
Groundwater: More Than
Water Below the Ground!

Brian Smerdon and Todd Redding

Effective watershed management
relies on understanding the

complete hydrologic cycle—how
water moves across and through the
landscape, and how land use and
natural disturbance subsequently
affect water quantity, quality, and
streamflow timing. From the
atmosphere to the hydrosphere,
water and energy are transferred
from one storage reservoir to another. 
Groundwater, an important
component in all watersheds in
British Columbia, is often regarded as 
a “hidden resource.” 

This arti cle will define ground wa ter
and intro duce some basic con cepts
and pro cesses in ground wa ter
hydrol ogy. It is not an exhaus tive

review of ground wa ter hydrol -
ogy; rather, the reader is

directed to a range of ref er -
ences for fur ther infor ma -

tion. We hope that this
arti cle offers insight

to a com po nent
of the water

cycle that is often over looked in
forestry studies.

Background
In many parts of Can ada, ground wa -
ter is the prin ci pal source of drink ing
water, and often a sig nif i cant effort
goes into pro tect ing it. As an impor -
tant com po nent of the hydrologic
cycle, ground wa ter is sus tained by
infil trat ing pre cip i ta tion that in turn
sus tains many sur face waters (Fig ure
1). The role of ground wa ter in sus tain -
able for est man age ment is becom ing
more widely rec og nized in Brit ish
Colum bia, partly due to the recent
large-scale dis tur bances of moun tain
pine bee tle infes ta tions and associated 
salvage harvesting.

Ground wa ter con trib utes to the gen -
er a tion and reg u la tion of streamflow
in head wa ter catch ments, and
sustainability of many wetlands,
ponds, and lakes. Subsurface flow
from hillslopes and ripar ian zones has
been shown to con trib ute vary ing
amounts of water to streams fol low ing 
storm events (Bonell 1993), and to
reg u late sur face water qual ity (e.g.,

Devito et al. 1996). The posi tion of 

the water table (and dis tri bu tion of
pore water pres sure) can also strongly
influ ence slope sta bil ity (Sidle and
Ochiai 2006). In cases where the
water table rises rap idly due to a large 
storm event, many soils have reduced
strength, and the poten tial for slope
fail ure increases. In streams, ground -
wa ter inflow and exchange with
sur face water in the hyporheic zone
have been shown to reg u late stream
tem per a ture and aquatic health
(Mellina et al. 2002; Moore et al.
2005). At larger scales, for est har vest -
ing and moun tain pine bee tle
infes ta tions (and asso ci ated sal vage
har vest ing) may pro mote higher
recharge rates, sub se quently rais ing
the water table (Rex and Dube 2006). 
These fac tors may lead to changes in
man age ment prac tices in upland
areas (e.g., trafficability and
silvicultural options), and may change 
water flows in down stream/val ley bot -
tom areas.
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What Is Groundwater?
Such a seem ingly straight for ward
ques tion may have var i ous answers,
depend ing on which edu ca tional
path way you have trav elled. The field
of hydrol ogy is broad and
multidisciplinary, and the edu ca tional
path ways are as diverse as the
ever-wid en ing range of prac ti tio ners,
which includes earth sci en tists (geol o -
gists), envi ron men tal sci en tists,
for est ers, engi neers, biol o gists, and
land/resource managers.

In the early 1900s, a def i ni tion of
ground wa ter emerged from the U.S.
Geo log i cal Sur vey that has ade quately 
served North Amer i can prac ti tio ners
of ground wa ter hydrol ogy (also
termed hydrogeology). Ground wa ter
refers to water that occurs within the
zone of sat u ra tion beneath the Earth’s
sur face (Meinzer 1923). This def i ni -
tion has been pre served in many
intro duc tory ref er ences on
hydrogeology (e.g., Freeze and
Cherry 1979; Fet ter 2001), and
embraced by the sci en tific jour nal of
the same name (Ground Water;
Ander son 2003).

A com mon mis con cep tion is that
ground wa ter is any water occur ring in 
the ground. While this over sim pli fi ca -
tion may be use ful when con vey ing
infor ma tion to non-sci en tific groups,
the increas ing impor tance of ground -
wa ter in our soci ety is just cause for
water sci en tists and man ag ers to
know and use proper terms (Woessner 
and Ander son 2002). Fol low ing the
clas sic def i ni tion, ground wa ter is the
liq uid that com pletely fills pore spaces 
in the subsurface—it is the water
occur ring within the sat u rated zone
(Fig ures 1 and 2).

