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Abstract: The New Zealand region of Canterbury has experienced over three years of frequent seismic activity, centred
under or near the main city of Christchurch. Larger earthquakes and aftershocks have triggered liquefaction in certain
parts of the city, depositing significant amounts of fine silt on the surface, which is a new source of dust emissions.
Historically, concerns about air quality in Christchurch have been dominated by emissions from wood burning in winter
for domestic heating. High emissions, along with frequent temperature inversions lead to regular exceedances of the
national standard for PM10 of 50 µg m-3 for a twenty-four hour average concentration. The health effects of PM10 are
widely acknowledged, and regulatory drives to improve ambient air quality are succeeding in recent years.
During 2011, ratios of PM2.5 to PM10 suggested that some periods of elevated concentrations were due to the liquefaction
from the earthquakes and that the silt may represent a novel air quality issue to be managed.
In addition, the earthquakes have damaged thousands of residences, causing changes in domestic heating practices as
many chimneys are destroyed or currently in need of repair. This will affect emissions in upcoming winters and thus, the
health burden may alter if a permanent step change in wood burning emissions is observed. However, the increased dust
levels from liquefaction introduce a potentially compounding factor to any estimates of exposure.
Thus, as a result of the earthquakes, air quality in Christchurch is rapidly changing with unknown effects on exposure and
ultimately, the health of the Christchurch population.
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1. INTRODUCTION
The city of Christchurch on New Zealand’s South Island
has experienced over three years of regular seismic activity,
beginning unexpectedly with an earthquake of magnitude 7.1
on September 4th 2010, just east of the city. Between then
and the end of 2012, there were over 10,000 aftershocks,
including three more quakes over magnitude 6.0. The most
devastating of these occurred on February 22nd 2011, which
killed 185 people and destroyed a large proportion of
Christchurch’s central business district. Throughout the city
over 70,000 residences and commercial buildings were
damaged.
The purpose of this letter is to inform about the initial air
quality effects observed in Christchurch related to the
continuing seismic activity, and to reflect upon the possible
future changes in air quality due to the earthquakes.
Liquefaction
A consequence of Christchurch’s sitting on an alluvial
plain is that areas of the city, particularly the eastern suburbs,
are built on sandy soils that lose cohesion during earthquakes
through a process called liquefaction. During liquefaction,
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large deposits of fine silt are brought to the surface. So far,
over 500000 tonnes have been cleared from the city [1], but
residues remain in places hard to reach with heavy
machinery and in areas that have been categorized as unfit
for reconstruction by the government. Fig. (1) shows the
location of Christchurch; and Fig. (2) shows areas of
substantial liquefaction damage in the city after the February
22 quake.
Relationships Between Urban Air Quality and Seismic
Activity
There is little documentation on the effects of
earthquakes on air quality, although there are interesting
investigations into using changing levels of air pollutants as
an indicator for imminent seismic activity in Greece [3] and
Taiwan [4]. From the little published research, air quality
effects from earthquakes are attributed to the dust generated
by the destruction of buildings [5]. Undoubtedly, there was
enormous dust generated during the February 22 earthquake,
as documented by Gilly Needham in Fig. (3); however
power to the St. Albans air quality measurement site (Fig. 2)
was knocked out by the quake and was not restored for three
days, meaning that no measurement data are available for
Christchurch for that period.
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Other urban areas have experienced liquefaction during
earthquakes, particularly in Greece [6] and Turkey [7], and
although work has been published on the dangers
liquefaction poses to buildings and industry, its potential
contribution to local air quality is unknown. Estimating dust
entrainment from any source is difficult, but particularly so
when the source is of an unknown size and broadly
distributed.
2. AIR QUALITY IN CHRISTCHURCH
Contributing Meteorological Conditions
Christchurch is located on the eastern edge of the
Canterbury plain approximately 100 km from the foothills of
the Southern Alps, which produce a regional katabatic wind
flow across the entire plain. More locally, the Port Hills
bounding the southern edge of the city rise up 400m and are
also a source of cold air drainage flows [8]. Both these
features contribute to frequent stable inversion layers over
the city during winter, which contribute to elevated PM10
concentrations.
Elevated PM10 Concentrations in Christchurch Prior to
September 2010

Fig. (1). Location of Christchurch (white star) on the eastern coast
of the central South Island of New Zealand. Map produced with
Googlemaps.

