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Abstract. During the summers of 2001 and 2002, hourly average ozone concentrations were mea-

sured at three sites of differing elevation (188, 588, and 1221 m.a.s.l.) on the forested south-facing

slopes of the Lower Fraser Valley (LFV), British Columbia. Sites experienced ozone concentrations

ranging from 0 to 88 ppb in 2001, and 0 to 96 ppb in 2002. Daily patterns were in agreement with previ-

ous studies showing morning increases and late afternoon peaks. Reduced diurnal variation increased

the exposure of higher-elevation forested sites. An upper-level ridge coinciding with a thermal coastal

trough caused above-average ozone concentrations, and the ‘maximum acceptable’ 1-hour National

Ambient Air Quality Objective (AQO) of 82 ppb to be exceeded. Maximum ozone concentrations and

AQO exceedance frequency both increased with distance eastward in the valley. A preliminary survey

of ozone-like injury symptoms on native shrubs suggested that the elevated ozone levels occurring in

the LFV may cause injury to forest plants.
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1. Introduction

Global increases in tropospheric background ozone (O3) concentrations (McLaugh-
lin, 1998) and episodic elevated concentrations downwind of cites (Brace and
Peterson, 1998) – primarily from precursor emissions from the transportation sector
(McKendry, 1994) – have created considerable concern about the impacts of O3 on
forests. The Lower Fraser Valley (LFV) of British Columbia is one of three regions
in Canada where surface ozone concentrations are considered problematic (Steyn
et al., 1997). Provincial and National ambient Air Quality Objectives (AQOs) have
been formulated to protect human and environmental health from the negative im-
pacts of pollutant exposure. Presently, both the Canadian and British Columbian
1-h ‘maximum acceptable’ AQO for O3 are 82 ppb. This concentration is exceeded
approximately eight days each summer at one or more of the 24 monitoring stations
in the LFV (Pryor et al., 1995). The current 1-hour ‘maximum desirable’ AQO is
51 ppb.
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The area’s population now exceeds two million (mostly in Greater Vancouver),
and is expected to increase dramatically over the next decade (BC STATS, 2004).
Being located in a triangular shaped valley surrounded by forested mountains,
there is concern that O3 pollution levels may be high enough to impact forest
productivity or composition. Research immediately to the south in Washington
State has indicated that physiological damage to forest vegetation from O3 occurs
in the region, and is associated with the transport of urban pollutant plumes to remote
areas (Brace and Peterson, 1998; Brace et al., 1999). Their results also suggest that
O3 dose/exposure tends to increase with elevation. Long-term studies further south
in California have found both foliar injury and changes in forest composition in
mountainous areas downwind of urban centres (Arbaugh et al., 2003).

This study was conducted under ‘Pacific 2001’, involving collaboration be-
tween the Canadian Forest Service, Environment Canada, BC Ministry of Parks,
the Greater Vancouver Regional District and the University of British Columbia
(UBC). The two main objectives addressed by this research were (1) to document
ambient ozone concentrations in forests of the LFV and (2) to determine whether
current ozone exposures may cause physiological injury to forest vegetation. Al-
though preliminary in scope, this study provides the first assessment of ozone
exposure with elevation on the forested slopes of the LFV, and identifies potential
bioindicators in the region.

2. Materials and Methods

2.1. STUDY AREA AND SITE CHARACTERISTICS

Ozone and meteorological data were collected at three sites of differing elevation,
in and near UBC’s Malcolm Knapp Research Forest in the Municipality of Maple
Ridge, 75 km east of downtown Vancouver, in the LFV, British Columbia. The
location of the study area and each of the monitoring sites, in relation to both the
Georgia Basin and the rest of North America, is shown in Figure 1. Also included
on the map are locations for which supplemental ozone data were supplied by the
BC Ministry of Water, Land and Air Protection (WLAP, 2002) including, from
west to east, Burnaby Mountain (BM), Pitt Meadows (PM), Maple Ridge (MR)
and Abbotsford (AB). Each of these suburban locations is situated at an elevation
of 100 m.a.s.l. or less, except for Burnaby Mountain at 360 m.a.s.l. The region
is characterised by a Pacific Maritime climate. Low-pressure systems bring mild,
wet weather during winter months, and high-pressure systems bring warm-dry
conditions during the summer.