Such a rig or ous def i ni tion requires an
under stand ing of the phys i cal prop er -
ties of soils and geo logic mate ri als,
which are com monly referred to as
porous media. For ground wa ter to
exist and move, the struc ture of
porous mate ri als must be con sid ered.
All geo logic mate ri als are com posed

of sol ids (i.e., actual grains, sed i ment,
or rock matrix) and pore space (i.e.,
voids). The amount of avail able pore
space and the interconnectivity of
pores gov ern the stor age and trans -
mis sion of ground wa ter. If all pore
spaces are filled with liq uid, then a
porous medium is con sid ered sat u -
rated. If air fills some pores, the
mate rial is con sid ered unsat u rated
(Fig ures 1 and 2).

The dis tinc tion between zones of the
subsurface that are unsat u rated and
zones that are sat u rated is not arbi -
trary. The divi sion is based on loca tion 
of the water table, which is found at
the top of the sat u rated zone (Fig ure
2), where the pore water pres sure is
equal to atmo spheric pres sure. Above
the water table, water and air occupy
pore spaces (Fig ure 2), and water is
held under ten sion by cap il lary forces
at less than atmo spheric pres sure.
Water in this unsat u rated zone (Fig ure 
2) is com monly termed soil mois ture,
soil water, or vadose zone water.
Below the water table, the pore water
pres sure is greater than atmo spheric
pres sure, and spa tial vari a tion in pore
water pres sure gov erns ground wa ter
flow. Thus, under stand ing the dif fer -
ence between zones that are
unsat u rated or sat u rated is fun da men -
tal to under stand ing the def i ni tion of
ground wa ter.

Groundwater Flow Through
Porous Media
Geo logic units can be defined based
on their abil ity to store and trans mit
water. An aqui fer is a per me able mate -
rial that can trans mit sig nif i cant
quan ti ties of water to a well, spring,
or sur face water body. Often, aqui fers
are com posed of uncon sol i dated sand 
and (or) gravel depos its (Fig ure 1),
con sol i dated depos its that are per me -
able (e.g., sand stone, lime stone), or
con sol i dated for ma tions that are gen -
er ally less per me able (e.g., gra nitic
and meta mor phic rocks) and have
become frac tured. Gen er ally, “sig nif i -
cant” is defined based on human
need, rather than on an abso lute stan -
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dard. An aquitard is a sat u rated geo -
logic unit that is less per me able than
an aqui fer, and inca pa ble of trans mit -
ting use ful quan ti ties of water.
Typ i cally, aquitards are com posed of
clay, silt, shale, or other dense geo -
logic mate ri als. Aqui fers may be
uncon fined (those per me able geo -
logic units open to the atmo sphere
where the water table forms the
upper bound ary) or con fined (those
cov ered by an aquitard) as illus trated
in Fig ure 2.

Move ment of water in the sat u rated
zone is driven by spa tial dif fer ences in
the poten tial energy sup plied by ele -
va tion and pore fluid pres sure. This
energy poten tial, termed hydrau lic
head, incor po rates the driv ing forces

due to grav ity and dif fer ences in pore
pres sure from point to point in the
subsurface. The flux will depend on
the size of the gra di ent in hydrau lic
head and the prop er ties of the porous 
medium (i.e., an aqui fer or aquitard).
In the field, hydrau lic head is mea -
sured using a piezometer, or a water
well. As shown on Fig ure 2, hydrau lic
head is mea sured at a known point,
which means that the exact intake
depth of a par tic u lar well (or
piezometer) must be known. By mea -
sur ing the depth to water, the
hydrau lic head—the com bi na tion of
ele va tion head and pres sure
head—can be deter mined. Spa tially
dis trib uted mea sure ments of hydrau lic 
head through out a water shed can be
com piled to infer the direc tions of

ground wa ter flow as
water moves from
areas of high hydrau -
lic head, to areas of
lower hydrau lic head 
(e.g., toward low -
land areas in Fig ures
1 and 2).