Christchurch experiences relatively good air quality
except during the winter, when emissions from domestic
wood-burning and frequent temperature inversions combine
to cause exceedances of the National Environmental
Standard for air quality (NESAQ), which for PM10 is a 24
hour mean concentration of 50 µg m-3. It is estimated that
70% of all PM10 in Christchurch is from domestic heating
[9]. As noted in other studies [10,11], most emissions from

Fig. (2). Map of observed liquefaction damage in Christchurch, produced by CERA, the Canterbury Earthquake Recovery Authority [2].
Black star is the location of the St. Albans air quality monitoring site.
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Fig. (3). Photo taken from the Port Hills looking north towards the city centre, 12 minutes after the February 22 earthquake. Taken by Gilly
Needham.

wood burning fall within the PM2.5 fraction. There is no
standard for PM2.5, however Environment Canterbury,
responsible for monitoring air quality in Christchurch, has
measured PM2.5 at its primary Christchurch monitoring site
in the suburb of St. Albans since December 2010. Fig. (2)
shows the location of the St. Albans site within Christchurch.
The following analysis of particulate matter concentrations is
undertaken using the hourly and 24-hourly averaged data
from this primary air quality monitoring site, using data
recorded by a Tapered Element Oscillating Microbalance
with Filter Dynamics Measurement System (TEOM FDMS).
Observed Ratio of Particulate Matter During Elevated
Concentrations
PM2.5 has been measured intermittently by Environment
Canterbury and, where data are available, a consistent
relationship between PM10 and PM2.5 has been observed
during wintertime periods of elevated PM10 concentrations,
shown in Fig. (4). For such periods, when the source of air
pollution is domestic wood-burning, PM2.5 concentrations are
at least 0.8 of PM10 concentrations. This has also been noted
in the research of [12]. Fig. (4) shows the relationship
derived from the historic data between PM10 and PM2.5
measurements, with around 90% PM2.5 per PM10 (regression
equation in Fig. 4).
3. AIR QUALITY SINCE THE EARTHQUAKES
Observed Ratio of Particulate Matter Post Liquefaction
Events
Environment Canterbury recommenced PM2.5 measurements at St. Albans in late 2010 after the September 2010
earthquake, to investigate whether PM10 concentrations were

Fig. (4). Historical PM2.5 and PM10 data from St. Albans monitoring
site, indicating a consistent relationship during elevated
concentrations [13].

being influenced by increased particulate matter in the coarse
2.5 to 10 micrometre size range. Since then, periods of
elevated concentrations have often fallen short of the 0.8
minimum ratio of PM2.5 to PM10 expected from the historical
data. Three periods of low ratios have occurred directly after
earthquakes with ground motions strong enough to trigger
liquefaction, namely 22nd February 2011, 13th June, 2011 and
23rd December 2011. A fourth period occurred when
Christchurch experienced two episodes of snowfall and
gritting took place – a rare event in Christchurch. Fig. (5)
shows the much more variable relationship between the
measured PM10 and PM2.5 during 2011 in comparison with
the historical relationship.
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repair or make safe the city’s buildings and infrastructure is a
continual, un-quantified new source. In addition to new
sources of coarse material, shifts in fuel consumption and
domestic heating requirements mean the level of fine
fraction PM may not have remained stable either. The
Ministry for Economic Development [14] reports that during
2011, demand for petrol decreased by 6% in Canterbury,
while demand for diesel increased by 5%. This is
presumably due in part to the extra heavy machinery in
operation in the city, while Stewart [15] reports that an extra
1500 truck movements per day were expected through to at
least June 2012 in order to clear demolition debris from the
city.

