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Overview
The Mace Head Atmospheric Research Station provides a stateoftheart facility to conduct
world leading research and monitoring in the areas of Air Quality, Climate Change and Air
Sea Exchange and contributes to numerous national, European, and global monitoring
networks. It is uniquely positioned to sample and study the cleanest background air entering
Europe from the Atlantic, and conversely, to sample and study polluted air exiting Europe
and being transported over the Atlantic. A wide range of the most advanced sensors in the
world are deployed to measure greenhouse gases, ozone, CFC’s and HCFC’s, aerosol
Particulate Matter (PM) properties, cloud properties, meteorology, including tropospheric
profiling, and airsea fluxes. The research and monitoring programmes contribute to
advancement of basic research knowledge and time trends in the areas of regional air
quality, long range transport of pollutants, climate change and biogeochemical cycling. Data
is webcast in real time and stored in local and international databases.

(Above) 144hour backward air trajectories arriving at Mace Head.
For this seven day period, Mace Head is encountering the cleanest
marine air over the North Atlantic.

Situated at the centre of the Atlantic coast of Europe, on the interface between the
ocean and the continent and the interface between the ocean and the atmosphere, the
research station at Mace Head, near Carna, Co. Galway, is ideally situated for the
study of the trace constituents in natural biogeochemical cycles and manmade
pollution that can influence our climate and atmospheric processes. Atmospheric
pollution is complex and transcends international boundaries, so research on it requires
international collaboration and a sharing of resources and expertise. Mace Head is
recognized world wide as a key location in the study of climate change and its facilities
have been used by scientists from over a hundred universities and institutions in more
than twentyfive countries. It is central to a number of international research networks
and, since 1994, it has been a baseline station for the Global Atmosphere Watch
(GAW) network of the World Meteorological Organisation for monitoring long term
changes in the global atmospheric composition. With open exposure to the North
Atlantic Ocean its location facilitates the study of marine and continental air masses. It
is an important point of contact between European and American scientists and it has
given Ireland and the University in Galway a high profile in research on important topics
such as global climate change, cloud physics, ozone depletion, and environmental
pollution.
Beginning in 1958, the station is operated by personnel of the School of Physics of the
National University of Ireland, Galway in collaboration with several international
projects. This booklet marks the Golden Jubilee of fifty years of research at the station.
It contains a short history of the development of the station and a summary of the
contribution of the work there to European and national policy on air quality and climate
change. In this overview a number of international experts outline the global importance
of the measurements at Mace Head on trace gases and aerosols. Recent
developments at Mace Head and plans for the future will be highlighted.
For further details about the Facility, the research work there, publications, contact
details and future developments please refer to our website at www.macehead.org
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Short History of the Physical Development of the
Mace Head Station

The initial research involved the use of two NolanPollak condensation nucleus
counters (CNC) to measure the average size of particles in the atmosphere and the
fraction of them that were charged. This was to investigate if ionization equilibrium
existed in air from the ocean. The work was occasionally interrupted by the occurrence
of bursts of high concentrations of very small particles, which seemed to come from the
littoral zone. This led to the construction of a portable CNC and investigations in to
trace gases in the field and in the laboratory, which were not conclusive.
In the 1960s the station welcomed researchers from other institutions. Personnel from
University College Dublin measured particles produced by breaking waves, radon
concentrations in maritime and continental air masses and the performance of an
automated NolanPollak CNC, especially at low concentrations. Researchers from the
University of Mainz studied the refractive index of marine air particulate matter at Mace
Head. We also developed an automatic NolanPollak CNC but this was used mainly for
urban pollution studies in Galway and Navan.

