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Abstract: In the stream culvert discharge design guidelines of the Forest Practices Code (FPC) of British Columbia
(BC), the 100-year instantaneous flood (Q100) is assumed to be three times as large as the mean annual flood (Q2) re-
gardless of basin characteristics and location in the province. A regional linear moment analysis of annual maximum
flows is used to demonstrate that this assumption is invalid and thatQ100/Q2 ratios vary substantially with basin area
and climate. For the snowmelt-dominated peak flows in the Columbia and southern Rocky Mountains,Q100/Q2 de-
creases slightly with increasing drainage area, from 2.3 (1 km2) to 1.9 (100 km2). For the flood peaks generated by
rainfall and rain on snow in coastal BC, this range is 3.1–2.6. In the semi-arid Interior Plateau region, variability in
Q100/Q2 ratios is most dramatic. For a 10-km2 basin, the calculatedQ100/Q2 ratio of 4.9 is 1.6 times the assumed factor
of 3, while for a 1-km2 basinQ100/Q2 is 7.5 or 2.5 times this factor. UnderestimatingQ100/Q2 may lead to underdesign
and early failure of road culverts, and therefore, current FPC guidelines for estimating the 100-year instantaneous flood
may have serious adverse economic and environmental consequences in small Interior Plateau watersheds.

Résumé: Dans le guide de conception des ponceaux du Code de pratiques forestières de la Colombie-Britannique, la
pointe instantanée ayant une période de retour de 100 ans (Q100) est fixée à trois fois la pointe moyenne annuelle (Q2)
sans égard aux caractéristiques des bassins et à la localisation dans la province. Une analyse régionale des moments li-
néaires des pointes maximales annuelles est utilisée pour démontrer que cette supposition n’est pas valide et que les ra-
tios Q100/Q2 varient substantiellement selon l’aire du bassin et le climat. Pour les débits de pointe dominés par la fonte
des neiges dans les monts Columbia et Southern Rocky,Q100/Q2 diminue légèrement avec l’augmentation de l’aire
drainée, soit de 2,3 (1 km2) à 1,9 (100 km2). Pour les pointes générées par la pluie ou la pluie sur neige, sur la côte
de la Colombie-Britannique, ces ratios sont de 3,1 à 2,6. Dans la région du Plateau Intérieur semi-aride, la variabilité
des ratiosQ100/Q2 est plus dramatique. Pour un bassin de 10 km2, le ratio Q100/Q2 calculé de 4,9 est 1,6 fois plus élevé
que la valeur de trois qui est utilisée, tandis que pour un bassin de 1 km2, Q100/Q2 est égal à 7,5, soit 2,5 fois cette va-
leur. Le fait de sous-estimer le ratioQ100/Q2 peut entraîner une sous-estimation de la dimension des ponceaux de che-
mins qui deviendraient alors rapidement inadéquats. Les modalités actuelles du Code de pratique pour estimer la pointe
instantanée de 100 ans peuvent, par conséquent, avoir de sévères répercussions économiques et environnementales dans
les petits bassins du Plateau Intérieur.

[Traduit par la Rédaction] Beckers et al. 692

Introduction

Selecting a culvert size for a stream crossing should be
based on an economic evaluation of alternatives considering
cost factors related to original installation, maintenance, and
failure (Murphy and Pyles 1989). Failure costs include re-
placing the culvert, interruption of normal traffic flow, dam-
age to downstream property, and detrimental water-quality
impacts on community watersheds and watersheds with high
fisheries values. Failure costs are a function of the probabil-
ity of failure of a culvert associated with a certain peak flow
and the probability of occurrence of that peak flow in a cer-

tain year. The Forest Practices Code (FPC) of British Co-
lumbia (B.C. Ministry of Forests 2001) requires that road
culverts must be designed to pass the 100-year return period
instantaneous peak flow (Q100).