In 1856, Henry
Darcy deter mined an 
empir i cal rela tion -
ship relat ing the
vol ume of ground -
wa ter flow to the
driv ing force and
prop er ties of the
porous medium
(Darcy’s Law):

Q KA
dh

dL
=

where Q is the vol u met ric flow
rate (m3/s), K is the (sat u rated)

hydrau lic con duc tiv ity (m/s), A is a
rep re sen ta tive cross-sec tional seep age
area (m2), and dh/dL is the hydrau lic
head gra di ent (dif fer ence in hydrau lic
head divided by dif fer ence in dis -
tance; this term is dimensionless).
Hydrau lic con duc tiv ity (upper case K)
is an empir i cal pro por tion al ity con -
stant describ ing the ease with which
water passes through porous media. It 
is essen tially a spe cific ver sion of per -
me abil ity (low er case k), which is an
empir i cal con stant describ ing the ease 
with which any fluid (water, oil, etc.)
passes through porous media. These
empir i cal con stants range over many
orders of mag ni tude, with higher val -
ues cor re spond ing to aqui fers (i.e.,
highly per me able) and lower val ues
cor re spond ing to aquitards (i.e., less
per me able). 

From the above equa tion, we can see
that ground wa ter flow is great est with 
larger gra di ents of hydrau lic head
(i.e., steeply slop ing water table) and
higher hydrau lic con duc tiv ity val ues.
The geol ogy (surficial and bed rock) of 
the area of inter est strongly affects
both gra di ent and hydrau lic con duc -
tiv ity. The pore-size dis tri bu tion and
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Figure 1. The role of groundwater in the hydrologic cycle. (Image provided by R.J.W. Turner,
and used with permission of the Geological Survey of Canada.)



interconnectivity of the pores gov ern
hydrau lic con duc tiv ity. Larger pores
will typ i cally con duct water more
effec tively than smaller pores. Many
geo logic mate ri als also pos sess pref er -
en tial flow path ways, such as frac tures 
in bed rock or macropores, which
allow water to be trans ported at high
rates rel a tive to that in the sur round -
ing sub strate. Pref er en tial flow is very
impor tant for run off gen er a tion and
trans port of chem i cals (e.g., nutri ents
and pol lut ants) from hillslopes to the
water table or sur face water bod ies.

Role of Groundwater in
Watersheds
Under stand ing the basics of ground -
wa ter hydrol ogy allows water
sci en tists and man ag ers to better
quan tify the move ment of chem i cal
con stit u ents (dis solved sol utes)
through a water shed, and better fore -
cast responses of the hydro sphere
(sur face water and ground wa ter) to
var i ous human-caused stresses. Below
the water table, ground wa ter is estab -
lished into a ground wa ter flow
sys tem. These orga nized sys tems com -
prise recharge areas (high hydrau lic
head) that drive water to dis charge
areas (of low hydrau lic head) (Fig ures

1 and 2), where stream baseflow orig -
i nated some dis tance away from the
stream (e.g., from upland areas to
benches and val ley floor in Fig ure 1).
The travel time from recharge to dis -
charge areas may be as short as days,
and lon ger than cen tu ries, depend ing
on flow sys tem depth, and whether
the flow path is at a “local” or
“regional” scale (Toth 1962). Shal low, 
local-scale flow sys tems will exhibit
sea sonal vari abil ity in flow rate, and
may be greatly impacted by land use
or cli mate changes in the short term
(Fig ure 1). Deeper, regional-scale flow 
sys tems tend to buffer short-term vari -
abil ity, but inte grate a mul ti tude of
changes over a long term, mak ing
del e te ri ous impacts more dif fi cult to
reverse. The con cept of local and
regional scales of ground wa ter flow
sys tems can lead to dif fer ent sur face
and subsurface catch ments (Win ter et
al. 2003). That is, a well-defined sur -
face water catch ment may not be the
same as the ground wa ter catch ment
in that region, which is con trolled by
geol ogy.

Effec tive water resource man age ment
requires an under stand ing of how
water is trans ferred between the

atmo sphere and the hydro sphere. The 
inter ac tion of sur face water and
ground wa ter is highly dynamic
(Sophocleous 2002). Sur face water
bod ies are both sources and sinks for
ground wa ter. For exam ple, Fig ure 1
(right-hand side) shows ground wa ter
recharged by river water, which later
dis charges back to the river.