To examine both temporal and vertical variation in ozone concentrations, three
ozone and weather monitoring stations were deployed at 188, 588 and 1221 m.a.s.l.,
hereafter referred to sites 1, 2, and 3, respectively. Sites were chosen on the
north side of the LFV at forest edges allowing space for station construction, and
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Figure 1. Location (inset) and map of the Lower Fraser Valley showing the forest and suburban

monitoring locations just east of downtown Vancouver.

minimising the influence of vegetation uptake on ozone concentrations. South-
facing slopes were chosen to reflect ‘worst-case scenario’ radiation geometry
favouring both ozone formation and transport to higher altitudes (Sandroni et al.,
1994; McKendry and Lundgren, 2000), and to ensure sufficient energy conversion
by the solar panels.

Site 1 was located in a flat, open area and had a mix of native and non-indigenous
vegetation. Dominant trees included Alnus rubra (Red alder), Acer macrophyllum
(Big leaf maple), Pseudotsuga menziesii ssp. menziesii (Douglas-fir), and Thuja
plicata (Western redcedar). Dominant shrubs were Rubus discolor (Himalayan
blackberry), Rubus parviflorus (Thimbleberry), Rubus spectabilis (Salmonberry),
Spiraea douglasii ssp. douglasii (Hardhack), Vaccinium parvifolium (Red
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huckleberry), and Pteridium aquilinum (Bracken fern). Both sites 2 and 3 were both
located on exposed rocky ridges. The forests surrounding site 2 mostly consisted
of Tsuga heterophylla (Western hemlock) and Thuja plicata (Western redcedar),
with Gaultheria shallon (Salal), V. parvifolium, and P. aquilinum dominating the
under-story shrub layer. Site 3 was characteristic of the sub-alpine zone with Tsuga
mertensiana (Mountain hemlock), Abies amabilis (Amabilis fir), and Chamaecy-
paris nootkatensis (Yellow-cedar). Site 3 had Vaccinium ovalifolium (Oval-leaved
blueberry), Vaccinium membranaceum (Black huckleberry), Cassiope mertensiana
(White mountain heather), and Phyllodoce empetriformis (Pink mountain heather)
as dominant shrub species.

2.2. OZONE MONITORING

Ozone and meteorological data were collected from 27 June to 4 October 2001
and from 23 June to 3 October 2002. Three solar-powered ozone monitors and
adjacent weather stations recorded hourly average ozone concentrations and me-
teorological variables at each site. Each of the three sites was equipped with
a 250 cm tripod for instrument mounting, a meteorological instrument package,
ozone-monitor, and power supply. The meteorological instruments included an
EZ-Mount Weather Wizard III (Davis Instruments Corp.) to initiate measure-
ments and store the data supplied by a wind vane, cup anemometer, and tem-
perature/relative humidity sensor. Model 202 ozone monitors (2B Technologies
Inc., Golden, CO) measured ozone using ultra-violet light absorption at 254 nm.
Measurements of ozone concentration were taken every 10 s and then averaged
hourly. Hourly ozone concentrations were recorded in parts per-billion (ppb) for
both monitoring periods using a closed-path tube and filter system. The wind in-
struments were mounted at the top of the 250 cm tall tripod – the other sensors
were mounted between 50 and 200 cm in height above the ground. The ozone in-
take tube was located at approximately 1 m above ground at each of the sites. This
is considered representative of canopy height since the understorey and other low
vegetation were being observed for potential ozone injury, and since monitoring
was conducted at forest edges where the effects of plant uptake are assumed to
be minimal.

Meteorological and ozone data were stored using a Weather Link package (Davis
Instruments Corp.) and an internal device (2B Technologies Inc., Boulder, CO),
respectively. All sites experienced data loss due to power outages, equipment failure
and downloading error. For the forested sites – 82, 86 and 70 percent of all hours
(n = 2375) in the 2001 monitoring period were represented by the data for sites 1,
2 and 3 respectively, and 57, 65 and 55 percent of all hours (n = 2449) in 2002.
The data set from WLAP (2002) for the four municipalities shown in Figure 1, was
near complete, representing greater than 96 percent of all hours for each site in both
years.
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2.3. EVALUATING SYMPTOMS OF POTENTIAL FOLIAR INJURY

Vegetation was examined for symptoms indicative of ozone injury in the clear-
ings surrounding the three sites described above, every two weeks during the 2002
ozone-monitoring period. This allowed symptoms to be compared with ozone expo-
sures measured within 50 m of the affected plant. The clearings provided optimum
locations for foliar surveys, as leaf cuticles require direct sunlight to display visible
symptoms (Bergmann et al., 1999).

