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Abstract: A literature survey was conducted to review the historical ozone data from background stations
around the world to characterize background ozone levels and trends while also determining the reasons
underlying such trends. Ozone pollution is regarded as a great concern nowadays because of its potential
effects on human health and the environment especially vegetation. Historical increasing of ozone trends as
reported ranged between 0.06 and 2.6% year with some of the largest increasing trend were observed at
stations in Europe and Japan. For most stations, the trends were not consistent during the reporting period,
but from the year 1970s until the mid 1980s, the trends are generally larger and steeper compared to the year
1990s. Sensitivity studies using chemical transport model were conducted to explain the rising trends in
background ozone levels over the past decades.
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INTRODUCTION on non-biological materials as well. Damage to materials

Ozone pollution has been of great concern  in  the years. Most research has focused on economically
past few years because it is the most frequently occurring important or abundant materials that are susceptible to
secondary pollutant in the atmosphere [1] and produced oxidant damage. These include elastomers, textile fibres,
through photochemical reaction involving primary dyes and paints. Ozone results in a reduced breaking
pollutants such as nitrogen oxides (NO ), carbon strength and increased rate of wear. Ozone damagex

monoxide (CO) and volatile organic compounds (VOCs) usually takes the form of cracking leading to brittleness
[2]. WHO  has stated that tropospheric ozone has the [15]. Damage to paint is similar to that of elastomers, that1

potential to be very damaging to human health [3, 4]. It is is embrittlement and cracking due to chain scission and
also associated with 21000 premature deaths per year and cross-linking. The effects are small in comparison with
other respiratory diseases as mention by WHO . Among those of other factors. It has been shown that several2

the symptoms related to tropospheric ozone exposure pigments faded severely if exposed to ozone level typical
include asthma [5], decrease in lung function [6] and of a Los Angeles photochemical smog [16, 17, 18].
breathlessness. The intercontinental transport and Additionally, ozone may also affect photographic
hemispheric air pollution by ozone jeopardize agricultural materials [19] and damage books [20].
and natural ecosystem [7] worldwide and have a strong Sources of background ozone precursors come from
effect on climate [8]. Injury to vegetation is the most natural and anthropogenic sources, where urban areas are
common effect found on vegetation exposed to ozone the major anthropogenic sources of air pollution. The
pollution [9-14]. This effect on vegetation can have a increase in anthropogenic ozone precursor emission
significant  impact  on agriculture production, as crop (mainly NO  and VOCs) is due to the rise in energy
yield may be reduced due to ozone pollution. Past demands   resulting  from  urbanization  and  rapid
research also shows that ozone has a significant impact increase  in  industrialization  and   motorized  transports.

by photochemical oxidants has been studied for many

x
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There is also a greater concern of the contribution of today’s  background ozone levels in the central Europe
biogenic VOC emission,  where  its reaction products react are approximately 100% higher than those 100 years ago.
with NO  from anthropogenic and natural sources for The Montsouris data indicates considerable year to yearx

regional and urban ozone production [21, 22, 23]. In recent fluctuations but no discernable trend. The Arkona data
years, atmospheric ozone concentration is changing and show a marked increase in ozone towards the end of the
over the decades, various regions of the globe have 1970s of 2-3% per year and a tendency for ozone to
shown divergent trends of tropospheric ozone. This paper decrease after 1979 [28]. This decrease is not easily
focuses on the current ozone background levels and explained from the current knowledge of ozone loss and
trends from different ozone background stations around formation processes [29]. Concern about the positive
the world. A survey of past literature was done to further trend of tropospheric ozone at mid-latitudes of the
understand the recent surface ozone data from Northern Hemisphere has focused attention on historical
background stations from around the world. Trends of ozone  observations  made by the Schobein technique
ozone reported at different elevation measurements and one  century  ago.  Reevaluated  historical data from
period were studied to evaluate the increase trends at the South America show that one century ago the surface
background ozone stations. ozone levels at mid-latitudes of the Southern Hemisphere

