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Some Effects of Urbanization on Streamflow Records in a Small
Watershed in the Lower Fraser Valley, B.C.

Abstract

Timcs series of monthll, mean daily and maximum instantaneous str-eamt'lows were examined for chtngcs
rvhich ma;- be associaled with urbaniz:ition within the Nicomekl watershed in the lower Fraser Valley of
Brit ish Colunbia. Canada. An adjacent $,atershed, thc Salmon which has h;rd much less urbanization.
providcd a conparison. In thcse low lying wiitcrsheds which rcceive hcavy winter precipitation cvcn
slight increases in runoff could lead to increased flooding problcms. Urbanization is relativell nerv in
this area and though land use changcs due to urbanization are not yet extensive, statisticall5r signil icant
increases i l strelmf' lorv were detected. Continued urbarizati0n causing increased fltnot] may gcnente
increased Iloodins oroblems in thc future.

lntroduction

As Hipel ct n/ ( 1977) have poil lted out. r nrajor
challenge in hydrology is the detection. model
ing. and description ofthc el'fects ofman-induccd
oI  n i l l l r r i r l  i | l l a r \en l ro t ] . ,  o f  i r l l e r . l l i , \n : .  on  l i l l l e
scries of hydrologic variables. In this study of
t$,o streams in the lower Frasel Vallcy ol British
Columbia. Canada, the intervcntiol] is change in
landuse and landcover brought about by urban-
ization. The timc series of hydrologic rariables
considcred were monthly strcamflows, annual
nr l r imum ,J . r r l1  11 , ' r r . .  and  unnur l  n r r r in tun t  i t t
slanlaneous flows.

At the time ofEuropcan arrival. the lowerFraser
Valle,v was denscly forested. At prescnl rvhai for
est renrains is second or third gfowth. European
scl1lers established agriculture as the predomi-
nant landusc. As Moore (1990: l) stales. "Some

ol'Canada s most important agdcultural lancl and
$,ildlit! habitat is located in Brit ish Colunbia s
Lower Fraser VaJle1.' Since 1970. the popula-
t ion  o l  C feJ t r r  \ JncL l l t \ c r  hu .  hecr r  inerer . ing
rapid)y and the effects ofthi! incrcase ale propa-
gating into the Lou'er Frascr Valley. Moore (1990)
indicate! that belween 198 I and 191J6 the Lower
Fraser Valley had one ol'lhe fastest growth ralcs
in Canada (9.1'lr.). The Lower Fraser Valley is a
confined area, $,ith nlountains to the nofth and
east, Ceorgia Slrait to the west and the Intemlr-

tional Boundary *ith the Unjted Statcs ofAnerica
to the south.

In this confined area. the cffccls of urban de-
velopmenthave become a significant concem. The
eflects of urbanization upon hydrology has be-
comc a subject of worldrlide concem (lntema-
tional Workshop on Integrated Watcr Resources
Management in Urban and Sunounding Arcas,
1994). A first step towarcls the assessment of the
efTccts of urbanization upon thc h1'drology of a
brsin is the examination ofthe available streamJlo*
drta to ascefiain whether therc are detectable
changcs that na)' be related to urbanization
(Mccucn and Thomas. 1990). Exploratory data
analysis techniques are used in our rtud), and as
Eagleson (19791 pointcd out. our results are not
gcncral as they do not incorporate climate. soil,
and vcgctal properties. This snrdy is intended as
an init ial step in examining thc ci 'fecls oflanduse
changc using nore generalizcd water balance
modcls. lntenention modeling of these data is
rcpofied in Lcith and Whitfield ( 1996).

Data Assemb y and l\,4ethods

Assembly of r t imc scdes ofstreamtlow data that
spans urbanization ofa basin rvas ditl icult as h1-
drornetric stations in Bdtish Columbir routincly
have been discontinued rvhen a basin sutlercd
sutficient alteration (intcrvcntion) that the llow
was dccned to have been changed liom the "natu

ral' regimc. Fortunately. the Niconrekl Rivcr.Audror ro $hom con.spondencc should bc xddrc!sed
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which tlous through the City of I-anglev, has
rccords before and duling inlense urbanizlt ion.
There are streamflow records tr-om an adjacent
basin to the east, the Salmon Rivel, and a major
tributarl of the Nicomekl. MLrrrry Creek rvail-
able tbr conparison. The geographical arrange-
ment of the basins is shown in Figure L Table I
provides the hydrometric station names, identiU-
crs. and pcriods ol rccorcl.

Thr.ee neasures ofurburization are used in this
sludy: ccnsus data. building pcnnits, and air photos.
Population data tbr Langley City and Langley
Distdct are plotted in Figure 2 and cstimalcs of
landuse and llndcoler made fiom air photos aLre
sumnarized in Table 2. These cstimatcs wcrc made
by delineating the drairage basins on air photos
taken in 1967 and 1982. Each basin was divided
into 1-kilomctcr squarcs. and cach square was

Figure L Lo( 'a l ionof theNicomeklandSalmonbasinsin lhelo$erFfaser lh l le! tothe\ourheastofVancouler .  l  he Fras.r  Rivcr
is sho\r n Io the n.nrh. The stati.n ident itiefs are reierenced in Table 1 .