Ground wa ter is com monly expressed
in streams as baseflow, which is
streamflow that occurs dur ing dry
times of the year (not due to spe cific
storm events or sea sonal phe nom ena
such as snowmelt). The cen tre sec tion 
of Fig ure 2 illus trates a typ i cal ground -
wa ter flow sys tem, and ground wa ter
that sup plies a stream. This is an
exam ple of a gain ing stream, which
gains dis charg ing ground wa ter along
its length. Los ing streams occur where 
stream dis charge is decreas ing down -
stream, due to water losses through
the streambed to ground wa ter (Fig ure 
1, right-hand side). Flow-through
streams are those that are simul ta -
neously gain ing and los ing
ground wa ter along their length. A sin -
gle stream can have reaches or
sec tions that are gain ing, los ing, or
flow-through—this is largely deter -
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Figure 2. A groundwater flow system with water table, aquifers, and aquitards. (Images based on drawing by C.A. Mendoza, University of
Alberta.)



mined by the under ly ing sed i ments
(Win ter 1999) and the topog ra phy of
the water shed. Other sur face water
bod ies, such as wetlands or lakes,
exhibit the same gain ing/los ing/flow-
through char ac ter is tics, depend ing on 
the ground wa ter flow sys tem and
their posi tion within the land scape.
This leads to many wet land types
being clas si fied by their inter ac tion
with ground wa ter (Rydin and Jeglum
2006). 

In addi tion to the com plex ity of flow
sys tems described so far, some sat u -
rated zones may become perched
above a deeper, regional water table.
For these iso lated zones of sat u ra tion,
which meet the def i ni tion of ground -
wa ter, the adjec tive “perched” is
added to note their dis con nec tion
from most of the ground wa ter
regime. Perched con di tions often
develop on a layer of low-per me abil ity 
mate rial (perch ing layer), which cre -
ates a sat u rated pool in a gen er ally
unsat u rated subsurface zone (Sidle
and Ochiai 2006). Perched water
tables may be rel a tively long-term or
tran sient (sea sonal) events, and can
be com mon in envi ron ments with
high rain fall and shal low soils over a
suit able perch ing layer. The devel op -
ment of these tran sient perched
sys tems is a com mon driver of
hillslope run off (Weiler et al. 2005).

Con sid er ing that ground wa ter flow
sys tems may have cycling times that
range from days to cen tu ries, and that 
the inter ac tion with sur face water may 
be gain ing, los ing, or flow-through,
the role of ground wa ter in a water -
shed is com plex (Win ter et al. 2003).
Besides con trib ut ing to stream
baseflow, ground wa ter adja cent to
streams can buffer peak flows if bank
sed i ments are suf fi ciently per me able.
A rise in stream stage may tem po rarily 
exceed the level of the adja cent water 
table, and cause gain ing stream
reaches to become los ing streams
until the stream stage declines (known 
as a ground wa ter flow rever sal). Also,
ground wa ter main tains aquatic health 
through buff er ing nutri ents and tem -

per a ture fluc tu a tions (Story et al.
2003), espe cially in ripar ian and
hyporheic zones (Dahm et al. 1998;
Hayashi and Rosenberry 2001). 

Ground wa ter is also crit i cal for main -
tain ing aquatic hab i tat. In north ern
cli mates, where many sur face water
bod ies freeze in win ter, ground wa ter
inflows or seep age can main tain open
water, thus pro vid ing tem per a ture
refugia for fish (Power et al. 1999). In
addi tion, ground wa ter inflows can
also help to main tain healthy tem per -
a tures for overwintering eggs of
sockeye salmon (Leman 1993). In
sum mer, ground wa ter inflows to
streams may reduce stream tem per a -
tures, which is crit i cal for fish sur vival.
Ground wa ter flow ing through ripar ian 
zones brings nutri ents and chem i cals
into the sur face water envi ron ment;
these biogeochemical fluxes are
impor tant to ensure healthy aquatic
envi ron ments (Dahm et al. 1998).

Groundwater in British
Columbia
Approx i mately 25% of Brit ish Colum -
bia’s pop u la tion relies on ground wa ter 
as a drink ing water source. This arti cle 
defines ground wa ter and intro duces
some gen eral hydrogeologic con -
cepts, which we hope will inform a
broader com mu nity of water shed sci -
en tists and man ag ers. Links to
addi tional infor ma tion on BC
ground wa ter resources are pro vided 
at the end of this arti cle. 

