DENMARK
1.

OBSERVATIONAL ACTIVITIES
The Danish Meteorological Institute (DMI), in collaboration with the Danish Environmental
Protection Agency, conducts permanent measurements of the stratospheric ozone layer. Daily
ground-based measurements of the ozone layer thickness as well as weekly balloon based
measurements of the vertical ozone profiles are performed in Denmark and Greenland. The
measurements are reported to international databases. In addition the measurements are
incorporated in validation of satellite measurements. Balloon-based measurements of the ozone
layer are often conducted as part of larger international projects such as Match-campaigns.
1.1

Column measurements of ozone and other gases/variables relevant to ozone loss.
Daily observations of total ozone are performed by the DMI in Denmark and Greenland:
Station

Location

Instrument

Start of observations

Copenhagen

56°N, 12°E

Brewer Mark IV

May 1992

Sondre Stromfjord
(Kangerlussuaq)

67°N, 51°W

Brewer Mark II
Brewer Mark III

September 1990
February 2010

Thule Air Base
(Pituffik)

77°, 69°W

SAOZ
1024 diode array

September 1990

On non-regular basis, total ozone has also been measured from Qaanaaq (78°N, 69°W) in
Greenland, using the DMI Dobson #92 instrument since early 2000.
1.2

Profile measurements of ozone and other gases/variables relevant to ozone loss
Weekly ozone soundings have been performed using balloon-borne EEC sensors from
Scoresbysund (Illoqqortoormiut, 71°N, 22°W) since January 1993. Ozone soundings have also
been performed on campaign basis from Thule Air Base each winter since January 1992 and
occasionally from Copenhagen.
1.3

UV measurements

1.3.1 Broadband measurements
A Yankee Environmental Systems model UVB-1 radiometer has been operated by DMI in
Copenhagen since 1996. A custom UV radiometer (erythemally weighted UV and total UV-A)
has been in operation in Thule (Pituffik) since 1993. The latter instrument is owned by the Health
Protection Agency in the U.K. (former National Radiological Protection Board) and the UV-B part
of the instrument is similar to the Solar Light model 500.
1.3.2 Narrowband filter instruments
A narrowband filter instrument – Biospherical Inc., model GUV2511 – has been operated
on the east coast of Greenland at Scoresbysund (Illotoorqqortoormiut) by DMI since 2008.
1.3.3 Spectroradiometers
Daily measurements of the surface UV radiation are performed by DMI at Thule (Pituffik),
using a high resolution spectroradiometer, since summer 1994. At Sondre Stromfjord
(Kangerlussuaq) the Brewer MkII instrument has measured spectral UV-B (290-325nm) since late
1990 and the Brewer MkIII instrument since February 2010.
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1.4

Calibration activities
DMI has contributed with ozone measurements from Greenland to the international
projects CINAMON (AO-ID 158), OMI cal/val, GOME-2 and ACE validation as proposed in
connection with ESA/NASA/EUMETSATS’s ”announcement of opportunities” concerning the
ENVISAT, AURA METOP and ACE satellite missions.
2.

RESULTS FROM OBSERVATIONS AND ANALYSIS

Summer (June, July, August) average column ozone measurements, based on NASA
TOMS Nimbus 7 version 8 (years 1979-1991) and DMI Brewer (years 1992-2010) from
Kangerlussuaq, Greenland, are shown in left-hand side in the figure below. The whole data series
shows a significant trend of -2.0±1.1% per decade (2 σ) while there is no significant trend during
the past 15 years.

Likewise summer (June, July, August) average column ozone measurements, based on
NASA TOMS Nimbus 7 version 8 (years 1979-1991) and DMI Brewer (years 1992-2010) from
Copenhagen, Denmark, are shown in the right-hand side of the figure. The whole data series
shows a significant trend of -2.3±1.2% per decade (2 σ) while there is no significant trend during
the past 15 years.
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3.

THEORY, MODELLING, AND OTHER RESEARCH
DMI has participated in major European Arctic and tropic campaigns since the beginning
of the 1990's including EASOE, SESAME, THESEO, THESEO-2000-SOLVE, VINTERSOL,
HIBISCUS, and Scout-AMMA, as well as a long series of EU-projects. The research is based on a
broad spectrum of accessible observations, including data from the European environmental
satellite ENVISAT and analyses of meteorological conditions in the stratosphere. The research
includes analysis of transport of ozone depleted air masses from Arctic areas to mid-latitudes and
experimental and theoretical studies of polar stratospheric clouds. In addition research is carried
out on cirrus clouds from airplane condensation trails, and on cirrus clouds in the tropics, which
is important for transport of water vapour to the stratosphere. DMI participates in the EC-Earth
climate model development, in particular regarding an improved representation of the
stratosphere, and studies are performed on the downward influence from the stratosphere on
tropospheric climate. Using the personal exposure data combined with satellite and ground station
data DMI participates in the development of more accurate models to assess the impact of climate
change on future UVR exposure to European populations.
4.

DISSEMINATION OF RESULTS

4.1

Data reporting
The measurements are reported to databases under Network for the Detection of
Atmospheric Composition Change (NDACC) and World Ozone and UV-radiation Data Center
(WOUDC) under the WMO-programme Global Atmosphere Watch (GAW).
4.2

Information to the public
UV-index forecasts, based on Danish total ozone measurements, were initiated at DMI in
summer 1992. This public service runs permanently, made public on the Internet and in several
media. DMI is responsible for the Near Real Time UV-index processing as part of the EUMETSAT
Satellite Application Facility on Ozone and Atmospheric Chemistry Monitoring and provides daily
global maps of clear sky UV-indices. DMI has initiated a UV service for Greenland in collaboration
with the Greenland Department for Health. DMI’s ozone measurements are made available on the
Internet (www.dmi.dk) together with a yearly updated status report (in Danish language).
4.3
Relevant scientific papers
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Thomasson, T. Leblanc, and I. S. McDermid, Tropical stratospheric aerosol layer from
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2009JD011946, 2009.
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5.
PROJECTS AND COLLABORATION
Thule, Sondre Stromfjord, and Scoresbysund are Arctic stations within the Network for the
Detection of Atmospheric Composition Change. In addition to the DMI instrumentation, aerosol
lidars are operated at these stations by the University of Rome (Italy) and SRI International (USA),
respectively, together with an FTIR spectrometer at Thule, operated by National Center for
Atmospheric Research (USA). DMI also collaborates with Service d’Aeronomie du CNRS (France)
for daily total ozone measurements by a SAOZ instrument at Scoresbysund. DMI participates in
the EU-project Global Earth Observation and Monitoring (Geomon) providing SAOZ total ozone
data from Greenland.
DMI participates from Thule and Scoresbysund in the yearly Matchcampaigns, coordinated by the Alfred Wegener Institute in Germany, with ozone soundings in the
Arctic to quantify the chemical ozone depletion. In March 2007 an aerosol robot (Aeronet) from NASA
was installed in Pituffik, in February 2008 a similar instrument was installed in Kangerlussuaq and in
October 2009 yet another instrument was installed in Ittoqqortoormiit.
Within the EU-project COMBINE, DMI is involved in modelling aspects of the stratospheretroposphere coupling, investigating the importance of a well-resolved stratospheric representation for
modelling the tropospheric climate. In the Scout-O3-project, DMI was involved in tropical balloon224