Observations began in late July 2002, when leaves had fully matured and dis-
coloration from autumnal senescence could be discounted; and were continued
biweekly through September. All assessments were made by the same observer to
reduce personal bias and maintain consistency (Krupa et al., 1998; Brace et al.,
1999). Symptoms considered indicative of potential ozone injury include upper
leaf surface discoloration (reddening, purpling or bronzing) absent near the veins;
inter-veinal stippling and necrosis; early senescence or leaf-drop; and for conifers,
needle chlorosis (Krupa and Kickert, 1997; Krupa et al., 1998; Brace et al., 1999;
Innes et al., 2001).

Previous chamber-fumigated and filtered-air studies were used to assess ozone
injury under ambient field conditions, as suggested by Kickert and Krupa (1991).
Despite limitations in verifying injury, Bergmann et al., (1999) suggest that visi-
ble injury is the first sign of damaging exposures. Individual broad-leaved shrubs
displaying any of the symptoms mentioned above, were chosen and tagged at each
of the three sites. Foliage on each individually tagged plant was digitally pho-
tographed and assessed for injury biweekly using the Horsfall and Barratt scale
which combines the percent of the plant having injured leaves, and the percent
of leaf area injury, into a single score (Horsfall and Barratt, 1945). The observed
symptoms, although typical, have not been verified under rigorous experimental
conditions (Koch, 1876) as being caused by ozone and, due to the subjective nature
of the analysis, are used here solely to illustrate the potential for injury. Differences
in the injury scores between site, species, individuals and observation periods are
examined below.

2.4. DATA ANALYSIS

The standard cumulative indices used to evaluate the potential for ozone injury to
vegetation, such as AOT40 (Fuhrer and Acherman, 1994) and SUM60 (Hogsett
et al., 1997), are not valid for use here since measurements represent only a portion
of the entire growing season. Due to the potential effects of data gaps on any analysis,
only summary statistics have been used. Data from each site were summarised by
identifying the maximum, minimum and mean ozone concentrations for each study
period and for each hour of the day. Hourly data were compared with AQOs to
identify any exceedances, and with synoptic weather data to identify conditions
associated with these exceedances. Synoptic-scale weather maps obtained from
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the web-site of NOAA-CIRES Climate Diagnostics Center in Boulder Colorado,
USA (http://www.cdc.noa.gov) were used to characterise meteorological events
and pollutant episodes. Linear regression was used to compare the dependence of
ozone concentrations on meteorological variables such as temperature and wind-
speed since these variables generally displayed a normal distribution. All data were
analysed using Microsoft R© Excel.

3. Results

3.1. OZONE EXPOSURES

Ozone data for the two years are summarised in Table I. In 2001, the mean
hourly ozone concentration was highest at site 3 (of highest-elevation) and mean
concentrations at site 3 were nearly double those at either the forested or suburban

TABLE I

Summary of ozone concentrations for 1 June–30 September, 2001 and 2002

Site Mean SD Max >51 ppb >82 ppb

2001

1 18 13 80 64 0

2 16 12 71 27 0

3 32 14 88 187 8

BM 17 10 91 18 2

PM 14 13 98 28 2

MR 16 13 87 46 2

AB 14 14 76 39 0

2002

1 13 14 96 29 3

2 19 11 65 31 0

3 22 12 69 34 0

BMa 14 11 57 9 0

PM 10 11 72 22 0

MR 11 12 71 35 0

AB 7 13 76 42 0

Note. The table gives the mean, standard deviation (S.D.), and maximum (Max.) con-

centrations for each monitoring site and supplementary location (WLAP, 2002), in ppb.

Also shown are the number of hours exceeding 51 and 82 ppb, the maximum desir-

able and maximum tolerable AQOs, respectively. Values are calculated from hourly

averages.
aIncludes data from June 1–August 30, 2002 only.
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sites. In 2001, the 82 ppb AQO was exceeded eight times at site 3 and twice at
each of Burnaby Mountain, Pitt Meadows and Maple Ridge, while the 51 ppb
AQO was exceeded much more frequently. The number of hours when the 51 ppb
AQO is exceeded generally increases with distance downwind (east) of the urban
plume source (Vancouver). At site 3, ozone concentrations exceeded 51 ppb for
187 hours during the 2001 monitoring period. Site 3 also had the highest hourly
maximum concentration of 88 ppb, 6 pbb above the ‘maximum acceptable’ AQO.
Of the suburban sites, mean ozone concentration was highest at Burnaby Moun-
tain (BM), which has the highest elevation (360 m.a.s.l.). Maximum concentrations
are important since intermittent exposure to high ozone levels may be particularly
damaging to plants (Krupa and Kickert, 1997; Sanz and Millán, 2000). All sites had
a minimum value of 0–1 ppb, suggesting that even at high-elevation sites, ozone is
periodically depleted. The standard deviation was high at all sites, with inter-site
differences being most closely related to peak concentrations.