Because of the scarcity of streamflow information in
British Columbia (BC) it is very difficult to estimate the
100-year return period instantaneous peak flow. The major-
ity of hydrometric stations in the province are measuring
flows from watersheds larger than 100 km2, and site-specific
frequency analysis of annual flood series for small water-
sheds is typically not possible because of a lack of
streamflow data. The FPC recommends that theQ100 for un-
gauged watersheds is determined from site information on
stream dimensions. In this waterway area method it is as-
sumed that bank-full stage corresponds to the mean annual
peak flow (Q2). Once this bank-full level is identified
(Fig. 1), the corresponding cross-sectional area (A) of the
channel is determined from the mean width of the channel
between the top of its bank and the channel bottom, and the
corresponding mean channel depth. The area of the culvert
opening (Ac) required for passing the 100-year instantaneous
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peak flow is then taken to be three times as large as the
channel area corresponding to the mean annual flood:

[1] Ac = 3A

and the smallest pipe area that exceeds the required area,Ac,
is selected. There are a number of assumptions underlying
the above procedure. Firstly, it is assumed that the mean ve-
locity in the stream is equal to that in the culvert and that the
mean velocity in the stream for the 100-year flood is the
same as that for the mean annual flood. Secondly, while in
floodplain systems bank-full stage may reasonably corre-
spond to the mean annual flood (Leopold et al. 1964; Rich-
ard 1982), this relationship is unlikely to apply for all
situations. Williams (1978), in reviewing 64 studies con-
ducted in the United States, found that bank-full discharge
may correspond to a wide range of flood recurrence intervals
(1–2 months to 32 years). The discharge corresponding to
the 1.5-year peak recurrence interval represented bank-full
stage in only one-third of these studies. Mosley (1981)
found that bank-full flow in mountainous southern New Zea-
land corresponded to peak flow recurrence intervals of 1–
10 years, while in northwestern California, Nolan et al.
(1987) associated bank-full with recurrence intervals of
11 years to greater than 100 years. The third important as-
sumption, which will be the focus of this paper, is that the
100-year flood is always three times as large as the mean an-
nual flood regardless of catchment characteristics or location
in the province.

The FPC assumption of invariance of theQ100/Q2 ratio
(growth factor) is similar to premises underlying the index
flood approach to regional flood frequency analysis. The in-
dex flood method (Dalrymple 1960) assumes that within a
hydrologically homogeneous region, peak flows of different
catchments, when standardized by an index flood (usually
the mean annual flood), have a common probability distribu-
tion (Gupta and Dawdy 1995). In other words, the ratio of
any return period flood to the mean annual flood does not
depend on drainage area or any other catchment physio-
graphic or climatic parameter. These assumptions are closely
related to a theoretical property called simple scaling or sta-
tistical self-similarity of peak flows in a region (Smith
1992). The coefficient of variation (CV) or second-order
moment of peak flows is reflected in the slope of the cumu-
lative flood-frequency curve, where a wide spread in mea-
sured data corresponds to relative large differences between
return period quantiles (QT) and, therefore, large peak flow
ratios. If peak flows in a certain region obey simple scaling
then the CV of these flood peaks must be constant and inde-
pendent of catchment size. However, several studies have
shown that simple scaling of peak flows typically does not
hold and that the CV of peak flows may either decrease or
increase with drainage area (e.g., Dawdy 1961; Benson
1962; Smith 1992; Blöschl and Sivapalan 1997; Cathcart
2001). These departures from simple scaling that have been
known to exist for some time were incorporated in a theoret-
ical framework called multiscaling (Gupta and Waymire
1990) and challenge the adequacy of the index flood
method.