borne investigations of transport of water vapour to the stratosphere. DMI participates in the EUproject ICEPURE investigating the adverse and beneficial health effects of ultraviolet radiation (UVR)
exposure.
The DMI participates in EUMETSAT’s Satellite Application Facility on Ozone and
Atmospheric Chemistry Monitoring, developing operational UV-index products, based on satellite
measurements of the ozone layer.
6.

FUTURE PLANS
National funding for ozone and UV monitoring in Denmark and Greenland is secured until the
end of 2011. After this period the funding situation will be renegotiated.
Research efforts will be directed towards improved understanding of the role of stratospheric
changes for tropospheric climate including the dynamical coupling between the troposphere and the
stratosphere. It is intended to include a stratospheric representation in new developments of the ECEarth model complex. In addition research efforts will be directed towards cirrus cloud formation in the
tropical tropopause layer and transport of water vapour to the stratosphere, based on improved
microphysical modelling and combining experimental balloon-borne experiments with radio occultation
satellite measurements.
7.

NEEDS AND RECOMMENDATIONS

It is considered important to monitor the recovery of the ozone layer at high latitudes during
changing stratospheric climatic conditions (decreasing temperatures, perhaps increased water vapour
concentrations and other changes in chemical composition, changes in stratospheric dynamics).
Maintaining and running stratospheric monitoring stations in the Arctic and elsewhere is becoming an
increasingly heavy burden on national funding sources and possibilities for direct funding of groundbased monitoring activities and data provision should be considered to be included in major
international programmes such as the European Global Monitoring for Environment and Security
(GMES).
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EGYPT
Montreal Projects in Egypt
Egypt lies in the northern corner of Africa. It is bounded by the international frontiers of the Mediterranean Sea in the
North, the Red Sea in the East, Libya in the west and Sudan in the south1. 	
  Figure 1, presents the map of Egypt.
Figure 1, Egypt Map

Area and Capital:
The total area of Egypt is about 1.02 million Km2 and the Capital is: Cairo.
1

Egyptian Environmental Affairs Agency: Website, http://www.eeaa.gov.eg/
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Geography	
  
Topography:

Egypt is geographically divided into four main divisions:

- The Nile Valley and Delta (approx. 33,000 Km2)- It extends from the North Valley to the

-

-

-

Mediterranean Sea and is divided into Upper Egypt and Lower Egypt, extending from Wadi
Halfa to the south of Cairo and from North Cairo to the Mediterranean Sea. The River Nile
in the north is divided into two branches, Damietta and Rachid embracing the highly fertile
agricultural lands of the Delta.
The Western Desert (approx. 680,000 Km2) - Extends from the Nile Valley in the East to the
Libyan borders in the west, and from the Mediterranean in the north to the Egyptian southern
borders. It is divided into: The Northern Section, it includes the coastal plain, the northern
plateau and the Great Depression, the Natroun Valley and Baharia Oasis. The Southern
Section, it includes Farafra, Kharga, Dakhla, and El-Owainat in the far south.
The Eastern Desert (approx. 325,000 Km2): It extends from the Nile Valley in the West to
the Red Sea, Suez gulf, and Suez Canal in the East, and from Lake Manzala on the
Mediterranean in the North to Egypt's southern borders with Sudan in the south. The Eastern
Desert is marked with the Eastern Mountains that range along the Red Sea with peaks that
rise to about 3000 feet above the sea level. This desert is a store of Egyptian natural
resources including various ores such as gold, coal, and oil.
Sinai Peninsula (approx. 61,000 Km2): Sinai has a triangular shape having its base at the
Mediterranean in the North and its apex in the South at Ras Mohammed, the Gulf of Aqaba
to the East and the Gulf of Suez and Suez Canal to the west. It is topographically divided
into three main sections. The southern section, it involves extremely tough terrain that is
composed of high-rise granite mountains. Mount Catherine rises about 2640 meters above
sea level, thus making it the highest mountaintop in Egypt. The Central section, it comprises
the area bounded by the Mediterranean to the North. At-Teeh plateau to the south, it is a
plain area having abundant water resources derived from rainwater flowing from southern
heights to the central plateau.

Climate:
The Egyptian climate is influenced by the factors of location, topography, and general system for
pressure and water surfaces. These aspects affect Egypt's climate dividing it into several regions.
Egypt lies in the dry equatorial region except its northern areas located within the moderate warm
region with a climate similar to that of the Mediterranean region. It is warm and dry in the summer
and moderate with limited rainfall increasing at the coast in winter. The annual average day and
nighttime temperatures in Lower and Upper Egypt is 20 and 25, and 7 and 17 respectively2.
Table 1, summarizes monthly-average meteorological parameters for GC over the past 30 years.
Through most of the year, wind speed is fairly consistent from the north (ENE to NNW) sector.
However, during winter and spring (Nov. – Mar.), somewhat higher average winds are seen in the
WSW sector. These often represent desert wind storms (Khamaseen winds) which transport dust
2

Mawaheb Abou El-Azm, Mounir W. Labib and Ahmed Abou El-Soud,” Control Measures to Reduce Pollutant’s
Levels in the Greater Cairo Area”, |Air and Waste Management Association, Paper # 424, USA, 2008.
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from the deserts to the west and produce elevated PM concentrations in GC. Table 1, presents a
quick and approximate data for the meteorological elements of the GC area.
Table 1, Monthly-average meteorological data in the greater Cairo (GC) area for the past 30 years

a

58
56
51
45
45
49
57
61
61
60
58
59

Visual
Distance
(Km)

January
February
March
April
May
June
July
August
September
October
November
December

Relative
Humidity (%)

Month

9
9
9
9
9
9
9
9
9
9
9
8

Cloud
Cover
%
50
50
50
50
50
50
50
50
38
38
38
38

Cloud
Base (m)
1845
1756
2164
3068
3677
1454
875
731
827
1628
1663
2472

Temperature
(ºC)

Wind Speed (Knots) and
Direction a

Max

Min

E-NE

18.1
19.5
23.4
28.1
31.8
34.3
34.2
33.6
32.3
30.0
24.4
20.3

8.6
9.4
11.2
14.5
17.2
19.9
21.5
21.8
20.2
18.0
14.0
9.9

9*
9*
9**
10**
10*
10*
8*
8*
9*
9**
9*
8*

NNW
9*
9*
9*
9**
8**
8**
9**
8*
-

WSW
12**
11**
12*
10*
10**

S-SE
-

A double asterisk (**) indicates a “most probable” value while a single asterisk indicates a less probable value.