Fig. (5). PM2.5 and PM10 data measured at St. Albans monitoring
site during seismically active 2011, indicating a much larger coarser
fraction during periods of elevated concentrations [13].

Other New Potential Sources of Particulate Matter
The fact that certain periods of elevated concentrations of
coarse fraction PM10 are the direct result of airborne
liquefaction dust is supported by the timing of the days with
elevated concentrations in relation to the major quakes and
aftershocks experienced by the city. For instance, in the two
weeks after the February 22 quake there were strong winds
that would have contributed to the drying and re-entrainment
of liquefaction dust, which led to elevated concentrations of
coarse fraction PM10, as shown by the black data points in
Fig. (6). However, other periods, such as after the June 13
quake when wintertime wood-burning was occurring and
wind speeds were lower, are more ambiguous. Liquefaction
silt dust cannot be confidently distinguished from
combustion particles or the dust from grit applied to roads
during the snow storms.
The earthquakes have caused substantial dust from
destruction of buildings and roads, and the on-going work to

Fig. (6). Data points associated with particular PM inducing events.

Environment Canterbury has, since 1991, introduced a
series of measures to restrict the installation and use of open
fires and wood burners that are not accredited to a low
emission standard, as part of its air quality management
strategy. The restrictions on operating unauthorized burners
and open fires were not enforced during the winter of 2011
and 2012 in order that residents could heat their homes
however were possible. It is estimated that over 60000
residences are in need of repair [16] and much of the damage
will compromise the ability of a house to retain heat, exclude
draughts and maintain a warm, healthy internal environment.
Although many may begin to burn wood for domestic
heating, others will be unable to because of this damage. By
May 2012, 3000 claims for damaged open fires had been
made [17]. It is not possible to establish whether there has
been a net gain or loss of wood burner emissions over the
winter period and if there was a gain, how much of that was
due to the unusually cold winter creating more heating
demand compared with changes brought about by the
earthquakes.
Therefore, as a consequence of the 2010 and 2011
earthquakes, people in Christchurch were exposed to new
sources of PM10 material from liquefaction silt and building
collapse and demolition, and there were increased
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concentrations in Christchurch’s usual PM10 sources from
domestic fires (wood and coal) and diesel-powered vehicle
emissions. The exposure to some of these air contaminants
will continue as the city repairs and rebuilds.

These health effects will be challenging to distinguish
from the extra burdens brought on from living through
sudden traumatic and on-going stressful events and dwelling
within compromised homes.

Potential Health Effects

4. FUTURE AIR QUALITY IN CHRISTCHURCH

The World Health Organization [18] recommends an
annual mean concentration of PM10 of less than 20 µg m-3 to
guard against health effects. Christchurch’s 2011 annual
mean concentration was above this level for the first time
since 2006, and rose against a steadily decreasing trend.
Fig. (7) shows the decreasing trend in maximum hourly
values of PM10 since 2001, and how the 2011 values for
PM10 and PM2.5 compare. It suggests that the 2011 increase
was entirely due to increased coarse fraction PM, as the
PM2.5 value is in line with the trend. Measurements for 2012
to date, which include the winter period, show that the
decreasing trend has resumed and that 2011 was anomalous.