In the 1970s the emphasis of the research in the Department of Physics in Galway
changed somewhat and the Department moved into a new building. The study of ice
nucleation in the lower atmosphere began and subsequently expanded to noctilucent
clouds. Environmental energy research was undertaken on the use of wind turbines
and heat pumps. Two events, important for Mace Head, were the purchase by the
university of a site on Mace Head in 1973 and the organisation of the 9th International
Conference on Atmospheric Aerosols, Condensation and Ice Nuclei in Galway in 1977.
In 1985 the University converted the ruins of a cottage into a serviced laboratory and
aerosol research recommenced there in 1986. Since December 1986 Mace Head has
been one of five sites around the world studying the life times of some
chlorofluorocarbon and other gases in the atmosphere as part of the Advanced Global
Atmospheric Gases Experiment (AGAGE). From 1987 Mace Head was a station of the
European Tropospheric Ozone Research (TOR) network and still contributes on line to
European and American studies of ground level ozone concentrations.
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From 1987 to 1994 Mace Head was one of four primary sites for the Atmosphere
Ocean Chemistry Experiment (AEROCE) on biogeochemical cycles in the North
Atlantic Ocean, funded by the US National Science Foundation as a crucial component
of the IGAC North Atlantic Regional Experiment (NARE). The 20 m sampling tower and
instrumented van were installed in August 1989, after the European Community
changed its laws to allow the importation of such equipment for scientific research on
long term loan free of import charges.

In September 1987 the Galway group undertook a study on “Particulate matter in
Atlantic Air” which involved the construction of an automated NolanPollak CNC, the
use of an optical particle counter and the study of the volatility of aerosol particles. This
work was subsequently supplemented by impactor and beta gauge instrumentation
from the University of Hannover under an IrishGerman collaborative scheme. A
European project closely related to AEROCE was the EUROTRAC Air Sea Exchange
(ASE) programme held a measurement campaign at Mace Head in October –
November 1989 and a workshop for instrumental comparison in April 1991.
In 1994 Mace Head became a GAW station. From 1994 onwards Mace Head became
involved in many largescale EU projects such as BMCAPE, PARFORCE, QUEST,
MAP, EUCAARI, EUSAAR, GEMS, GEOMON and TEMIS as well as UK programmes
such as ACSOE and NAMBLEX.

Official Name: Mace Head Atmospheric Research Station
Postal address: Mace Head, Carna, Co. Galway, Ireland
Telephone: +353 95 32754
Mace Head Management Committee
Dr. Colin O'Dowd, Chairman
Prof. S. Gerard. Jennings, Secretary
Dr. Tom. C. O'Connor
Dr. Aodhagan Roddy
Address
School of Physics
National University of Ireland Galway
University Road
Galway, Ireland

Telephone: +353 91 493306
Email: colin.odowd@nuigalway.ie, gerard.jennings@nuigalway.ie
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Brief overview of instrumentation
Aerosol Instrumentation: A wide range of aerosol instrumentation is deployed a Mace
Head to measure aerosol microphysics, cloud condensation nuclei, hygroscopic
growth, scattering, absorption and Particulate Mass. Offline aerosol chemistry is
sampled while online chemistry is measured using aerosol mass spectrometry. Aerosol
Optical Depth is measured using a precision filter radiometer.
Gas Instrumentation: Monitoring of CO2, CFC's, HFC's is achieved through
deployment of gas mass spectrometers. CO2 and ozone fluxes are also conducted on
a continuous basis.
Meteorological and Profiling Instrumentation: Basic meteorological products include
wind speed, direction, precipitation, visibility, and UV radiation. Advanced
meteorological products include micrometeorology and fluxes. Two ceilometers are
installed for cloud base determination and aerosol vertical profiling while a microwave
radiometer is deployed to provide meteorological profiles up to 10 km. A KaBand
doppler cloud radar is also installed for provision of cloud properties and precipitation.