Meteorological data (temperature, relative humidity, and wind speed and direction) from Cairo
International Airport are available on an hourly basis from the U.S. NOAA National Climatic Data
Center. Data from other locations may be obtained upon request to Egyptian agencies. Studies
conducted by Lowenthal et al. (2001) and Abu-Allaban et al. (2007) showed that PM10
concentrations in GC were higher in fall than in winter, 1999 or during summer, 2002. Surface
meteorological data were examined to try to explain differences between fall and winter of 19993.
Seasonal-average temperature and vector-averaged wind speed and direction were calculated for four
sites in GC. The average winter temperature ranged from 13.7 to 15.4 oC while the average fall
temperature ranged from 19.4 to 20.6 oC. Thus, the seasonal variation was approximately 5 oC. The
vector-averaged wind direction ranged from 312 to 6 degrees, i.e., from the north, in both seasons at
the four measurement locations. The seasonal variation in concentration was thus unrelated to wind
direction. The seasonal vector-averaged wind speed ranged from 1.2 to 2.8 mph in winter and from
0.72 to 1.86 mph in fall. The average ratio of winter to fall wind speed was 1.8±0.8. The lower
wind speeds during fall along with increased emissions from agricultural burning may explain the
higher PM concentrations during that season because lower ventilation associated with low wind
speeds may allow for buildup of pollutants in the vicinity of the sources in Cairo4.

3

Abu-Allaban, M., Gertler, A.W., and Lowenthal, D.H., 2002: “A preliminary apportionment of the sources of
ambient PM10, PM2.5, and VOCs in Cairo”. Atmos. Environ. 36, 5549-5557.
4
Abu-Allaban, M. Lowenthal, D.H., Gertler, A.W., and Labib, M., 2007: “Sources of PM10 and PM2.5 in Cairo’s
ambient air”. Environ. Monit. Assess., 133, 417-425.
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Montreal Protocol (MP)
Background
The Montreal Protocol on Substances That Deplete the Ozone Layer (a protocol to the Vienna
Convention for the Protection of the Ozone Layer) is an international treaty designed to protect the
ozone layer by phasing out the production of numerous substances believed to be responsible for
ozone depletion.
Due to its widespread adoption and implementation it has been hailed as an example of exceptional
international co-operation with Kofi Annan quoted as saying that "perhaps the single most successful
international agreement to date has been the Montreal Protocol"5. It has been ratified by 196 states6.

Terms and purposes
The treaty7 is structured around several groups of halogenated hydrocarbons that have been shown to
play a role in ozone depletion. All of these ozone depleting substances contain either chlorine or
bromine (substances containing only fluorine do not harm the ozone layer). For a table of ozonedepleting substances see:
For each group, the treaty provides a timetable on which the production of those substances must be
phased out and eventually eliminated.

Multilateral Fund (MLF)
The Multilateral Fund for the Implementation of the Montreal Protocol provides funds to help
developing countries to phase out the use of ozone-depleting substances.
The Multilateral Fund was the first financial mechanism to be created under an international treaty8.
It embodies the principle agreed at the United Nations Conference on Environment and Development
in 1992 that countries have a common but differentiated responsibility to protect and manage the
global commons.
The Fund is managed by an executive committee with an equal representation of seven industrialized
and seven Article 5 countries, which are elected annually by a Meeting of the Parties. The
Committee reports annually to the Meeting of the Parties on its operations.
Up to 20 percent of the contributions of contributing parties can also be delivered through their
bilateral agencies in the form of eligible projects and activities.
The fund is replenished on a three-year basis by the donors. Pledges amount to US$ 2.1 billion over
the period 1991 to 2005. Funds are used, for example, to finance the conversion of existing
manufacturing processes, train personnel, pay royalties and patent rights on new technologies, and
establish national ozone offices.
5

The Ozone Hole-The Montreal Protocol on Substances that Deplete the Ozone Layer
http://ozone.unep.org/Ratification_status/
7
The full terms are available from
http://ozone.unep.org/Publications/MP_Handbook/Section_1.1_The_Montreal_Protocol
8
http://www.multilateralfund.org/about_the_multilateral_fund.htm
6
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Ozone Depleting Substances (ODS’s)
Ozone layer is a natural filter and a shield that surround the Earth to protect all creatures from the
harmful part of Ultra Violet – B rays that threaten man’s health and safety.
The source of threat is the result of actions and technology developed by man with the development
of civil life and the development of new chemical substances. This led to the emission of gases from
substances that cause the depletion to the ozone layer.
Since the Montreal Protocol came into effect, the atmospheric concentrations of the most important
chlorofluorocarbons and related chlorinated hydrocarbons have either leveled off or decreased. Halon
concentrations have continued to increase, as the halons presently stored in fire extinguishers are
released, but their rate of increase has slowed and their abundances are expected to begin to decline
by about 2020. Also, the concentration of the HCFCs increased drastically at least partly because for
many uses CFCs (e.g. used as solvents or refrigerating agents) were substituted with HCFCs. While
there have been reports of attempts by individuals to circumvent the ban, e.g. by smuggling CFCs
from undeveloped to developed nations, the overall level of compliance has been high. In
consequence, the Montreal Protocol has often been called the most successful international
environmental agreement to date. In a 2001 report, NASA found the ozone thinning over Antarctica
had remained the same thickness for the previous three years, however in 2003 the ozone hole grew
to its second largest size9.The most recent (2006) scientific evaluation of the effects of the Montreal
Protocol states, "The Montreal Protocol is working: There is clear evidence of a decrease in the
atmospheric burden of ozone-depleting substances and some early signs of stratospheric ozone
recovery."10
Unfortunately, the hydrochlorofluorocarbons, or HCFCs, and hydrofluorocarbons, or HFCs, are now
thought to contribute to anthropogenic global warming. On a molecule-for-molecule basis, these
compounds are up to 10,000 times more potent greenhouse gases than carbon dioxide. The Montreal
Protocol currently calls for a complete phase-out of HCFCs by 2030, but does not place any
restriction on HFCs. Since the CFCs themselves are equally powerful as greenhouse gases, the mere
substitution of HFCs for CFCs does not significantly increase the rate of anthropogenic global
warming, but over time a steady increase in their use could increase the danger that human activity
will change the climate.11
Policy experts have advocated for increased efforts to link ozone protection efforts to climate
protection efforts. Policy decisions in one arena affect the costs and effectiveness of environmental
improvements in the other.