IABI- l i  L H\dromenic Stat ion\  in \ icomekl  and Sr l 'non \ \ ' r tersheds.

Canada Stat ion
Ident i f ier  Str t ion Nrmc

Dfa inage

P ( r i u d  ' , f O p e r l t i ' , n

08 [ ]H  105

08NIH 155

08NIH 129

03NIH090

Nicomekl  Ri \er  belo$ N{urrai  Cfeek

Nicomekl  Ri \er . r t  20- l  Strccr .  Lrngl . )

NIur f r )  Crcek r l  216 Street .  L.rnglcy

SalDon Rivef  r17:  A\enue. Langle)

Apr i l  1965 Octohef 198,1

fcbru.u) 1985 present

Nlarch 196q ) ,J0\embef 198i

Februaf) 196(l Seprenber 196.1
Decenber 196i1 present

61.5

69.2

)6.2
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Figure 2.  Popular ion gro$' lh in l -anglc)  Ci l t  rnd Lrngl . r "  Disuict  bet$een 1950 rnd 1990.

TABLE 2 Landuse and landco\ ,ef  in the studv xrex in 1967 and 1981.

Asric. L rhrn
l\,luff.r) Ba\in

Forcst Agric. Urban
Salmo. Basin

Foresl Agfic. tlrhan

3E

1.,'.58t.

0.t
-rE

56.n
63tll.l.ti

61.1

68i;

1967

1982

l,lti

21ri
1,7

8 %

5 I t t

31t

classified according to thc prcdominant land use
land cover rvithin the square.

Monthlv runofl.s t iom the NiconrekL River
b c j o u  M u n a r  C r e e k  r O R M H l 0 5 r  3 r u r i n g  r r r -
tion $,ere plotted against monthly runoff from
thc Salnron River. Runoff is the volune of
streamflow dischargc ovcr a pcriod of t inre di-
vided by the drainage area of the basin. Using
runolT as the hydrologic rcsponse adjusts fbr dif-
terences in drainage areas. Monthly mnoffs from
two time periods, the t ' irsl 1968-1972 bclbrc in-
tense urbanization and the second 1980 198,+,
during and atier intense Llrbanization were col]r
purcd .  Thc  \ l l r t  . f  Ih .  rn lcn 'c  u rhrnr / r r ion  $ . r .

estimated lioln the rate of population rncrcase.
Figure 2. and thc pcak in building permits in l979
rnd 1980. Airphotos u'erc available only in 1967
and loR2 .o  thc  hug inn ing  , ' t ' rup iL l  in . re l .e  in
urbanization could not be estimakd from this dlta.

To produce homogencous independent se-
quences. seasonalitv and selial dependencc wcre
removed llom thc Nicornekl and Salmon Rir,er
monthly runoffs. Seasonality was rcmovcd bv
subtraction of Lhc appropriate monthly mean (i.e.
we subtracted the overall July nean liom cach
July valuc) and scrial dependence rvas renoved
using the lag one corrclation coetTicient (i.e. the
conelatior between ore nonth and onc follow-
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ing). The result of this is to produce a series *hich
has no seasonal pattem and no auto correlated
structure. Regression equations were developed
ior thc 1961J- 1972 and the i9130- l9E.1periods. These
cqualions *crc then tested to determine if the re-
-rrcssion parameters were stati5tically distinct.

N{aximum Daily and Maximun lnslanLancous
florvs for the Nicomckl. Salnon, and Munav were
input to a Floocl Frcqucncy Prograrn, Kite (1991).
Ten year lloods. i.e. pcak flows with a rctum pe-
riod of ten years or a plobability of cxcccdancc lcss
than or equal to 0.I in any year. together with 95%
confidence intervals were estimaled for 2 param-
eter log nonral and 3 palarnctcr 1og nonnal distri-
bulions. Estimatcs $ere rnacle by mrxinrum likeli-
hood and the method of moments. The l0-year flood
r t  l '  i n r  e . t i ! r teJ .  . r .  l l  r  e  t , ' e i !h t  , ' h 'en  a l ion '  u  e le
r r r  l iL rh l t  $  th r ' . ' r t r r | l r l r t i r rn  i . . tn r r l l

ln November l9tl. l . the gauging sti,rt ion on the
Nicornekl River belou Munay Creek (08MH105)
was closed and in February of 1985. a station was
relocated down stream to 203 Street. Langley
(08MH155). To ascertain \\hether changes werc
brought about by the relocation of the gauging
statiol, the observed peak florvs from the nerv
.lJLioI \\ere adiu.tcd b1 the drair: lgc f,rca ratio
(61.5169.2) so that they could be conpared with
data tion the previous location.