In this paper we will test the FPC assumption that the
100-year instantaneous flood is three times as large as the
mean annual for all basin areas and for all physiographic and

climatic conditions of BC. We will use a regional analysis of
annual maximum daily flows for the Coast region, for the
Interior Plateau region, and for the Columbia and southern
Rocky Mountains (Fig. 2) to highlight the multiscale behav-
iour of the CV of peak flows in the province. This statistical
analysis offers some insights as to differences in the
basinwide behaviour of runoff in these regions. We will then
quantify the effect of the inferred trends in CV with basin
size, climate and physiography onQ100/Q2 peak flow ratios.
Finally, we will use calculated peak flow ratios as a function
of catchment size for the three regions to discuss potential
economic and other consequences of errors made in assum-
ing a constant growth factorQ100/Q2 = 3 in the FPC method
for stream culvert discharge design.

Data selection and analysis

British Columbia is a mountainous region with a climate
that is controlled by the north–south orientation of these
mountains and their location on the Pacific Coast. To investi-
gate the scaling behaviour of floods for different climate and
physiographic regimes, annual peak flow data were analysed
for three physiographic regions: the coast zone, the Fraser
and Thompson plateaus (part of Interior Plateau), and the
Columbia and southern Rocky Mountains (Fig. 2). The
northern and central plateaus and mountains and the Great
Plains area in the northeast are not included in this study be-
cause of the sparsity of hydrometric stations and because the
three selected regions suffice to highlight extremes in the
scaling behaviour of the CV.

The coast region extends most of the length of the prov-
ince (Fig. 2) and includes both the windward and leeward
side of the mountains. It receives a high annual precipitation
that generally varies between 1250 and 5000 mm. Most of
the precipitation falls during the winter months. Streamflows
are generated by rain, snowmelt, or rain on snow depending
on the elevation of the particular watershed (Melone 1985).
The Interior Plateau is characterized by a semiarid and more
continental climate than the coast. The Fraser and Thompson
Plateau region, with a mean annual precipitation between
300 mm in low areas and about 1000 mm over the highlands
(Waylen and Woo 1982, 1984), is considered here to provide
a contrast with the wetter regions to the west and east. Pre-
cipitation for the Fraser and Thompson plateaus tends to be
evenly distributed throughout the year. Streamflows are gen-
erated largely by spring snowmelt and occasionally by rain
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Fig. 1. Identifying bank-full width (after Church 1992).
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on snow. In the third region, the Columbia and southern
Rocky Mountains, precipitation is highly variable ranging
from as low as 500 mm at valley bottom localities to up to
2500 mm on the west-facing slopes of the mountains. Most
of the precipitation falls in the winter months, and
streamflows are generated predominantly from snowmelt.

The analysis was conducted on annual maximum daily
discharges measured at unregulated streams (Environment
Canada 1994). The decision to use daily discharges was
based on the fact that the number of stations measuring daily
flows is substantially larger than the number of stations mea-
suring instantaneous flows. A basic assumption of flood-
frequency analysis is that there is no temporal trend to the
streamflow data caused by long-term climatic changes.

While climatic changes in BC have been documented
(Moore and McKendry 1996), with warmer winters and
smaller snowpacks prevailing since about 1977, their impact
on peak streamflows is less obvious. Alila (1998) detected
significant temporal shifts in annual peak flows in 16 of 41
long-term record stations in BC, warranting the use of an ap-
propriate standard climatic period to be used for all stations.
This period was selected to be 1960–1996. However, sam-
pling variability associated with the short data records for
most stations dominates over the subtler long-term temporal
trend in peak flows. It, therefore, does not make much sense
to limit the data record even further in an attempt to elimi-
nate potential effects of climate change that cannot be de-
tected in the majority of stations.