Global Warming Potentials (GWP) of ODS’s
The global warming potential (GWP) represents how much a given mass of a chemical contributes to
global warming over a given time period compared to the same mass of carbon dioxide. Carbon
dioxide's GWP is defined as 1.0. A GWP is calculated over a specific time interval and the value of
this must be stated whenever a GWP is quoted or else the value is meaningless.
9

"Top Story - 2001 Antarctic Ozone Hole Similar in Size to Holes of Past Three Years, NOAA and NASA Report October 16, 2001". www.gsfc.nasa.gov. http://www.gsfc.nasa.gov/topstory/20011016ozonelayer.html. Retrieved 201009-16
10
Scientific Assessment of Ozone Depletion: 2006, http://www.esrl.noaa.gov/csd/assessments/2006/report.html
11
"EIA - Emissions of the Greenhouse Gases in the United States 2005". www.eia.doe.gov.
http://www.eia.doe.gov/oiaf/1605/ggrpt/other_gases.html. Retrieved 2010-09-16
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Why are there three values given for the GWP and atmospheric lifetime?
All GWP values represent global warming potential over a 100-year time horizon. Dashes indicate
that the source did not include a GWP value for the given compound. The first value in each of the
second and third columns is from the Scientific Assessment of Ozone Depletion, 2002. The second
and third values in each of these columns are from the Intergovernmental Panel on Climate Change
IPCC) Second, Third & Fourth Assessment Reports.
For more specific information on how many of these chemicals are used as substitutes for ozonedepleting substances, the Significant New Alternatives Policy (SNAP) Program's web site presents
useful information about it.
The substances subject to restrictions in the Kyoto protocol either are rapidly increasing their
concentrations in Earth's atmosphere or have a large GWP.
The GWP depends on the following factors:
•
•
•

the absorption of infrared radiation by a given species
the spectral location of its absorbing wavelengths
the atmospheric lifetime of the species

Thus, a high GWP correlates with a large infrared absorption and a long atmospheric lifetime. The
dependence of GWP on the wavelength of absorption is more complicated. Even if a gas absorbs
radiation efficiently at a certain wavelength, this may not affect its GWP much if the atmosphere
already absorbs most radiation at that wavelength. A gas has the most effect if it absorbs in a
"window" of wavelengths where the atmosphere is fairly transparent.
Because the GWP of a greenhouse gas depends directly on its infrared spectrum, the use of infrared
spectroscopy to study greenhouse gases is centrally important in the effort to understand the impact
of human activities on global climate change.

Calculating	
  the	
  global	
  warming	
  potential	
  
Just as radioactive forcing provides a simplified means of comparing the various factors that are
believed to influence the climate system to one another, Global Warming Potentials (GWPs) are one
type of simplified index based upon radioactive properties that can be used to estimate the potential
future impacts of emissions of different gases upon the climate system in a relative sense.
GWP is based on a number of factors, including the radioactive efficiency (infrared-absorbing
ability) of each gas relative to that of carbon dioxide, as well as the decay rate of each gas (the
amount removed from the atmosphere over a given number of years) relative to that of carbon
dioxide12.
The radioactive forcing capacity (RF) is the amount of energy per unit area, per unit time, absorbed
by the greenhouse gas that would otherwise be lost to space.
The Intergovernmental Panel on Climate Change (IPCC) provides the generally accepted values for
GWP, which changed slightly between 1996 and 2001 Third Assessment Report (TAR). The GWP
12

Mathew Elrod, “Greenhouse Warming Potential Model”, Based on Journal of Chemical Education, Vol 76, pp. 17021705, December 1999.
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is defined as the ratio of the time-integrated radioactive forcing from the instantaneous release of 1
kg of a trace substance relative to that of 1 kg of a reference gas.
Since all GWP calculations are a comparison to CO2 which is non-linear, all GWP values are
affected.

Montreal Protocol Projects in Egypt
Montreal Protocol projects in Egypt can be summarized in different sectors. Different projects were
conducted to minimize and stop using of these ODS, these projects can be summarized in the
following:

1- Foam Projects in Egypt:
Table 1, presents all projects conducted in Egypt in the foam sector, including the Ozone Depleting
Potential ODP (Tons) and the Global Warming Potential (GWP) in CO2e metric tons.
Project
Code

Project Title

ODS

ODP

GWP

(Tons)

(CO2e MT)

EGY/FOA/0
8/INV/05

Phase-out of CFC-11 in manufacture of flexible
polyurethane foam at Misr Foam Co.

CFC-11

121.0

566,280.0

EGY/FOA/0
8/INV/06

Phase-out of CFC-11 in the manufacturing of
molded, flexible, semi-rigid and rigid polyurethane
foam at Taki-Vita factory

CFC-11

50.0

234,000.0

EGY/FOA/0
8/INV/07

Phase-out of CFC-11 in the manufacture of molded
polyurethane foams at Technopol Egypt SAE

CFC-11

55.0

257,400.0

EGY/FOA/0
9/INV/10

Elimination of CFC-12 in the manufacture of extruded
polystyrene foam at Al-Sharif Plastic Factories

CFC-12

75.0

804,000.0

EGY/FOA/0
9/INV/12

Phase-out of CFC-11 in manufacture of molded foam
at Misr Foam Co.

CFC-11

28.0

131,040.0

EGY/FOA/1
0/INV/15

Elimination of CFC-11 in the manufacture of molded
flexible polyurethane foam at Modern Building
Carpentry Co. (Mobica)

CFC-11

20.0

93,600.0

EGY/FOA/1
0/INV/17

Elimination of CFC-11 in the manufacture of molded
rigid polyurethane foam at Cairo Light Industries Co.
(Olympic Electric)

CFC-11

75.0

351,000.0

EGY/FOA/1
1/INV/18

Conversion to CFC-11 free technology in the
manufacture of rigid polyurethane foam (PUF) at
Specialized Engineering Contracting Co.

CFC-11

15.0

70,200.0

EGY/FOA/1
1/INV/19

Conversion to CFC-11 free technology in the
manufacture of flexible polyurethane foam at Alex
Foam (formerly Dekheila Chemical Industries Co.)