Historical Background Ozone Concentration and Hemisphere. Currently, mid-latitude ozone levels of the
Trends: The determination of a secular trend of ozone Southern Hemisphere are lower than those of the
requires continuous or quasi-continuous measurements Northern  Hemisphere,  indicating a change with respect
over a sufficiently long time period. Additionally, there is to the past century.
often uncertainty in the data due to the measurement In Table 1, the highest recorded increase of ozone
technique used, artifacts, calibration and siting problems. trends  is 2.6% per year, while the lowest increase
When considering the trends one should make a recorded is 0.06%. For stations in Japan and Europe,
distinction between free tropospheric levels, levels in the largest rise in trends can obviously be found, with
less polluted background or rural areas and levels in average recorded increase ranged between 0.07 and 2.6%.
urban areas which are to a great extent influenced by At Hohenpeissenberg (elevation 975 m) in Southern
anthropogenic emissions. Tropospheric ozone originates Germany, measurements covered a long time period.
from both downward transport of ozone from stratosphere Continuous ozone measurements commenced in 1971.
and in situ photochemical production [24]. Polluted air Over the full period of the records (up to 1988) both
masses from urban and industrial areas can affect rural stations, which are about 800km apart, show a positive
areas at considerable distances and even affect ozone trend of about 1% per year. There are marked differences
concentrations in parts of the free troposphere. It must be in the fluctuations over various subperiods at the two
clear that the free troposphere and different regimes of the locations [30]. A larger increase in mean surface ozone
boundary layer may influence one another. (~2.1% per year) in 1970s compared with that in the 1980s

In addition to the recent tropospheric ozone (~0.5%  per  year)  is  evident  at Hohenpeissenberg.
measurements, there are a few historic records of surface These  differences  may  result from a combination of
ozone measurement. However, most of the historic data is many factors which include photochemistry, changes in
unreliable because of the uncertainties in the surface deposition, local changes in atmospheric
measurement method used. It has been established, circulation and data quality. Low et al. [31] have shown
however, that towards the end of the nineteenth century that the uncertainty due to SO2 interference, at
surface  ozone measurement were approximately half of Hohenpeissenberg during pre-1976 period, could have a
the mean of daily maximum of observations taken during significant effect on the apparent upward trend and
the last 15 years at similar locations in Europe and North possibly lead to its over estimation by a factor of 3.
America  [25].  The most important set of historical data is Through 1970s until mid 1980s, generally larger
series is daily means collected at the Montsouris trends  were observed, though during the reporting
Observatory  in  Paris  between  1876 and 1905 [26, 27]. period,  trends  at  most  stations  were inconsistent.
Disregarding the apparent trend in the Arkona data, the Direct  comparison of ozone trends between those
annual average ozone concentration during the 30 year stations may not be possible. However, this compilation
period following 1956 was about 21 ppv. This shows that of  increasing  background  ozone trends is useful to see

were comparable to those observed in the Northern
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Table 1: Increase of ozone trends based on background  stations  reporting  at the surface, near surface (900mb) or in the lower troposphere (850-700mb,
between ~1500 and 3000m)

Stations Time of record Measurement elevation Trend (% per yr unless otherwise) indicated References

Sapporo, Japan 1969-1982 Near surface + 1.3±1.7 [58]
Tateno, Japan 1969-1982 Near surface + 2.3±1.0 [58]
Mauna Loa, Hawaii 1974-2001 Surface (3397 m) + 0.15±0.06 CMDL (2004)b 3

Cape Grim, Australia 1982-1995 Surface (104 m) + 0.18±0.14 [59]
Cape Point, S. Africa 1983-1995 Surface (260 m) + 0.53±0.34 [59]
Alert, Nunavut 1987-2001 Surface (62m) + 1.2±0.8 [60]
Eureka, Nunavut 1980-2001 Surface (10m) + 2.6±2.1 [60]
Resolute, Nunavut 1980-2001 Surface (64m) + 0.2±0.6 [60]
Zugspitze, Germany 1978-1995 Surface (2962 m) + 1.48±0.51 [59]
Arkona, Germany 1956-1990 Surface (42 m) + 1.12±0.38 [61]

+ 0.98±0.86 [62]
Point Barrow, Alaska 1974-2001 Surface (11 m) + 0.07±0.04 CMDL (2004)b 3