Data Infrastructure: All measurement systems are networked locally and data is
transmitted in real time to NUIG servers. Real time data is available from the facility
and is also webcast every 10 minutes.
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The coming into effect of the Kyoto
Protocol in February 2005 was a milestone
in the international climate change agenda.
Emission limitation and reduction targets
accepted by Annex B Parties to the
Protocol became binding in international
law and must be honoured over the
commitment period 20082012.
The
National Climate Change 20072012 sets
out how Ireland will deliver on its
commitment – through a variety of domestic measures to reduce emissions throughout
the economy, including participation in the EU Emissions Trading Scheme by all energy
and large industry sources. These measures will be supplemented, as necessary, by
the use of the Protocol’s flexible mechanisms to purchases of carbon allowances which
allow credit for investment in emission reductions elsewhere. The coming into effect of
the Kyoto Protocol in February 2005 also allowed the international climate change
agenda to move on, refocusing on the ultimate objective of stabilising greenhouse gas
concentrations in the atmosphere at a safe level. Transition to a lowcarbon future
presents an enormous mitigation challenge for developed countries, a challenge that
will demand significant change throughout the economy and society as a whole. The
fundamental need for change is reflected in the theme of the new national awareness
campaign Change.ie – Ireland’s
plan of action on climate change.
Maintaining its leadership in the
international
climate
change
negotiations, the EU has set itself
ambitious long term targets,
including proposals for 2020 under
which Ireland will be expected to
reduce national emissions to a
level significantly below 2005
levels.

Air Quality &
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Air quality in Ireland is
generally good partially as a
result of successful policy
intervention in the past,
particularly in relation to solid
fuels for residential heating in
urban areas where city smog
was a source poor air quality.

However, there are still
challenges to maintain good
air quality and develop policy
to address 'new' pollutants
like fine particulate matter
and deliver international
targets to address trans
boundary air pollution.

MODIS satellite image (right)
of pollution/smoke haze
resulting from long range
transport from Siberia arriving

EU Policy
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European Union policies on air pollution and climate change are made in a complex
landscape of institutions. They are embedded in policies that are developed at the
United Nations level, in particular the UN Convention on Long Range Transboundary
Pollution (UNCLRTAP) and the UN Framework Convention on Climate Change
(UNFCCC). The protocols under these conventions are legally binding for individual
nations (Parties).The EU translates the UN conventions in binding legislation
(Directives) for it Member States. The EU has in principle more power than the UN to
monitor the implementation of its Directives and to take sanctions in case of non
compliance. UN Conventions have their Subsidiary Bodies for Scientific and Technical
Advice (SBSTA). In the
case of the UNCLTRAP
one of these bodies is
EMEP, which through its
Task Forces (TF) and
Centres keeps a well
established link with the
scientific community. The
UNFCCC has its own
SBSTA. In the EU the
European Commission is
responsible for developing
and
implementing
the
Directives. It is supported
scientifically by the Joint
Research Centre (JRC)
and the Directorate for
Research (DGRTD), which are both part of the Commission, and by external
consultants. There are strong collaborations between UN and EC scientific bodies. In
the nineties, EU air pollution policies followed the UN protocols. The National
Emissions Ceiling (NEC) Directive is based on the Gothenburg Protocol. More recently
(e.g. see the revision of the NEC Directive) the EU leads.

Air Quality &
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The lead of the EU in the UN climate negotiations is clear. Whereas initially air pollution
and climate change policies developed separately, both at UN and EU level, the EU
has now taken the lead in developing integrated air pollution and climate policies. In
particular, the revised NEC directive does take into account the cobenefits for air
pollution obtained by implementing the 2007 energy and climate package. It is
expected that the integration of air pollution and climate change issues will increasingly
be integrated. The next step expected is to integrate air, climate and biodiversity. The
scientific challenges to develop such integrated policies are still large.

(Above) A businessasusual scenario (without climate policy) would have given already
an increase in global mean temperature by about 1.4ºC, if we would consider only CO2
emissions. However the simultaneous emissions of aerosol particles and their overall
cooling effect has kept the temperature increase down to about 0.8ºC. Successful end
ofpipe air pollution policies in the developed world that reduce aerosol emissions (but
not CO2 emissions!) is responsible for the faster increase in global mean temperature
observed in the past two decades or so.