The mean ozone concentration increased with height in 2002 for both the forested
and suburban sites. Despite this trend, site 1 (the lowest elevation) experienced the
highest maximum concentration in 2002 of 96 ppb, exceeding the 82 ppb AQO by
14 ppb. This AQO was exceeded only three times, and only at site 1, during 2002.
The ‘maximum desirable’ 1-h AQO of 51 ppb was again exceeded more frequently,
and the exceedance of this objective increased with distance eastwards in the valley.
Mean and maximum concentrations, as well as exceedances, were lower in 2002
compared to the previous year. In addition, the elevational ozone gradients were
less pronounced in 2002.

Differences in the extent of diurnal variation are illustrated by Figure 2, showing
mean diurnal ozone concentrations at each of the forested sites included in the 2001
(n = 98) and 2002 (n = 102) study periods. Daily patterns were similar in both
years and consistent with other studies in a variety of locations (e.g., Mexico; Fast
and Zhong, 1998: Lower Fraser Valley; McKendry, 1994), with ozone levels being
lowest at all sites throughout the night-time hours (after 23:00 PST) and beginning
to increase around 8:00 PST. Mean ozone concentrations peaked between 16:00
PST and 19:00 PST at all sites, representing a lag between peak production and
peak concentration in the urban plume (Brace and Peterson, 1998). In 2001, site
1 had the greatest diurnal variation and site 3 the least. In 2002, sites 2 and 3
showed comparable diurnal trends while concentrations at site 1 displayed an even
more pronounced diurnal variation than in the previous year. Standard deviations
increased with altitude and towards late afternoon, when all sites experienced their
daily ozone maximum.

The maximum values for all sites (except site 1) occurred during ozone
‘episodes’ in both years which, for our purposes, are defined as periods when
ozone concentrations were above average values for much of the day. The more
severe 2001 ‘episode’ led to numerous AQO exceedances and was associated with
both a sub-tropical ridge of high-pressure pushing into BC from the south-west and
the development of a thermal trough along the west coast extending northward from
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Figure 2. Seasonal-means of hourly average ozone concentration in ppb at each of the three study

sites of differing elevation, for both the 2001 and 2002 ozone monitoring periods. Error bars represent

one standard deviation from the mean.

the United States of America. Both of these synoptic features are associated with
above average ozone concentrations at the surface due to the elevated temperatures,
low mixing depths, low precipitation and high solar intensities that favour ozone
formation, and the accompanying westerly sea breezes that transport the urban
plume eastward into the LFV (McKendry, 1994).

The ozone concentrations associated with the episode from 8–17 August 2001
are shown in Figure 3(a) for the three study sites and Figure 3(b) and (c) for the
four municipalities. There is a trend towards less diurnal variation at the higher
elevation sites (a) than at the lower elevation sites in the valley (b and c), except
for the Burnaby Mountain site at 360 m in elevation. The higher elevation sites
also have a secondary nocturnal peak in concentrations. Exposure to O3 increases
with distance eastward, as ozone builds up in the triangular shaped valley. Peak
concentrations occur later in the episode for both high elevation and eastern sites
due travel time of the urban plume.

Two lesser episodes occurred in 2002 that were characterised by weaker surface
pressure gradients and the absence of an upper level ridge, leading to lower O3
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Figure 3. Hourly ozone concentrations at the three monitoring sites (a), and the suburban locations

of Burnaby Mountain and Pitt Meadows (b), and Maple Ridge and Abbotsford (c), during the ozone

episode from 8–17 August 2001.

concentrations than the 2001 episode, and to the 82 ppb AQO never being exceeded.
Both 2002 episodes were marked by the clear skies and elevated temperatures that
catalyse ozone forming reactions and showed similar patterns to the 2001 episode
but with lower ozone concentrations.