CFC-11

130.0

608,400.0

EGY/FOA/1
1/INV/20

Conversion to CFC-11 free technology in the
manufacture of flexible polyurethane foam (PUF) at
Horse Foam Co.

CFC-11

120.0

561,600.0
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EGY/FOA/1
2/INV/22

EGY/FOA/1
2/INV/26
EGY/FOA/1
2/INV/27
EGY/FOA/1
2/INV/28
EGY/FOA/1
2/INV/29

EGY/FOA/1
5/INV/36

EGY/FOA/1
8/INV/48

Conversion to CFC free-technology in the
manufacture of flexible polyurethane foam at Foam
Industrial and Hyma
Conversion to CFC free-technology in the
manufacture of rigid molded and miscellaneous PUF
at 5 plants: Tiba Air, Egat Company, Solar Energy
Company, Ismailia Aluminum Company, and Fu Tech
Company
Conversion to CFC free-technology at Scib Chemical
Company
Conversion to CFC free-technology at El Fateh
Conversion to CFC free-technology at Industrial
Engineering Company for Construction and
Development (Icon)
Conversion to CFC-free technology in the
manufacturing of rigid PUF at seven enterprises:
GMC, Petrojet, Modern Products, Cairo General
Contractors Co., Egyptian Solar Energy, Tawifika,
Helwan
Conversion to CFC free technology in the
manufacture of flexible molded PUF and integral skin
foam at El Shabrawi

CFC-11

170.0

795,600.0

CFC-11

44.2

206,856.0

CFC-11

12.4

58,032.0

CFC-11

59.0

276,120.0

CFC-11

51.0

238,680.0

CFC-11

69.0

322,920.0

CFC-11

16.0

74,880.0

EGY/FOA/2
2/INV/64

Phase-out of the remaining ODS consumption in the
foam sector (11 enterprises)

CFC-11

319.0

1,492,920.0

EGY/FOA/1
0/INV/16

Elimination of CFC-12 in the manufacture of extruded
polystyrene foam in Advanced Chemical Engineering
Systems (Advechems)

CFC-12

183.3

1,964,976.0

\

2- Refrigeration Projects in Egypt:
Table 2, presents all projects conducted in Egypt in the refrigeration sector, including the Ozone
Depleting Potential ODP (Tons) and the Global Warming Potential (GWP) in CO2e metric tons.
Project
Code

Project Title

ODS

ODP

GWP

(Tons)

(CO2e MT)

EGY/REF/0
8/INV/09

Phase-out of CFC in refrigeration at Koldair
Company

CFC-12

18.0

192,960.0

EGY/REF/1
2/INV/30

Conversion to CFC free-technology Reftruck
Company

CFC-11

25.0

117,000.0

EGY/REF/1
2/INV/31

Conversion to CFC free-technology at Misr Panel
(Egyptian Company for Cold Storage Industries)

CFC-11

74.4

348,192.0

EGY/REF/1
5/INV/44

Elimination of CFC in the manufacture of commercial
refrigeration equipment at Royal Engineering, Co.
Elimination of CFC in the manufacture of commercial
refrigeration equipment at Port Said Metal Work, Co.
(MOG)
Elimination of CFC-11 and CFC-12 in the
manufacture of commercial refrigeration equipment
at United Investment Corporation Inc.

CFC-11

20.3

95,004.0

CFC-11

11.8

55,224.0

CFC-11

48.7

227,916.0

EGY/REF/1
5/INV/45
EGY/REF/1
8/INV/49
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EGY/REF/1
8/INV/50

Elimination of CFC-11 and CFC-12 in the
manufacture of commercial refrigeration equipment
at Refcat Company Inc.
Elimination of CFC-11 and CFC-12 in the
manufacture of commercial refrigeration equipment
at El-Mohandes
Implementation of the RMP: establishing a national
recovery and recycling network

CFC-11

26.8

125,424.0

CFC-11

13.0

60,840.0

CFC-12

100.0

1,072,000.0

ODS phase-out at Delta Industrial Co.

CFC-11

117.0

547,560.0

Phasing out ODS at Societe Mondiale pour
Refroidissement (Alaska) domestic refrigeration plant

55.0

423,500.0

51.0

392,700.0

ODS phase-out at Kiriazi Refrigeration Manufacturing
Co.

CFC-11
CFC-12
CFC-11
CFC-12
CFC-11
CFC-12

137.0

1,054,900.0

EGY/REF/1
5/INV/38

Phasing out ODS at Helwan Company for Metallic
Appliances domestic refrigeration plant

CFC-11
CFC-12

7.5

57,750.0

EGY/REF/1
5/INV/40

Phasing out ODS at Islamic Company for
Industrialization (Siltal) domestic refrigeration plant
Phasing out ODS at International Co. for
Refrigeration and Appliances (Iberna) domestic
refrigeration plant
Phasing out ODS at El Nasr Company for Electric
and Electronic Apparatus (Philips) domestic
refrigeration plant
Phasing out ODS at Super Bosh Factory domestic
refrigeration plant

CFC-11
CFC-12

26.0

200,200.0

CFC-11
CFC-12

19.0

146,300.0

CFC-11
CFC-12

22.5

173,250.0

CFC-11
CFC-12

13.0

100,100.0

EGY/REF/2
0/INV/58
EGY/REF/2
9/TAS/75
EGY/REF/1
3/INV/32
EGY/REF/1
5/INV/41
EGY/REF/1
3/INV/33
EGY/REF/1
3/INV/35

EGY/REF/1
5/INV/42
EGY/REF/1
5/INV/43
EGY/REF/1
5/INV/39

ODS phase-out at Electrostar for Refrigeration Co.

3- Halon Management Bank in Egypt:
Table 3, presents the Halon Management Bank in Egypt, including the Ozone Depleting Potential
ODP (Tons) and the Global Warming Potential (GWP) in CO2e metric tons.
Project
Code
EGY/HAL/
32/TAS/81

Project Title

ODS
Halon1211

Halon management bank programme

ODP

GWP

(Tons)

(CO2e MT)

251.3

467,480.0

4- Methyl Bromide Project in Egypt:
Table 4, presents the Methyl Bromide project in Egypt, including the Ozone Depleting Potential
ODP (Tons) and the Global Warming Potential (GWP) in CO2e metric tons.
Project Code
EGY/FUM/38/INV/86

Project Title

ODS

National phase-out of methyl bromide in
horticulture and commodities fumigation
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MB CH3Br

ODP

GWP

(Tons)

(CO2e MT)

309.3

1,546.7

5- Medical aerosol Project in Egypt:
Table 5, presents the Meter Dose Inhaler (MDI) project in Egypt, including the Ozone Depleting
Potential ODP (Tons) and the Global Warming Potential (GWP) in CO2e metric tons.
Project Code
EGY/PHA/46/INV/91

Project Title

ODS

National CFC phase-out plan (first
tranche)

CFC

ODP

GWP

(Tons)

(CO2e MT)

237.5

2,088,100.0

6- Overall Montreal Project in Egypt:
Table 6, presents the overall Montreal Projects in Egypt, including the Ozone Depleting Potential
ODP (Tons) and the Global Warming Potential (GWP) in CO2e metric tons.