Fig. 2. Major physiographic regions of British Columbia with regions considered in this study superimposed.
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Linear (L) moments are used in the analysis because of
their advantageous statistical properties, which are important
when analysing the sparse BC database of streamflows.
The L moments suffer less from sampling variability than
conventional moments and are more robust to outliers in the
data and, therefore, enable more secure inferences to be
made from small samples about an underlying probability
distribution (Hosking 1990). Therth L moment of a random
variablex is defined as
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where F(x) is the cumulative distribution ofx, and x(F) is
the quantile function for the distribution. The first L mo-
ment, λ1, is the arithmetic mean, while the second L mo-
ment, λ2, is a measure of the dispersion analogous to the
standard deviation. The L coefficient of variation (L-CV) is
given byτ2 = λ2/λ1. For a random samplex1, x2, …, xn of the
distribution, letx1:n ≤ x2:n ≤ … ≤ xn:n be the ordered sample.
The rth sample L moment,λr , can be estimated by
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where the probabilitypi:n is estimated using an empirical
plotting formula. Equation 4 is used in this application to es-
timate L moments. The sample L-CV is estimated byt2 =
(λ 2/λ1). Hosking found it convenient to standardize the
higher L moments such thatt3 = (λ 3/λ 2) is a measure of the
symmetry of the sample and is referred to as L skew (L-CS),
and where the L kurtosis (L-CK) measures the peakedness
of the sample,t4 = (λ 4/λ 2).

The annual flood series at each hydrometric station is as-
sumed to be independent, random, homogeneous, and with-
out trends. The assumptions were tested by Alila (1998)
using four nonparametric tests contained in the consolidated
frequency analysis (CFA) package of Environment Canada
(Pilon and Harvey 1994). Subsequent to Alila’s analysis, re-
gression plots ofQ2 versus drainage area and L-CV versus
drainage area were visually assessed for outliers. These out-
liers were then reviewed to ascertain whether there was jus-
tification to move them to an adjacent region. If this was the
case, then corresponding region boundaries were adjusted
accordingly. Data points that did not appear to fit the scaling
pattern of any region were discarded only if a clear reason
for their anomalous behaviour could be identified (i.e., the
presence of an extreme event such as the supposed 100-year
flood in a short data record unduly affecting the flood statis-
tics for that catchment. Of all gauged catchments in the three
physiographic regions, 232 met the screening criteria of hav-
ing a minimum record length of 10 years, representing
unregulated natural flow regimes, passing all four non-
parametric tests at the 5% level of significance, and passing
the regression analysis screening. Of these 232 stations, 104
are located in the Coast region, 98 in the Columbia and

southern Rocky Mountains region, and 30 in the Fraser and
Thompson Plateau region.

Results and discussion

Scaling of the L-CV
The values of L-CV, as determined through single-site L-

moment analysis for each gauged watershed, were plotted
versus drainage area for each of the three physiographic re-
gions (Fig. 3). The first observation that can be made is that
L-CV is generally higher for the semiarid Fraser and
Thompson Plateau watersheds than for the wetter coast zone
and Columbia and southern Rocky Mountain watersheds.
Furthermore, the snowmelt-dominated Columbia and south-
ern Rocky Mountains tend to be characterized by lower val-
ues for L-CV than the rainfall and rain on snow dominated
coast region. These differences in the magnitude of the CV
among physiographic regions are greatest for small basins
and diminish with increasing drainage area. At the smallest
scale of headwater catchments, climatic and geographic fac-
tors exert the greatest control on differences in flood genera-
tion among the regions as precipitation and snowmelt
translate directly into streamflow through hillslope runoff.
At the largest basin scales, the channel component of
streamflow generation dampens the variability in the annual
flood series as caused by year-to-year variations in precipita-
tion and snowmelt patterns.

The L-CV decreases with increasing drainage area in all
three regions. Earlier studies have shown that in many re-
gions, the CV tends to change with basin area, with the typi-
cal pattern being a decrease in CV with increasing area
(Dawdy 1961; Benson 1962). This pattern has been ascribed
to the increasing significance of base flow with increasing
basin size (Blöschl and Sivapalan 1997) or the limited spa-
tial extent of extreme rainfall, which leads to the decrease in
CV of rainfall intensity with increasing area (Fiorentino and
Iacobellis 2000). Furthermore, as a large basin is composed
of many sub-basins, which contribute flows to the large ba-
sin at different times because of varying storm response
characteristics, there is often a desynchronization in flow de-
livery. As a result, the maximum large basin flows are miti-
gated to some degree and, consequently, do not as directly
reflect the high variation of precipitation as do small basins.