Mace Head, Ireland 1987-1995 Surface (25 m) + 0.19 [63]b

Saturna Island, B.C 1991-2000 Surface (178 m) + 0.94±0.74 [64]
Lassen Volcanic Nat. 1988-2002 Surface (1756 m) + 0.60±0.30 [65]
Park, California  Wallops Island, Virginia 1970-1981 Near surface + 0.9±1.2 [58]a

1970-1995 Lower troposphere + 0.06±0.24 [59]
Whiteface Mountain, N.Y 1974-1995 Surface (1480 m) + 0.45±0.22 [59]
Okinawa, Japan 1989-1997 Near surface + 2.5±0.6 [66]

1989-1997 Surface (76 m) + 2.6±2.0 [66]
Tsukuba, Japan 1969-1995 Lower troposphere + 0.93±0.26 [59]
Payerne, Switzerland 1968-1977 Near surface + 0.6±1.5 [58]
Switzerland, various sites 1991-1999 Surface + 0.4-0.9 [67]b

Hohenpeissenberg, 1976-1992 Surface (975 m) + 0.9±0.3 [62]
Germany Surface (975 m) [68]

1971-1988 Lower + 1.02±0.60 [59]
1967-1995 Troposphere + 1.48±0.22

Dresden 1952-1984 + 2.6±1.6 [69]
Kalternnordheim 1955-1983 + 3.1±2.1 [69]
Gr. Inselberg 1972-1983 + 3.1±2.4 [69]
Fichtelberg 1954-1984 + 1.1±2.0 [69]

Spring dataa

Units in ppb yrb

the patterns of ozone in different parts of the world, year  in  the  first  three kilometres of the atmosphere in
particularly in Europe and Asia. These stations can be the Northern Hemisphere is found by averaging over all
grouped into Northern and Southern Hemisphere. Due to stations in Table 1. Average trend in the troposphere
limited observations being made in the Southern above this altitude were not significant. At Cape Point,
Hemisphere, it is difficult to distinguish the southern part South Africa and Cape Grim, Australia, small increasing
of the globe and also to make a direct conclusion whether trend was observed that may signify African biomass
hemispheric difference affected the background ozone burning [34]. Through careful observation, we can see
concentrations. Barrow and Mauna Loa in the Northern that ozone trends from year 1980 onwards are either
Hemisphere and Cape Point and Cape Grim in the escalated in a smaller scale or have remained invariable
Southern Hemisphere are sited such that ozone [35, 36].  Deterioration of nitrogen oxide emissions in
concentrations  can  be  considered to be representative North America and Europe and declination in carbon
of the region at large. Positive trends in the Northern monoxide concentration [37] are the possible factors that
Hemisphere are observed at sites remote from industrial may have influenced the trend of smaller increase rate of
emissions [32, 33]. A significant trend of 0.8 (±0.5)% per background ozone levels.
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Explanation on Probable Causes for Observed Ozone impact on North America, where the region is affected by
Trends:  There  are  a  number  of  causes  that  are related trans-Pacific transport of Asian pollution. Other studies
to the increasing trends of ozone concentration as [49, 50, 51] have suggested that North American pollution
reported in past literatures. To investigate these factors, have affected Europe via trans-Atlantic transport, while
sensitivity studies have been conducted to further Asian region is affected by the trans-European transport
analyze and explain the increase in ozone trends such that of European pollution [52]. This is a critical problem that
has been done in Northern Hemisphere using several hampered the regions because the main sources of the
chemical transport models i.e. NASA GISS  and GEOS- pollution cannot be identified (thus making the regional4

CHEM . air  pollution  control  measures ineffective), while there5

Changes in the emissions of ozone precursors are no specific mitigating measures that can be taken to
significantly influence the background ozone level. curb this intercontinental transport of pollutants. It is
Tropospheric ozone level is largely affected by the important to note that western United States is also
decrease of NO  emission at point source and mobile affected by pollution coming from Asia, where the effectx

source,  while  reduction of ozone concentration over of trans-Pacific transport of Asian pollution directly
large area is due to removal of  area  and  non-area influenced  the  background ozone levels in that area by
sources of NO , eventhough the magnitude is not that 3-10 ppb. This effect is most prevalent in springtimex