Linear regression of ozone concentrations with meteorological variables
such as temperature and wind-speed yielded low correlations and are there-
fore discussed only briefly. Coefficients of determination were the highest
for temperature, but were still low for both 2001 (r2; <0.32) and 2002
(r2; <0.52) suggesting that factors other than site-specific meteorological vari-
ables were responsible for both the spatial and temporal patterns of ozone
variation.
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TABLE II

Descriptions of foliar symptoms that were observed in the summer of 2002 for each monitored species

Species Symptom

Acer circinatum Moderate-severe intervienal red pigmentation

Acer glabrum Severe surface bronzing and curling of leaves

Cornus canadensis Moderate interveinal purple pigmentation, intensifying towards tip

Gaultheria shallon Moderate-severe surface bronzing and slight bifacial necrosis

on some leaves

Psuedotsuga menziesii ssp. Severe chlorotic mottle on most needles

menziesii
Rubus parviflorus Light purpling at leaf margins and slight surface bronzing

Spirea douglasii ssp. douglasii Moderate surface bronzing

Vaccinium membranaceum Moderate-severe reddening at leaf margins, some stipple, and

premature

Vaccinium ovalifolium Slight surface bronzing and reddening at leaf margins

Vaccinium parvifolium Moderate reddening at margins, dark stipple and premature

sensescence/leaf

Note. The location of the individuals displaying symptoms is given by site number.

3.2. EVIDENCE OF POTENTIAL FOLIAR INJURY

Symptoms indicative of ozone injury were found on two different species at site 1
(S. douglasii ssp. douglasii and V. parvifolium), five species at site 2 (A. glabrum,
C. canadensis, G. shallon, V. membranaceum, V. parvifolium) and two species at
site 3 (V. membranaceum, V. parvifolium). Symptoms are summarised by species in
Table II. At each site, species were represented by one individual except for Vac-
cinium spp., which may have had up to three individuals observed at any one site.
The observed symptoms are similar to those found under controlled conditions for
a variety of species (Ghosh et al., 1998; Krupa et al., 1998; Brace et al., 1999; Innes
et al., 2001; Novak et al., 2003) and are cautiously applied under field conditions.
The severity and extent of ozone-like symptoms tended to increase over time and
with elevation, as the accumulated ozone dose increased due to prolonged exposure
and consistently high ozone levels at higher elevations.

4. Discussion

The south-facing forested slopes studied here are particularly susceptible to sum-
mertime increases in ozone due to radiation geometry affecting ozone formation
within a plume, and the strengthened anabatic winds transporting pollutants to
sub-alpine areas (Sandroni et al., 1994; McKendry and Lundgren, 2000). Daytime
up-slope flows allow ozone-rich air to be transported from low-lying valleys to high
elevations, where it remains aloft following the formation of a night-time inversion
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(Brace and Peterson, 1998). Nocturnally, a residual layer develops aloft keeping
pollutant concentrations high in sub-alpine areas such as site 3 (McKendry et al.,
1997). If a site does not intercept the residual layer directly, local topographically-
generated katabatic winds can carry ozone-rich air from aloft down slopes (Wanner
et al., 1993; Brace and Peterson, 1998). Differences between 2001 and 2002 with
respect to the elevational and diurnal patterns in ozone may be due to interannual
differences in boundary-layer depth; however, an absence of temperature soundings
for the region makes this hypothesis un-testable.

Episode severity was responsible for the interannual differences in maximum
concentration and exceedance. The occurrence of ozone episodes is related to the
occurrence of sub-tropical high pressure systems pushing into British Columbia
from the south-west and the development of thermal troughs: leading to above
average ozone concentrations in both 2001 and 2002. These synoptic features are
known to enhance ozone formation in the region (McKendry, 1994), although they
usually occur in the presence of an upper-level high pressure ridge. In 2002 the
upper-level ridge was absent during ozone episodes. Instead, there was a splitting
of upper-level flow and a weakening of upper-level pressure gradients, thereby re-
ducing the production of ozone and the severity of episodes. Multi-day episodes
of high ozone concentrations at all elevations occurred in conjunction with high
midday temperatures (∼30 ◦C) decreasing towards the end of the episode, asso-
ciated with surface high-pressure systems. In addition, a secondary night-time
peak is apparent at the higher elevation forested sites and at Burnaby Moun-
tain located 360 m (Figure 3(a) and (b)), reinforcing findings by Salmond and
McKendry (2002) and suggesting that a stable nocturnal boundary layer persisted
throughout the August 2001 episode, causing temporary turbulent coupling of the
residual layer to the surface at higher elevation sites. The lack of a strong cor-
relation between temperature and ozone concentration suggests that other factors
are responsible for much of the variability in ozone concentration, such as to-
pography, synoptic weather systems, and temperature thresholds for ozone forma-
tion, breakdown and transport. Treffeisen et al., (2002) suggest that large-scale
meteorological fluctuations are responsible for the majority of maximum local
ozone concentrations. The occasional exceedance of the ‘maximum acceptable’
1-h AQO for ozone (82 ppb) and the frequent occurrence of hourly concentra-
tions exceeding the ‘maximum desirable’ AQO (51 ppb) suggest that current am-
bient ozone levels pose a potential threat to the health of both ecosystems and
humans.