The decrease in L-CV with drainage area is weakest for
the Columbia and southern Rocky Mountains watersheds
(Fig. 3). Therefore, the scaling behaviour of the L-CV for
this region is closest to what could be considered simple
scaling. Ribeiro and Rousselle (1996) and Pandey (1998)
provide similar examples using Canadian flood data. Both of
these examples involve floods that are largely driven by
snowmelt, which lends support to the hypothesis that
snowmelt floods tend to exhibit simple scaling behaviour.
This idea was introduced by Gupta and Dawdy (1995) and is
not a surprising discovery, as snow tends to melt at a rela-
tively uniform rate and the volume of runoff is almost di-
rectly proportional to the amount of snow cover.
Consequently, in watersheds that regularly develop an an-
nual snowpack, the runoff from each sub-basin should be
reasonably proportional to basin size, which implies that the
variation of annual floods should be similar regardless of
sub-basin size. In areas dominated by rainfall-generated
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floods, it has been suggested that the multiscaling of floods
is simply a reflection of the multiscaling behaviour evident
in rainfall (Gupta et al. 1994). The spatial variation in rain-
fall results in different levels of annual flood variation at dif-
ferent scales. Regions that exhibit both rainfall (or rain on
snow) and snowmelt floods will likely also exhibit multi-
scaling if different flood mechanisms dominate at different
scales. We believe that this explains the strong scaling pat-
terns for L-CV in the Interior Plateau region.

There is considerable scatter of the actual data points
around the power regression lines of L-CV versus drainage
area for each region leading to lowR2 goodness-of-fit values
for the regression models (Fig. 3). Sampling variability
caused by the relatively short record length of the annual
flood series may explain a substantial portion of this scatter.
Some of the scatter is perhaps explained by ignoring factors
other than drainage area in the regression. Unaccounted ad-
ditional factors may include mean elevation of the basin,
land use (e.g., fractional forest cover), or length and slope of
the main stream channel (Leith 1975; Jennings et al. 1994),
but unfortunately, such information is not readily available
in digital format for BC. Therefore, in our opinion the mod-
erate to poor fit of the regression models to the L-CV data is
heavily influenced by present data limitations. Nevertheless,
based on the causative (physical) explanations offered for
the L-CV scaling patterns, we propose that these patterns are
real and cannot be ignored operationally.

Because the above analysis was conducted for daily rather
than instantaneous flows, questions may arise whether scal-
ing patterns for L-CV similar to those in the daily peak flow
data are evident in the instantaneous peak flows. This ques-
tion is important, because the slope of the cumulative flood
frequency curves and the corresponding peak flow ratios
(e.g.,Q100/Q2) depend on the magnitude of the L-CV. There-
fore, the L-moment analysis as described in Data selection

an analysis was repeated for the instantaneous peaks
(Fig. 4). The L-CV scaling trends appear to be reasonably
similar for the annual maximum daily and instantaneous
peaks (compare Figs. 3 and 4), but the larger scatter in the
latter database makes it difficult to identify L-CV scaling
trends. This larger data scatter is expected as instantaneous
flows vary more dramatically in magnitude than do daily av-
eraged flows and is compounded by the smaller number of
stations measuring instantaneous flows. Despite these limita-
tions, the data permit one to suppose that conclusions drawn
from an analysis of annual maximum daily flows will be ap-
plicable to the instantaneous peaks.

