbus,
L. Reese-Hansen, and S. Chatwin. 2008.
Moun tain pine bee tle and water shed
hydrol ogy. In Moun tain Pine Bee tle: From 
Les sons Learned to Com mu nity-based
Solu tions Con fer ence Pro ceed ings, June
10–11, 2008. BC Jour nal of Eco sys tems
and Man age ment 9(3):33–50.
Teti, P. 2008. Sam pling sec ond ary
struc ture on novel aerial pho to graphs.
In Moun tain Pine Bee tle: From Les sons
Learned to Com mu nity-based Solu tions
Con fer ence Pro ceed ings, June 10–11,
2008. BC Jour nal of Eco sys tems and
Man age ment 9(3):98–100. 
Dubé, S. and J. Rex. 2008. Hydrologic
effects of moun tain pine bee tle
infes ta tion and sal vage-har vest ing
oper a tions. In Moun tain Pine Bee tle:
From Les sons Learned to
Com mu nity-based Solu tions Con fer ence
Pro ceed ings, June 10–11, 2008. BC
Jour nal of Eco sys tems and Man age ment
9(3):134.
Schnorbus, M. 2008. Quan ti fy ing the
hydrologic impacts of moun tain pine
bee tle and asso ci ated sal vage
oper a tions in the Fra ser River
water shed. In Moun tain Pine Bee tle: From 
Les sons Learned to Com mu nity-based
Solu tions Con fer ence Pro ceed ings, June
10–11, 2008. BC Jour nal of Eco sys tems
and Man age ment 9(3):135.
Teti, P. and R. Winkler. 2008. Snow
hydrol ogy and solar radi a tion in
grow ing and dete ri o rat ing pine stands.
In Moun tain Pine Bee tle: From Les sons
Learned to Com mu nity-based Solu tions
Con fer ence Pro ceed ings, June 10–11,
2008. BC Jour nal of Eco sys tems and
Man age ment 9(3):136–138.
Weiler, M., K. Rosin, and C. Scheffler.
2008. Devel op ment of a hydrologic
pro cess model for moun tain pine bee tle 
affected areas in Brit ish Colum bia. In
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Upcom ing Events
Con serv ing Wetlands in Brit ish
Colum bia
May 28–29, 2009 
Revelstoke, BC

The Colum bia Moun tains Insti tute is
orga niz ing a con fer ence on con serv ing
wetlands in Brit ish Colum bia. Res er voir
cre ation, set tle ment, agri cul tural activ i ties, 
trans por ta tion cor ri dors, and other fac tors
have elim i nated many wet land complexes
or dimin ished their nat u ral form and
func tion. At this two-day event we will
exam ine the past, pres ent, and pos si ble
future extent of wetlands; the rea sons for
these changes; and how a com bi na tion of
con ser va tion, man age ment, res to ra tion,
stew ard ship strat e gies, and on-the-ground 
pro jects can improve the eco log i cal val ues
of Brit ish Colum bia's wetlands

For fur ther infor ma tion on the con fer ence
and to sub mit an abstract, please con tact
Jackie Mor ris (office@cmiae.org) or visit:
http://www.cmiae.org

2nd Inter na tional Con fer ence on 
For ests and Water in a Chang ing
Envi ron ment 
Sep tem ber 14–16, 2009 
Raleigh, North Carolina, US

Grow ing con cerns over water shed
deg ra da tion, water scar city, and
eco sys tem sustainability due to cli mate
change require new approaches to
man ag ing for est water resources.
Unfor tu nately, lit tle sci ence-based
guid ance is avail able for forest man ag ers
and pol icy mak ers adapt ing to cli mate
change. The goal of this sym po sium is to
pro vide a forum for experts from around
the world on ecohydrology, res to ra tion
ecol ogy, for est ecol ogy, water shed
man age ment, and global change sci ences
to share knowl edge and research
expe ri ences, and to develop long-term
inter na tional col lab o ra tions on water shed
research. Please visit the con fer ence
website for updates:
http://www.sgcp.ncsu.edu:8080/
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