Ambient ozone levels may adversely affect biological function in forest plants
at concentrations above 50 ppb (Reich and Amundson, 1985) and vegetation may
incur O3 induced reductions in growth and yield while displaying no visible symp-
toms (Krupa and Kickert 1997; Krupa et al., 1998). The foliar symptoms observed
here followed a seasonal progression, and were more common at higher elevations
where ozone is most persistent. It is therefore hypothesised that O3 may be responsi-
ble for at least some of the foliar injury observed on the south-facing slopes of LFV.
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Although this injury was observed in the field, was identified subjectively, and has
not been verified, symptoms observed were characteristic of ‘classic’ ozone injury
symptoms (Ghosh et al., 1998; Brace et al., 1999; Miller and Arbaugh, 2000; Innes
et al., 2001; Novak et al., 2003). Injury was more typical of chronic exposure symp-
toms which is in accordance with the lack of very high peak exposures (>150 ppb)
(Krupa et al., 1998). Shrub species that may prove useful as bio-indicators of ozone
injury in the region include V. parvifolium, V. membranaceum, A. circinatum, and
the conifer tree P. menziesii ssp. menziesii. These species have all previously been
found sensitive to visible O3 injury (Brace et al., 1999). Further research is required
before the foliar symptoms observed on various plant species of the LFV can be
diagnosed. Such research should focus on methods of microscopy or chamber fu-
migation, both of which were beyond the scope of this research. Other potential
causes of the observed foliar injury include insects, extreme weather conditions,
nutrient imbalances, exposure to pollutants other than O3, and infection by fungi,
bacteria or viruses (Krupa et al., 1998).

5. Conclusions

Results of this preliminary survey are consistent with studies elsewhere of the ef-
fect of elevation on ozone exposure. In particular, they provide confirmation of
the work conducted in a similar setting in Washington State and suggest that tro-
pospheric O3 may be becoming a regional problem. In the LFV, the urban plume
from Greater Vancouver is transported downwind (eastward) to rural and forested
areas where ecosystems become exposed to highly oxidative O3. At an elevation
of 1221 m, summer peak ozone concentrations may exceed the AQO of 82 ppb for
extended periods. Up-slope winds and stagnant meteorological conditions during
pollution episodes ensure that ozone generated in valley bottoms is transported to
high elevations where it may remain in an ozone-rich reservoir extending above the
local terrain (McKendry et al., 1997). Together with background free tropospheric
ozone, this reservoir contributes to the maintenance of elevated nocturnal concen-
trations at high altitude sites, and peak daytime concentrations of similar or greater
magnitude to those experienced in valley bottoms.

The results suggest that contemporary pollutant levels may be impacting forest
health in the LFV, especially at high elevations. This conclusion arises from the
occurrence of AQO exceedances at both the maximum desirable, and maximum
acceptable, levels, and the presence of foliar symptoms attributed to O3 injury.
Long-term monitoring of both air quality and potential bioindicator plant species
is required in the LFV before the threat to forests posed by O3 can be assessed
with sufficient confidence. Although air quality is monitored at various locations
in and around the LFV, measurements are all made in suburban areas near sea-
level (<100 m.a.sl.) thereby neglecting the influences of elevation on mean ozone
exposure. The effects of both transport and topography put forests at high elevations
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further eastward the in the LFV at increased risk of O3 induced changes in growth
and composition.

Given the expected population influx into the LFV, the associated rise in ozone
precursor emissions, and the growing concern about rising global background tro-
pospheric ozone concentrations, the extent of LFV forest potentially threatened by
ozone levels will likely increase in coming years. Forests in the LFV are utilised
extensively for recreation and timber harvesting. The long-term health and produc-
tivity of these ecosystems is directly tied to the province’s economy and the welfare
of the Valley’s population, while any threat to forests posed by atmospheric pollu-
tants must be taken into account if the area’s forests are to be managed sustainably
(Montreal Process, 1999). Policy development may be required to ensure that air
quality guidelines are met. Conversely, if future research determines that forests in
the LFV are not adversely impacted by ozone, current AQOs may require revisions
to meet regional requirements.
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