Higher order statistics were also determined from the L-
moment analysis of annual maximum daily discharges.
Higher order statistics are more sensitive to sampling vari-
ability and a plot of L-CS versus drainage area (Fig. 5) dem-
onstrates that any scaling trend for L-CS is obscured by the
presence of large data scatter. Similar observations were
made in exploring evidence for scaling behaviour of L-CK,
highlighting current limitations of the BC database of
streamflows for constraining multiscaling behaviour in re-
gional flood frequency characteristics. Therefore, the L coef-
ficients of skew and kurtosis are considered constant (L-
CS = 0.17; L-CK = 0.19) in discussing implications of our
regional L-moment analysis for the FPC guidelines.

Implications for the FPC guidelines
Flood-frequency curves were calculated to investigate the

impact of the identified L-CV multiscaling patterns for
Q100/Q2 peak flow ratios. An emphasis was put on the small
catchments for which the FPC is mostly intended, and flood
frequency curves were generated for hypothetical drainage
areas of 1, 10, and 100 km2 in each of the three physio-
graphic regions. The values of L-CS and L-CK were kept
constant, while L-CV was varied according to parameter val-
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Fig. 3. Scaling behaviour of the L coefficient of variation for the annual flood series derived from daily flow data for three physio-
graphic regions.
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ues given in Table 1. These sample statistics were used to
calculate the location, scale, and shape parameters of an as-
sumed flood frequency distribution. Floods at various return
periods (QT) are scaled to the mean annual flood to facilitate
their comparison across spatial scales and climate regimes.
Alila (1998) showed that several three parameter distribu-
tions, but mainly the general logistic (GLO) distribution and
the general extreme value (GEV) distribution, best describe
flood data in the province. For calculatingQ100/Q2 growth
factors it was found that the GEV and GLO distributions re-
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1 km2 10 km2 100 km2

Columbia – southern Rocky
Mountains

0.20 0.18 0.16

Coast 0.31 0.26 0.22
Fraser–Thompson plateaus 0.80 0.53 0.35

Table 1. Values for the L coefficient of variation for three phys-
iographic regions and three catchment sizes as determined from
the regression lines in Fig. 4.
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Fig. 4. Scaling behaviour of the L coefficient of variation for the annual flood series derived from instantaneous flow data for three
physiographic regions.
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to the mean annual flood,Q2, to facilitate comparison across scales and physiographic regions.
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sulted in similar estimates of the 100-year flood, and only
the GEV results are discussed here.

Flood-frequency curves (Fig. 6) illustrate the quantile sen-
sitivity to basin scale and climate regimes. Variations in L-
CV for different catchment sizes and physiographic regions
affect the steepness of the cumulative flood frequency curve
and peak flow ratiosQT/Q2, where an increase in L-CV
leads to a steeper curve and greater peak flow ratios. Differ-
ences inQT/Q2 between physiographic regions are most pro-
nounced for small catchments and diminish with increasing
drainage area. These trends again are a result of the decreas-
ing importance of climatic and geographic influences on
flood generation with increasing catchment size.

Variations in the slope of the cumulative flood-frequency
curves across spatial scales are most dramatic for the Fraser
and Thompson Plateau region, are much smaller for the
coast zone, and are only minor in the Columbia and southern
Rocky Mountains (Fig. 6). TheQ100/Q2 growth factors were
calculated for the selected drainage areas in each region.
These calculations (Table 2) show that for the Columbia and
southern Rocky Mountain region,Q100/Q2 falls in a narrow
range across spatial scales: 1.9–2.3. The FPC assumed ratio
of 3 clearly overestimates the growth factor between the
mean annual flood and 100-year flood in this snowmelt-
dominated region. For the coast zone, the bias in the FPC as-
sumed peak flow ratio appears insignificant, with variations
in Q100/Q2 between 2.6 and 3.1. The failure of the FPC
guidelines for estimating the 100-year flood from the mean
annual flood is most dramatic for small catchments in the
Fraser and Thompson Plateau region. In this region, the
Q100/Q2 growth factor is underestimated, and this bias be-
comes increasingly severe as drainage area decreases. For a
10-km2 basin, the calculated growth factor of 4.9 is 1.6
times the assumed factor of 3. For a 1-km2 basin, the esti-
mated value of L-CV = 0.8 leads to aQ100/Q2 of 7.5 or 2.5
times the FPC assumed growth factor.