significant compared  to  the  cases of point source and because the storm and frontal activity in Asia is most
mobile source [38]. NOx, CO, CH4 and non-methane frequent  and  the strongest westerly transport of Asian
hydrocarbons  are known to have increased, mainly due air across  North Pacific is most pronounced in this
to the anthropogenic emissions, in the Northern period [53, 54].
Hemisphere [39, 40]. Modeled result suggested that the If  intercontinental  transport  is considered as a
increase of surface emissions of NO  originated from factor that impacted the background ozone level trends,x

fossil-fuel combustion have had the largest effect on it is highly likely that trends in emissions of ozone
ozone in the lower troposphere since 1970. Evaluation of precursors from source areas will greatly influence the
the study have indicated that increase in emissions of trend of background ozone levels, since ozone formation
ozone precursors, particularly NO  could be the primary is dependent on its precursor’s emissions. The increasex

cause of more than 10% increase in year round ozone over of NO emissions from East Asia, particularly from China
Canada, Europe and Japan, while also causing another has led to the deterioration in air quality in many regions
20% increase over Europe and Japan during summer. of the country. This is due to the increase motorization in
Model studies have also indicated that a significant China where transportation sector contributes to 37%
portion  of  the  increase in ozone may be connected to production of NO , in which NO  is an essential precursor
the increase in global anthopogenic NOx emissions while that make up ozone formation [55]. If developing countries
the contribution of CH4 to the increase is small [41]. continue produce emission according to their projected
Further increases in NO  will contribute to a continued increasing trends, emission contribution from Asianx

rise in free tropospheric ozone, while the occurrence of countries will rise.
ozone episodes in the boundary layer may not change Another  possible  reason  that  leads  to  the
much  [42].  However,  the same cannot be said for changes in background ozone level is the influence of
hydrocarbons emissions. As opposed to NO  emissions, stratospheric-tropospheric  ozone  exchange.  Sources ofx

the rise of hydrocarbon emissions from combustion of stratospheric  ozone  are  evaluated to put forth a small
fossil fuel has been moderate. Although the strength of but significant influence on ozone levels in the lower
regional high ozone episodes is been affected by the troposphere during the winter and spring at northern
long-term changes of hydrocarbon emissions, they do not midlatitudes, where ozone of stratospheric origin is
significantly contributed to the mean tropospheric ozone estimated to be approximately 10% of total ozone
trends, based on the model results presented [43, 44]. concentration. However, stratospheric ozone influence is

Intercontinental transport is another factor worth somehow  negligible during the summer [56]. Evaluation
considering  to  explain the observed ozone trends. of the ozone trends has estimated that the stratospheric
Several studies [45-48] have indicated that flux of ozone into the troposphere may have lowered by
intercontinental transport of ozone have a significant as much as 30% from early 1970s right through mid-1990s.

x

x x
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It is believed that the decline of stratospheric flux of trends globally. Characterization of background ozone is
ozone may be caused by ozone depletion in  the possible if global network exists. This network can also
lowermost stratosphere during spring and winter. play an important role in the evaluation of the impact of

Apart from the influence of stratospheric- emissions changes and intercontinental transport on
tropospheric ozone exchange effect, another important background levels. A good understanding of the
effect  that  consequently  related  to the possible cause anthropogenic development to the background  ozone
of changes in background ozone level as mentioned has become a vital point with the recent narrowing gap
above is the increase in UV radiation that reach the lower between air quality standards and objectives and
troposphere due to the decline in stratospheric ozone background  levels. Despite all the uncertainties, the
level,  in  which  photochemical production and ozone ozone background level data from past literatures
loss are expected to occur as the consequences to this provides us with an overview on the trends of ozone
effect. Modeled results have implicated that UV background level over the centuries. Much work  needs
radiation’s increase (due to stratospheric ozone depletion) to be done to observe the ozone background level at
do not  significantly  reduce  tropospheric ozone, except global,  regional  and  hemispheric  level.   Continuous
at  midlatitudes  in the Southern Hemisphere, following data collection from background stations is especially
the break up of the ozone hole. important in this work to better analyze the trends for

Although increases in surface and tropospheric further studies in the future, especially in projecting the
ozone  over  the  past century seems to be well distribution of background ozone globally in the future.
established,  its  magnitude  and   possible   causes  are
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