Air Quality &
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Using the ECHAM5 climate model
(right), further increase in global
and local temperatures by 2030
has been calculated, according to
the businessasusual scenario,
and according to a scenario that
implements maximum feasible
reductions (MFR) for air pollution
emissions. In the latter case, the
expected increase in global mean
temperature between 2000 and
2030 is about 1.1ºC. Together with
the
0.8ºC
warming
already
existing, that would bring is very
close the EU’s long term climate
target of 2ºC. (JRC study: Kloster
et al. Atmos. Chem. Phys.
Discuss., 2008).

The only way to reach the EU’s long term
2ºC target (left) is through climate
policies
reducing
greenhouse
gas
emissions. In any case, we expect a fast
increase in global and local temperatures
in the next decades, which might be
problematic for ecosystems and humans
to adapt to.
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EMEP
Mace Head is a “supersite” in the EMEP network of measuring sites in Europe. EMEP
(European Monitoring and Evaluation Programme) provides the technical underpinning
for the CLRTAP (Convention on Long Range Transmission of Air Pollutants). Level1
measurements include parameters required to describe basic aspects of particulate
matter, photochemical oxidants, acidification, eutrophication and heavy metals, as well
as their trends over time. Measurements at level2 can include in addition to level 1
requirements, fine time resolution (daily or by continuous methods), reliable gas/particle
distribution information for semivolatile nitrogen, and basic speciation of PM2.5
(PM<2.5μm) mass. For photochemical oxidants, level2 measurements include
nitrogen oxides using continuous methods and light volatile organic compounds
(VOCs) and carbonyls. For heavy metals, level2 includes air concentrations of Cd and
Pb (with Cu, Zn, As, Cr, Ni as a secondary priority) and Hg in air and precipitation.
POPs monitoring is mandatory in level2 and includes measurements both in air and in
precipitation. Mace Head also is an
EMEP
level3
site.
Level3
measurements are researchdriven
and respond to the EMEP
monitoring
objectives
and
challenges. The EMEP measuring
site network is a regional network
in Global Atmospheric Watch
(GAW).
see: http://www.nilu.no/projects/ccc/
http://www.nilu.no/projects/ccc/
reports/Monitoring Strategy_full.pdf

GAW

http://www.wmo.int/pages/prog/arep/gaw/documents/gaw17226sept07.pdf.
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Mace Head is a GAW (Global
Atmosphere Watch) Global
Station. GAW fulfils a need
and mandate from WMO
Members to understand and
control the increasing influence
of human activity on the global
atmosphere.
Among
the
challenges are stratospheric
ozone depletion and the
increase of ultraviolet (UV)
radiation, changes in the
weather and climate related to
human
influence
on
atmospheric composition, particularly, greenhouse gases, ozone and aerosols, and risk
reduction of air pollution on human health and issues involving longrange transport
and deposition of air pollution. This is done through maintaining and applying global,
longterm observations of the chemical composition and selected physical
characteristics of the atmosphere; emphasising quality assurance and quality control;
and delivering integrated products and services of relevance to users. Since its
inception in 1992, GAW has matured and developed into a programme with support
from more than 100 countries. The surfacebased observational network remains the
backbone of GAW. Twentyfour (24) stations (comprising one or several individual
sites) constitute the network of Global GAW stations, one of which is Mace Head.
Several GAW expert groups and central facilities exist under the oversight of the WMO
Commission for Atmospheric Sciences (CAS) and its Joint Scientific Steering
Committee of the WMO Open Programme Area Group on Environmental Pollution and
Atmospheric Chemistry (JSSC OPAGEPAC). The GAW strategy plan 20082015 can
be found at:

Trace Gas Research at Mace Head
CO2
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CO2 is the major greenhouse gas driving global warming. Atmospheric CO2
concentrations observed at Mace Head from 1992 to 2008 illustrate well the increase in
the accumulation of CO2 in the atmosphere. Each datum is selected according to the
origin of the air mass sampled at the observatory: marine sector (blue circles),
European sector (green circles) and local sector (grey dots).