Results and Discussion

From the analysis of air photos thc lncrease ln
urban area tbr the Nicomekl basin fiom 1965 to

TABLE 3. Regression Coefficjents for dc\caronalized and
deserialized monthl\' runoffs.

Time Period R ! ! r  c . \ i ' ,n  Co( l l i ( icnt  Pf , , t r . ,h i l i t l

1968 197:
1980 198,1

<0.0 |
<0.01

1982 was 7%,. 3tlr of which was in the Muray
Creek tributary. The remaining ,1{' was largcly
concentrated in the City of Langlev. The urban-
ization in Murrry Creek was rnainly small dis-
tributed housing developmenls. whilc in rhe City
of Langley urbanization consisted of large hous-
ing der.elopmcnts. l ight industrial activit),. and
extensive parking lots in a conccntrlted area.

In the Salmon basin, urban area increased 47r.
nlostly small housing developments distributed
throughout the watershed. Thc forcst cover was
reduced by 177., so the Salmon basin has had
landcover changes during thc study period. Thus.
it w S not a stlltic control. Table 3 providcs the
rcgrcssion coefficients fbr the deseasonalized
deserialized Niconekl monthly runofl'.s ar tirnc
tions of the deseasonalized deserialized Salmon
monthly runoffs. The interccpts were not signifi-
cantly difTerent from zero.

From an F-tcst. the regression coefllcients are
significantly different from cach other at the one
percent significance level. The changc in slope
indicates an increase in the monthly runoffs for
the Nicomekl River relativc to the Salmon River.
as indicated in Figure 3.

I  037
l. l , l1

Salmon River Runoff (mm)

runofTs fof Salmon and Niconrckl RivL'rs bcforc intnse urb|niration (1968-71) andFigurei.  Rel.r lr .mship bet$een n nthl]
r l lcr (19l i0 8.1).
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Fi!ufe 1. Estimrte\ of l0-ieaf maximulll daily flood for \4una\ Creek, \icoinckl Rivcr. and Salmon Ri!er o!er rhe pefiod of
ufbrLnization. The estimated flood is indicrted b) ihe number in the bar. thc width of thc bar gi!cs (he rine period fbl
d.rt.r used ir naking the e\tinute rnd the \efiicrl length ofthe baf shor \ the 95% confidencc intcmal 1or lh. eslimate.

Flom sequences ol naxinum daily f lows. es-
tinratcs of 10 year tloods made using the two pa-
rameterlog nolmal distribution are shownin Figure
4. The vertical bars in Figure :l provide 957r con-
fidcncc intcrvals with the cstimated 1 0 year floods
shown in numerals rvithin the bar. Results for Lhc

'1980 t985 1990 1995

three panmeter log nomal distribution were srml
larto those ofthe two parameter irurd are not shown.
For Muray Creek, the estimaled l0 year flood
does not change signilicantly between tht: pcri-
ods  1969-1975 and 1978-1983.  The N icomek l
River below Murray Creek shows a signil icant
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increase fron 25.6 cubic mctcrs pcr sccond (cnrs)
in  1968-1972 to  37 .E cms in  1978 198.1 .  A f te r '
the gauge was relocated, there was a marginally
significant increase 1o -53.8 cms. Thc cstimated
llood for thc Salmon River does not change sig
nificantl l ' lor any oflhc pcriods 196Ii- 1972. 1978-
198.1. and 1985 1992.

Considcring nraxinrum inst?uttateous fl ows. thc
Sahnon River does nol show any signiflcant change
in rhc cstimate of 10 year flood, Figure 5. Thc
Nicomekl River (0SMH 105) shows no change to
t98,1. but thc 198:l maxinrum instantaneous flow
is missing and the 198,1 maximum drily t lorv is
the highest on record. In the period 1985-1992

Maximum Instantaneous Flow (cubic meters/sec)

'1960 1965 '1970 1975 1980 1985 1990 1995

Figure 5. F:stimalcs ol lhc l0 ycrr nardmuln ir\tunianeous llood faf Nicomekl Riler and Salmon Rilcr o\er rhe period of
urhaniTalion. . Thc c\tiualcd ilood is irdic.rted b) the nuDrbef in dre bar. the \\'idth oflhc bar gi!es lhe tilne pefiod lbr
drta used in makj ng thc cstinrar c and thc ! erlical lenglh of the brr sho$s the 95 tt confidcncc inlcmal ibr rhe e srimate.
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therc is a si-snificant increase iD the estimate of
l0 year naximum instantaneous llood.

Despite the rdjustmcnts to flows to accoult
lbr the inclease in contributing area. nloving the
gauge on thc Nicomckl River has sigrificantl,v
r l t .  r r :d  thc  mrr imunrdu i l5  and t t r . r r i t t tu tn  in . t ln -
laneous flows. The arer added k) thc basin. al-
though small, is intenscly urbanized including
parking lots and conmercial development.

Conclusions

ln the Niconekl druinage. there have bccn sig-
niticant increases in monthly slrcam t' low and l0
year maximum instanlaneous flood sirce 1967.
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