Sector

Total ODP

Total GWP

( Ton )

( CO2e Metric Ton )

FOAM

1,612.9

9,108,504.0

Refrigeration

786.0

5,390,820.0

Halons

251.3

467,480.0

Methyl Bromide

309.3

1,546.7

MDI

237.5

2,088,100.0
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Figure 2, ODP Tons of all Montreal Projects in Egypt

ODP

	
  
Figure 3, GWP of all Montreal Projects in Egypt (CO2e metric tons)
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Egypt Consumption of ODS’s from 1992 - 2009 comparison with Base Line
Figure 4, Consumption of CFCs

Figure 5, Consumption of Halons
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Figure 6, Consumption of Carbon Tetra Chloride

Figure 7, Consumption of Methyl Chloroform
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Figure 8, Consumption of HCFCs

Figure 9, Consumption of Methyl Bromide
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Ozone measurements in Egypt
Measurements of Ozone and UV radiation
Egyptian Meteorological Authority (EMA) is responsible for measurements of column ozone amount
and operates the main total ozone-monitoring network. Long-term daily observations of total ozone
have been performed at the regional ozone center of EMA at Cairo (30.08ºN, 31.28ºE) with the
Dobson Spectrophotometer (D096) since 1967. Since 1984; second Dobson instrument (D069) has
been maintained at Aswan (23.97ºN, 32.87ºE) to measure the amount of ozone over tropical area.
As early as October 1967 EMA introduced regular monitoring of ozone at Cairo using the Dobson
Spectrophotometer No. 96. At 1973 Cairo became Regional Ozone Center (ROC) for ozone stations
at North Africa and Middle East. The part of ROC studies the variation of ozone over Egypt.
Therefore, EMA started to measure ozone over Aswan (Upper Egypt), Matrouh (coastal station) and
Hurghada (GAW station). Table 7, presents the Egyptian Ozone stations.
At the late of 1998 Brewer Spectrophotometer mark II (B143) has been maintained at Matrouh
(31.33ºN, 27.22ºE) to measure the total ozone and SO2 over northwest coast area of Egypt. With the
end of 1999 third Dobson Spectrophotometer (D059) has been maintained at Hurghada (27.28°N.
33.75ºE) to measure the amount of ozone over Red sea area.
Table 7, The Egyptian Ozone Stations.
Matrouh

Cairo

Hurghada

Aswan

62 306

62 376

62 464

62 414

WMO No.

376

152

409
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Ozone ID.

31.33°N

30.08°N

27.28°N

23.97°N

Latitude

27.22°E

31.28°E

33.75°E

32.87°E

Longitude

035

037

007

195

Height (m)

Brewer II #143

Dobson #096

Dobson #059

Dobson #069

Instrument

Nov. 1998

Oct. 1967

Nov. 2000

Dec. 1984

Started at

Canada, 1997
Egypt, 2005
Egypt, 2008

Poland, 1977
Swiss, 1986
Greece, 1997
Germany, 2001
Egypt, 2004

Germany, 2000
Egypt, 2004
Germany, 2009
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UK, 1984
Czech, 1993
Swiss, 1999
Egypt, 2004
Germany, 2010

International
Calibration

Measurements of Stratospheric Ozone
Dobson observations:
Measurements of total ozone amount and its vertical distribution by Umkehr Method (whenever sky
conditions permit) are taken by Dobson at three observatories: Cairo, Aswan and Hurghada. Direct
sun (DS) and zenith sky (ZB) or cloud sky (ZC) observations will be taken more than 7–time at
different zenith angles (airmasses) daily, using BP-scale. Regular tests by Mercury and standard
lamps and Adjustments of ETC, R-N tables and Q-table. (DOBSON/DOBSTOOL software package used for
processing of the observations of the all stations by ROC).

Brewer observations:
Measurements of O3 and SO2 and UVB, 9-times daily by Brewer instrument at Matrouh
observatory. Whenever sky conditions permit, Umkehr observations are made. Routine daily HG and
SL and weekly external UV-lamps tests. Routine processing of observations by the SCI-TEC
software.

Surface ozone:
EMA measure surface ozone outside urban regions, at Hurghada which is an official WMO Global
Atmospheric Watch (GAW) station. Also EMA measure surface ozone at Sidi Branni (31.37ºN,
25.53ºE). South Valley University (SVU) in cooperation EMA has been measured surface ozone at
Qena.

UV measurements:
EMA take the measurements of broadband UV solar radiation and the biologically effective solar
UV-B at different sites. Also EMA in cooperation with University of South valley have been
measured the broadband UV radiation at Qena since 2000. The present network of measurements of
UV and UVB radiation at Aswan, Qena, Cairo, Rafaah (31.22ºN, 34.20ºE), shown in Table 8.
Table 8, The Egyptian UV and UV-B radiation Stations

UV
Instrument
Started at
UV-B
Instrument
Started at

Aswan
Eppley
Radiometer
Aug. 1989
UVB-1
Pyranometer
Sep. 1998

Qena
Eppley
Radiometer
Apr. 2000
UVB-1
Pyranometer
Apr. 2000

Cairo
Eppley
Radiometer
Mar. 1989
UVB-1
Pyranometer
May 1996

Rafaah

Matrouh

-

-

UVB-1
Pyranometer
Jun. 2000

Brewer MII
No.143
Jan. 1998

National Cooperation's:
Scientists of ozone from EMA taking into consideration the maintenance and calibration of the ozone
instruments regularly. The ozone data collected from the network at ROC. Data files of ozone are
transmitted regularly with SO2 to World Ozone Data Center (WOUDC) in Toronto, Canada.
• Ozone EMA cooperates with National Ozone Centers at Germany, Czech Rep., Greece,
Canada and Japan and USA
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• ROC researchers promote the main activities in ozone research.
• EMA in co-operation with WMO carries out a training program for operators of ozone Arab
countries.
• WMO and EMA in close cooperation and assistance of Canada International Ozone Services
Inc. organized the International comparison of the Brewer No. 143 operated in Matrouh
observatory with standard Brewer No. 17 at 2005 and 2008. WMO and EMA and assistance
of NOAA organized the Intercomparison of the Dobson ozone instruments operated in the
Africa region at Dahab, Egypt at 2004.