Advanced Global Atmospheric Gases Experiment
CFC's and their replacements HCFC's
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CFC's contribute to Ozone depletion and also to global warming. Time series trends of
CFC's are shown above. Decline is seen after the Montreal Protocol banning CFC's.
HCFC's, (also shown above) the replacements for CFC's, show a rapid rise following
their introduction (Ireland in the figures refers to Mace Head data).

Ozone
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Ozone, a pollutant and air
quality problem in the lower
troposphere, is exhibiting an
increase
in
background
levels as evidenced by the
time series trend at Mace
Head.

Methane
Methane
is
also
a
greenhouse gas with both
natural and anthropogenic
sources.
The
source
activity can be inferred
from measurements of the
carbon 13/12 isotopic ratio
(δ13C)
in
atmospheric
methane. Although variation in the δ13C value (above) indicates changes in the activity
of a variety of possible sources, the large increase in atmospheric methane emissions
in the summer months is essentially of biogenic origin.

Iodine Monoxide
IO – iodine monoxide, important in terms of ozone destruction and new particle
formation exhibits high levels coinciding with low tide and photochemical activity (day
time). IO concentrations are linked to enhanced emissions of organohalogens from
coastal macroalgae (Carpenter, L. J. et al., J. Geophys. Res. 104, 1679, 1999).

Trace Gas
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The Intergovernmental Panel on Climate Change in 2007 produced their 4th
Assessment Report. In this report, the radiative forcing (perturbation in the global
radiation budget due to anthropogenic activities) based on current knowledge was
outlined. The figure below illustrates the positive forcing associated with greenhouse
gases and the typically negative forcing associated with aerosols and clouds. Note the
uncertainties associated with the aerosolcloud system are significantly greater than
those associated with greenhouse gases.

Aerosol Mass Concentration
The Figure below shows the variation of the average daily mass concentration (µg m3)
of fine particle particulate matter, PM2.5, for the year 2003 at Mace Head. The data
shows a seasonal variation with enhanced PM2.5 mass concentration levels for the mid
winterearly spring period, consistent with production of increased wind generated sea
salt aerosol. These higher levels exceed the recent (April 2008) EU Commission PM2.5
urban area limit values for 2015, of < 20 µg m3.
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New Particle Formation
Bursts of new aerosol particles, both
from natural and anthropogenic
sources are regularly observed at
Mace Head. These bursts occur at
nanometer sizes and can lead to
four orders of magnitude increase in
background concentrations. The
natural particle production events
are linked to enhanced biogenic
vapour emissions from algae at low
tide.
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The
hour
average
particle
concentration illustrating coastal
nucleation bursts observed over a
three month period at Mace Head are shown as a colour contour plot (right). Increased
aerosol particle concentrations are seen to coincide with low tide (marked by +) and
periods of solar insolation and photochemistry during daylight hours (O'Dowd, C.D., J.
Geophys. Res., 107, 10.1029/2001000555, 2002).
Reactive biogenic gases such as
CH2I2 and I2 are emitted from algae
and undergo rapid and complex
photochemical
reactions
(left)
ultimately leading to condensed
halogen
and
organic
aerosols
(O'Dowd, C.D., Nature, 417, 632
636, 2002, O'Dowd, C.D., Nature,
DOI 10.1038/nature03373, 2005).
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Seasonal variation in marine aerosol composition (left) and coincident ocean
chlorophylla concentration  a surrogate for marine biological activity (right). Left figure
shows size segregated aerosol composition. At sizes larger that 1 micron, the chemical
composition is almost exclusively seasalt while for submicron sizes, seasalt
dominates in winter and organic mass dominates in summer. The organic mass
enhancement is linked to biogenic emissions from plankton. The absolute mass is
given by the white barchart line. LBA is low biological activity (i.e. winter) while HBA is
high biological activity (spring) (O'Dowd, C.D., Nature, doi:10.1038/nature02959,. 2004).
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Meteorological Observations at Mace Head have expanded in recent times. Mace
Head is now a Met Éireann operational station in terms of provision of meteorological
data. In addition, a new groundbased remote sensing microwave profiler (HATPRO)
is operational providing in realtime temperature, humidity and liquid water profiles up
to 15 km. An example of the Mace Head remotely sensed temperature profile and the
Valentia radiosonde temperature profile is shown below. In addition ceilometers provide
cloud height data and a GPS system provides total water vapour column data in
collaboration with Met Éireann.