Discussion

The specific effects of breathing in liquefaction dust will
be directly linked to the size of particles inhaled and their
chemical nature. A recent report into the composition of the
liquefacted silt raises health concerns. Environmental
Science and Research [19] reports that the silica content of
Christchurch’s liquefaction silt could be as high as 66%, and
note that freshly exposed silica can have sharper edges that
can penetrate the lungs and can be potentially more harmful
than weathered silica particles. Although much of the
liquefaction silt is larger than PM10, it may be broken up into
smaller particles by being crushed under vehicle wheels and
thus, new dust might enter into the PM10 size fraction
without fresh liquefaction taking place.
Exposure to liquefaction silt dust was not uniform
throughout the city. The eastern suburbs were more prone to
liquefaction, with some areas being officially ‘red zoned’
and abandoned as future residential areas because of the
substantial land damage. The most deprived areas of the city
are also in the east of the city, meaning those being more
vulnerable to the effects of poor air quality were most
exposed to this source of air contamination.
It should be noted that the shift in fuel consumption also
has health implications. The extra diesel consumption may
be long-term, as reconstruction will continue for many years.
Diesel emissions are acknowledged carcinogens [20] as well
as contributing to the amount of finer fraction particulate
matter in the atmosphere, so this adds to the potential health
burden of the exposed populace.

It is clear from the increased periods of elevated
concentrations due to the coarser PM10 fraction, that a new
source or sources of particulate matter have been introduced
into the city of Christchurch. What is unclear, at this stage is,
how great a source liquefacted silt is in itself, compared to
the increased levels of dust due to the demolition of
buildings and road reconstruction that have also been a result
of the on-going earthquakes. Observations of this initial
period were compounded by 2011 being an unusually cold
winter, requiring gritting to take place and thus releasing
another source of crustal material into the city.
The downward trend in PM10 levels of previous years
seems to have resumed after the initial upset of 2011. The
2012 data suggest that liquefaction silt dust is no longer a
major contributor to Christchurch’s PM10 load (the PM2.5 and
PM10 fractions are almost equal, consistent with historical
data), and that most of the building demolition dust is being
managed (damped by water) or even if greater than PM10 and
therefore, while likely to have nuisance effects for some
individuals, is unlikely to represent a public health risk.
Factors working in favour of lower future concentrations are
the number of chimneys that have been destroyed through
the earthquakes and the opportunity to replace damaged
chimneys and wood burners with cleaner types of domestic
heat, such as heat pumps.
The implications of a step change in regular emissions
from domestic wood-burning must also be considered. It is
estimated that at least 10000 residences will need to be
abandoned [15] as well as the 60000 requiring repair.
Replacement of so many damaged burners or chimneys with
clean heat alternatives could see a marked improvement in
normal wintertime air quality in Christchurch. However, the
city’s infra-structure is precarious and residents may be
resistant to changing to heating sources that are vulnerable to
power outages. In light of that, there may be a swing towards
domestic burning as a more reliable heating source. Woodburners may remain an important primary or secondary
domestic heating method for many.

Fig. (7). Decreasing trend in maximum hourly PM10 concentrations compared PM2.5 concentrations in 2011 and 2012.
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Future Research

[2]

Environment Canterbury continues to measure PM2.5 at
its St. Albans site, in order to monitor the concentrations of
fine and coarse fractions. The health effects, if any, of the
liquefaction silt dust exposures will take time to manifest,
and it will be some time before the effects of the air quality
during the earthquake period can be distinguished from other
health impacts, such as the stress of the initial disaster and
on-going stress of living with aftershocks, and the greater
proportion of the populace living in compromised buildings
that are colder as a result. In addition the population in
question will not be static. There has been a net migration
away from Christchurch since February 2011, but with the
rebuild beginning, the city’s population will increase to meet
the demand for labour. Despite the methodological and
statistical challenges of analysing such factors, it is
worthwhile.
The upheaval in Christchurch will continue for many
years to come, not just through continued, but (it is hoped)
less frequent seismic activity, but through the massive
reconstruction effort required to rebuild the city’s centre and
infrastructure. This presents an important opportunity to
observe the effects of a natural disaster on a city and in the
future, how a substantial rebuild of a central business district
can change the air quality of a city through different land use
and traffic patterns. This could provide valuable insights for
other urban areas responding to seismic events or other
natural disasters throughout the world.
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