Conclusions

The regional L-moment analysis of annual maximum
daily flows conducted in this study clearly invalidates the
FPC assumption of a constantQ100/Q2 growth factor of three
across spatial scales and climate regimes in BC. Constancy
of this peak flow ratio requires that all floods have a com-
mon probability distribution, which implies that the statisti-
cal moments of this distribution, such as the L-CV, are
independent of drainage area or any other catchment physio-
graphic or climatic parameter. However, our regional L-
moment analysis demonstrates that the L-CV varies substan-
tially with catchment scale and that this variability is differ-
ent in different physiographic regions. The statistical
analysis offers some insights as to differences in the basin-
wide behaviour of runoff in these regions. The L-CV is gen-
erally higher for the semiarid Fraser and Thompson Plateau
watersheds than for the wetter coast region and the Colum-
bia and southern Rocky Mountain catchments. Furthermore,
the snowmelt-dominated Columbia and southern Rocky
Mountain basins tend to be characterized by lower values for
L-CV than the rainfall and rain on snow-dominated coast-
zone catchments. These differences are greatest for small

watersheds and diminish with increasing drainage area,
pointing to a decreasing influence of climatic and geo-
graphic factors on flood generation with increasing catch-
ment size.

Variations in L-CV affect the shape of the flood-frequency
curve and the ratio of the 100-year flood to the mean annual
flood, where an increase in the L-CV leads to a steeper flood
frequency distribution and higher peak flow ratios. This vari-
ability is most severe for the small basins for which the FPC
is mostly intended. A flood-frequency analysis for these
small catchments indicates that for the coastal region, the
FPC assumed peak flow ratio of 3 appears appropriate, as
Q100/Q2 was found to range between 2.6 (100 km2) and 3.1
(1 km2). For the Columbia and southern Rocky Mountains,
Q100/Q2 also falls in a narrow range: 1.9 (100 km2) – 2.3
(1 km2), but the FPC-assumed ratio overestimates the growth
factor separating the mean annual flood and the 100-year
flood. Overestimating theQ100/Q2 ratio may lead to an
overdesign of stream crossings, depending on whether this
bias is mitigated or compounded by errors made in estimat-
ing the mean annual flood. Overdesign of road culverts gives
an extra factor of safety but also leads to additional installa-
tion and maintenance cost. This additional cost may become
severe if many stream crossings need to be built and main-
tained in a region whereQ100 is consistently overpredicted.
In the Fraser and Thompson Plateau region, theQ100/Q2
growth factor is underestimated, and this bias becomes in-
creasingly severe as drainage area decreases. For a 10-km2

basin, the calculated growth factor of 4.9 is 1.6 times the as-
sumed factor of 3. For a 1-km2 basin theQ100/Q2 is esti-
mated to be 7.5 or 2.5 times the FPC assumed growth rate.
Underestimating theQ100 may lead to an early failure of de-
sign structures such as road culverts. Adverse consequences
associated with the current FPC guidelines for estimating the
100-year flood, including replacing damaged culverts, inter-
ruption of traffic flow, damage to downstream property and
aquatic habitat, and detrimental water-quality impacts on
community watersheds and watersheds with high fisheries
values, therefore, may be most dramatic for small catch-
ments in the Interior Plateau.
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1 km2 10 km2 100 km2

Columbia – southern Rocky
Mountains

2.3 2.2 1.9

Coast 3.1 2.9 2.6
Fraser–Thompson plateaus 7.5 4.9 3.3

Table 2. Peak flow ratiosQ100/Q2 for three physiographic re-
gions and three catchment sizes as determined using the GEV
distribution fitted to parameters discussed in text.
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