Automatic Weather Station
The pyranometer measuring solar radiation forms part
of the automatic weather station at Mace Head (left).
Automatic weather station at Mace Head (centre).
CL31 Ceilometer, to determine cloud base, operating
as part of the automatic weather station at Mace Head
(bottom).
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Remote Sensing & Profiling
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Additional ground based remote sensing and profiling includes aerosol optical depth
from the GAW precision radiometer, cloud properties using a MIRA 36 Kaband (35
GHz) doppler radar and aerosol profiles from the Jenoptic ceilometer.

Vertical structure of aerosol fields from the Jenoptic ceilometer (top) and cloud radar
reflectivity giving the structure of clouds encountered at Mace Head.

OH Radical Measurements
Realtime measurements of the atmospheric hydroxyl radical (OH) at Mace Head
during the PARFORCE campaign using chemical ionization mass spectrometry (CIMS)
(5 min averaged concentrations in molecules cm3), (Berresheim, H., J. Geophys.
Res., 107, 10.1029/2000JD000229, 2002).

Recent & Future
Developments

Future expansion of the GAW/EMEP atmospheric chemistry programme at Mace Head
will involve longterm measurements of OH to monitor the oxidation power (chemical
selfcleaning efficiency) of the marine atmosphere in relation to air quality and climate
change, potential precursor gases for aerosol formation and growth (e.g., H2SO4,
MSA), and key compounds involved in atmospheric photochemistry (e.g., ozone
formation) such as nitrogen oxides (NOx) and selected nonmethane hydrocarbons
(NMHC's).

CO2 Flux Measurements
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The world's oceans do not uniformly absorb CO2, but rather the exchange varies both
spatially and temporally. Current estimates of the global annual atmosphereocean
exchange of carbon show that the the net uptake of 1.7 billions tonnes is the difference
between seatoair and airtosea fluxes: the ocean emits 90 billion metric tonnes, and
absorbs 91.7. This flux of carbon is driven by atmospheric CO2 levels having a 2%
higher global average than surface ocean levels. Current efforts are ongoing at Mace
Head to contribute to the global effort in determining the magnitude of the oceanic
uptake of CO2 by conducting direct measurements of the fluxes.

According to the SOLAS (Surface Ocean – Lower Atmosphere Studies) Science Plan:
"Direct measurement of airsea fluxes of gases and aerosol particles is very difficult,
especially in the open ocean at higher wind speeds. Given this difficulty it would seem
especially important that gas and aerosol transport be measured at the same time and
with the same temporal and spatial resolution as the crucial parameters describing the
quantities and processes that mediate the transport. This requirement suggests the
need for more comprehensively integrated studies than have usually been attempted
or found practical in the past."

Aerosol and Gas Flux measurements
At Mace Head, micrometerological and gradient fluxes of gases and aerosol particles
are conducted at Mace Head on a research basis. Gas fluxes are derived for CO2 and
ozone while aerosol fluxes are conducted in terms of both aerosol physics (number and
size) and chemical composition. Aerosol total number flux as measured by a CPC
counter and wind speed is shown below right. These data illustrate significant primary
aerosol production from windinduced whitecap (bubble) generation (Geever, M., et al.,
Geophys. Res. Letts., doi:10.1029/2005GL023081, 2005). Downward fluxes of CO2
measured at Mace Head show an increase in oceanic uptake as wind speed increases
(below left).
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Marine Meteorological and Ocean Chemistry Buoy

The Marine Institute are currently installing a marine meteorological and ocean
chemistry buoy 3 km offshore from Mace Head and in the Mace Head flux footprint to
enhance joint CO2 flux and ocean acidification research programmes.
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