The Water Stew ard ship Divi sion of the 
BC Min is try of Envi ron ment has estab -
lished an aqui fer clas si fi ca tion sys tem
for iden ti fy ing and cat e go riz ing aqui -
fers in the prov ince. This sys tem will
aid in man ag ing and pro tect ing
ground wa ter resources. Aqui fers that
have been iden ti fied and clas si fied can 
be viewed on the BC Water Resource
Atlas Web site. Devel op ment of pro -
tec tion plans responds to a grow ing
inter est in address ing known ground -
wa ter issues, such as poten tial declines 
in sur face water dis charge due to
ground wa ter pump ing; the impact of

land use on sur face water and
ground wa ter qual ity (e.g., nitrate con -
tam i na tion in the Abbotsford–Sumas
aqui fer; Envi ron ment Can ada 2006);
and the influ ence of cli mate change
on water resources (e.g., change in
water flows of the Grand Forks area;
Allen et al. 2004).

Nation ally, the Okanagan Basin has
been iden ti fied as one of Can ada’s
key regions for hydrogeological map -
ping. Ground wa ter Assess ment in the 
Okanagan Basin (GAOB) has brought
together the BC Min is try of Envi ron -
ment with Nat u ral Resources Can ada
and sev eral research groups (Simon
Fra ser Uni ver sity, Uni ver sity of Brit ish
Colum bia, Geo log i cal Sur vey of Can -
ada) to assess ground wa ter resources
in the uncon sol i dated (val ley sed i -
ments) and bed rock aqui fers along
the Okanagan Val ley. Research pro -
ject goals are to increase cur rent
knowl edge of ground wa ter and assist 
with sus tain able ground wa ter man -
age ment and pro tec tion. With
fund ing from the Cana dian Water
Net work, a pro ject to study ground -
wa ter recharge in the Okanagan was
begun in 2005. The pro ject seeks to
better under stand recharge to the
ground wa ter regime, quan tify the
inter ac tion between sur face water
and ground wa ter, and trans fer sci en -
tific find ings to local deci sion mak ers
(e.g., Fig ure 1).

Under the cur rent reg u la tory regime
for for est man age ment in Brit ish
Colum bia (For est Range and Prac tices
Act), under stand ing the impacts of
for est man age ment prac tice and dis -
tur bance to ground wa ter sys tems is
crit i cal to pro tect core resource val ues. 
Thus, the role of ground wa ter in
water shed man age ment activ i ties
must be con sid ered, as it influ ences 
all aspects of the hydrologic cycle and 
is rel e vant to many poten tial risks in
for est man age ment activ i ties. Knowl -
edge of poten tial changes in
ground wa ter dynam ics result ing from
dis tur bance may influ ence a range of
hydrologic (low and peak flows) and
oper a tional (trafficability and

Streamline Watershed Management Bulletin  Vol. 10/No. 2 Spring 2007 5 

Continued on page 6



silvicultural) activ i ties that are crit i cal
for suc cess ful resource plan ning to
achieve sus tain able for est man age -
ment objec tives.

Sources of Additional
Information on BC
Groundwater Resources
Ground wa ter Infor ma tion, 
BC Min is try of Envi ron ment, 
Water Stew ard ship Divi sion
http://www.env.gov.bc.ca/wsd/
plan_pro tect_sus tain/ground wa ter/
index.html 

BC Water Resource Atlas
http://srmapps.gov.bc.ca/apps/wrbc/

BC Ground Water Asso ci a tion 
http://www.bcgwa.org/index.htm

Okanagan Basin Waterscape, Nat u ral
Resources Can ada
http://geoscape.nrcan.gc.ca/h2o/
okanagan/index_e.php 

Ground wa ter Assess ment in the
Okanagan Basin (GAOB), Nat u ral
Resources Can ada
http://ess.nrcan.gc.ca/2002_2006/
gwp/p3/a5/index_e.php 

For further information, contact:

Brian Smerdon 
Depart ment of Earth Sci ences
Simon Fra ser Uni ver sity 
Burnaby, BC  V5A 1S6
Tel: (604) 268-7210 
Email: brian.smerdon@gmail.com 

Todd Redding
Water shed Man age ment Exten sion
Spe cial ist, FORREX
c/o Uni ver sity of Brit ish Colum bia
Okanagan 
Kelowna, BC  V1V 1V7
Tel: (250) 807-9516
Email: Todd.Redding@forrex.org 
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