RESULTS FROM OBSERVATIONS AND ANALYSIS
Monthly variation and trend of ozone for last five years over Egyptian ozone observatories are
represent by Figure 10. The figure shows that the linear trend is negative at all station.
Figure 10, Monthly variation and tren of ozone at Egyptian stations from 01/2006-12/2010

Variation of ozone damage UV at northwest of Egyptian:
Monthly variation of total ozone amount and the total integral effect of the UV (weighted
Erythema UV) radiation coming to the ground level during the day (dose) at Matrouh shown in
Figure 11. It shows that ozone varies seasonally with a maximum in spring and DUV varies
seasonally with a maximum in summer.
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Figure 11, Monthly variation of ozone and weighted Erythema UV at Matrouh

UV index at northwest of Egyptian:
UV-index forecasts, based on Brewer total ozone measurements at Matrouh (northwestern coast),
were initiated at EMA summer 1999. Figure 12, shows the hourly variation of dangerous UV with
its Index over northwestern coast of Egypt at summer. UVB protection is critical during summer
and especially so in the hours around solar noon. A person being out in the sun during midday
hours more than ten minutes if you are without protection.
Figure 12, Hourly variation of DUV and UV index at summer over costal area (Matrouh)

Ozone and Solar Radiation variation during the Solar Eclipse of 29 March 2009
Northwestern Egypt is likely to be the primary destination for eclipse observers. Matrouh as Salloum
has a high frequency of sunshine, with 75% of the maximum possible recorded in March. The instant
of greatest eclipse occurs at 10:40UT. Sharp drop in the global solar radiation and UVB irradiances
were observed during eclipse of 29 March 2009. The total ozone reduction of more than 30 DU can
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be artificially introduced in routine total ozone measurements with Brewer spectrophotometer, see
figures. Figures 13, presents the hourly variation of UVB at eclips day (29 March) and normal day
(30 March) while Figure 14, presents the hourly variation of ozone at eclips day (29 March) and
normal day (30 March).
Fi gure 13, Hourly variation of UVB at eclips day (29 March) and normal day (30 March)

Fi gure 14, Hourly variation of ozone at eclips day (29 March) and normal day (30 March)

CONCLUSIONS and RECOMMENDATIONS
Montreal Protocol is important for the ozone layer (and implicitly for climate change) but does not
address emissions.
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The Kyoto Protocol is important for climate change, and this addresses emissions and emission
reductions. Replacement strategies under both Montreal (CFC, HCFC) and Kyoto (HFC) are
important for the atmosphere.
Multi Lateral Fund (MLF) provided financial & technical assistance to Egypt, 40 investment
projects has been carried out by UN implementing agencies namely UNDP, GTZ and UNIDO during
the period of 1992 through 2009.
Egypt is in compliance with the ODS phase-out targets, and with those targets achieved, the time was
ripe to look into the future and work to phase out the hydrochlorofluorocarbons (HCFCs), drawing
on lessons learned in phasing out other ozone-depleting substances.
Calculations of ODP & GWP of these 40 projects implemented in Egypt from 1992 – 2009 indicated
that the ODP of all projects is 3197 Tons while the GWP is 17,056,450.7 CO2e metric tons.
One of the main problems faced by the Egyptian ozone Unit is the lack of adequate funding to
maintain such activities over time. This is particularly relevant since at this stage the ozone layer
seems to have reached the peak state of its depletion and sensitive monitoring and important research
is necessary to determine the future evolution and the start of the possible recovery ozone layer and
ozone hole. Also, it is needed to fund cooperative programs between Ozone Unit in Egypt (funded by
Montreal Protocol) and the Central Department of Climate Change (CCCD) in Egypt which had
some fund through Kyoto Protocol to conduct research programs and fund building database (DB)
for both programs. This database aim to involve:
• This DB will involve all related data and information from the different sites managing the
work from abroad (as UNDP-UNIDO- GEF-UNFCCC-IPCC- Montréal Protocol- …). It will
take care of all activities inside Egypt which deals with related activities as Line Ministries,
Custom Authority, NGOs, Universities, Research Institutes, Associations, Factories and other
stockholders who are dealing with phasing out ODS,s and related activities.
• The DB intends to include inputs from engineering facilities and energy contracting
providers, investors, financial institutions, and government and private sector stakeholders in
the region. Hence, the approach proposed taking actions related to the two multilateral
environmental agreements, namely, the Kyoto Protocol on Climate Change and the Montreal
Protocol.
• Exchange electronic data & information between Egyptian Meteorological Authority (EMA)
of Egypt and Ozone Unit in EEAA.
• Egypt needs the fund for having this DB including servers, terminals, system software and
other relevant equipments.
•

We will appreciate assistance to start measurements of vertical ozone distribution advice to
elaborate a by ozonesonde especially at Aswan station (tropical area).

It is strongly recommended to conduct Clean Development Mechanism (CDM) for the upcoming
Chillers project in Egypt and inform UNFCCC through the Designated National Authority (DNA) of
Egypt before start implementing the project.
Much work needs to be carried out to understand many aspects of the ozone evolution and change,
including impact of HCFCs, ozone-climate relationships, UV relationships, etc. The international
cooperation and assists for improvement the research level and quality are appreciated especially for
African countries.
It is recommended to support awareness programs to increase the use of ODS alternative substances
with low or negligible global warming potential.
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Implementation of ISO standards for data quality assurance is needed for all instruments and
observation technologies used for monitoring of ozone and UV in the global networks.
This includes manly definition and implementation of traceable calibration systems/chains, Standard
Operating Procedures (SOPs) and maintenance of relevant metadata files.
It is recommended to take care of problems on operation of instruments and stability of data quality
persist at some strategic ozone stations located mainly in developing countries in the tropics and in
the Southern Hemisphere. To solve the situation the WMO/GAW and the UNEP Programs should
reinforce their key role in the capacity building and in maintenance of the global ozone and UV
monitoring infrastructure.
It is recommended to study on atmospheric chemistry in relation to ozone layer depletion and climate
change, and to develop climatic models to predict the climatic change over Egypt.
It is strongly recommended to support dissemination program for the data and information related to
Ozone to the public (newspapers, reports, workshops, radio & TV programs and other resources).
The data shows that the total amount of ozone measured in Egyptian ozone measurement stations
network until 2009 tended to increase slightly. This indicates that the ozone layer above Egypt is not
very much affective by the reduction occurring in the north and south polar airs.
Dr. Ezzat Lewis
&
Dr. Mounir W. Labib
&
Dr. Wafik M. Sharobiem
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Report of Ongoing and Planned Ozone and Ultraviolet Radiation
Activities in Estonia
for the WMO/UNEP Ozone Research Managers Meeting, 02 - 04 May 2011, Geneva,
Switzerland
By Kalju Eerme,
Tartu Observatory
1. OBSERVATIONAL ACTIVITIES
Most of systematic monitoring of atmospheric ozone and UV solar radiation in
Estonia is performed at Tõravere (58° 15' N, 26° 28' E, 70 m a. s. l.), where the
research institute Tartu Observatory and the Tartu-Tõravere Meteorological Station of
the Estonian Meteorological and Hydrological Institute (EMHI) are located. Research
areas of the Tartu Observatory are astrophysics and atmospheric physics. The
meteorological station belongs to the Baseline Surface Radiation Network (BSRN)
and is specialized on solar radiation measurements. Scientific work on ozone and UV
radiation is performed since early 1990s at the department of atmospheric physics of
Tartu Observatory. Different auxiliary regular measuremants like aerosol and cloud
data collection are also performed at the same location. Since 2002 sun photometer of
NASA AERONET measuring column aerosol optical depth (AOD) operates there and
the group of aerosol studies of University of Tartu performs atmospheric aerosol size
distribution measurements. The landscape pattern around consits of arable fields,
grassland areas and patches of coniferous forest. It may be considered typical to
Estonia.
1.1 Measurements of column ozone
Most of research work using column ozone is based on satellite data. Local column
ozone measurements at Tõravere have been rather episodic. Regular direct sun
column ozone measurements have been carried out in 1994-1999 using specially
suited laboratory spectrometer SDL-1 supplied with a mirror system and Dobson
retrieval algorithm. Since 2003 direct sun column ozone measurements are performed
using MICROTOPS-II instrument. The average ratio of MICROTOPS-II to OMI
values has been 1.002 with SD ± 2.3 %. In summer season SD is approximately ± 8
DU.
1.2 Profile measurements of ozone
No profile measurements of ozone have been performed in Estonia.
1.3 UV measurements
1.3.1 Broadband instruments
All the solar radiation measurements with filter instruments are performed at the
Tartu-Tõravere Meteorological Station under scientific supervising by research
scientists of Tartu Observatory. The first broadband instrument erythemally weighted
sensor UV-SET operates since January 1998. The locally developed, manufactured
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and tested broadband UV-A and erythemal sensors on the basis of the solar blind
phototube with caesium telluride photocatode were installed in 2002. Kipp & Zonen
broadband UV-A sensor as well as YES broaband UV-B sensor were operate since
2005. An handheld erytheme UV meter Solar Light PMA 2200 is used as a transfer
instrument.
1.3.2 Narrowband filter instruments
Kipp & Zonen narrowband filter instrument CUVB 1 with effective wavelength
306±0.2 nm and bandwith 2±0.5 nm operates at Tartu-Tõravere meteorological
Station since 2002. Similar
UV-B instruments are installed at two other
meteorological stations Tallinn-Harku (59o26' N, 24o45' E) and Pärnu (58o23' N, 24o
38' E).
1.3.3 Spectroradiometers
Spectral measurements of solar UV radiation are performed by Tartu Observatory at
the same location with filter instruments. Since 2004 UV spectra are collected by
Avantes Inc. simple array minispectrometer AvaSpec-256. A quartz fiber of 4 m
length and 100 μm diameter connects the optical input diffuser to the spectrometer
inserted to special refrigerator weather box and kept at the temperature +7o C. An
UFS-5 glass optical filter was installed between the diffuser and fiber to reduce the
stray light inside the spectrometer and to guarantee a reliable recording of signal in
the whole UV range. For the reliable recording of noise level the optical interface is
periodically covered by a shutter before and after each measurement cycle. Control of
the sensitivity for the uniform recording of spectra is realized through the change of
integrating time within the interval 1 to 60 s.
In 2008 purchising of spectrometric system based on Bentham Instruments Ltd.
DMc150F-U double monochromator was realized by funding of the EC REGPOT
project EstSpacE. The system was installed by early 2009 and is used for recording
of the solar UV spectra range 280-400 nm. By both systems the spectra are recorded
regularly with a period of 15 minutes.
1.4 Calibration activities
The broadband instruments operated by EMHI need regular recalibration and
intercomparison. Problems with funding restrict these activities. For the classical
broadband solar radiation sensors the problem is solved. During the period of UV
measurements the Eppley Labor Inc. pyrheliometers and Kipp & Zonen pyranometers
were used as the broadband solar radiation sensors. The intercalibration of sensors is
regularly performed in the World Radiation Center (Davos, Switzerland). Between the
campaigns, the absolute radiometer PMO-6 nr. R850405 is used as a secondary
standard for regular assurance of the calibration.
Calibration of optical instruments has been performed at Tartu Observatory during
several decades. The calibration is based on the tungsten-halogen standard lamp FEL
calibrated by Oriel traceable to NIST. An absolute radiometer PMO-6, previously
established as the reference instrument for solar radiometry, was used for comparison
of FEL lamps in the laboratory.
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A program for compensatory calculation of the stray light influence of the array
spectrometer AvaSpec-256 was applied. The slit-scattering function of the
spectrometer was measured directly using a 450 W xenon arc source and
monochromator at the Metrology Research Institute, University of Helsinki (Finland).
The stray-light level of the AvaSpec-256 spectrometer is rather high (0.1-1 %), but
the slit-scattering function is symmetrical and without noticeable artefacts. The
uncertainty estimation of the stray-light correction is based on empirical comparison
of the simplified algorithm and deconvolution over the set of measured spectra. For
the Bentham spectrometer the calibrator CL 6 is regularly used for checking the
sensitivity. The source is checked in laboratory of Tartu Observatory.
2. RESULTS FROM OBSERVATIONS AND ANALYSIS
Most of recent work in Estonia has been pointed to the studies of spectral
composition of the UV doses. Different environmental, biospheric, and health effects
as well as influences on atmospheric photochemistry depend on UV spectral
composition. The net effect of UV radiation on biological systems is a result of
balance between damage and repair which depends on the intensity and duration of
irradiance and is modulated by its variability. UV radiation in the lower atmosphere is
closely associated with stratospheric ozone, while air pollution and atmospheric
composition are strongly influenced by UV radiation. Environmental effects of the
UV-B irradiance at any site depend strongly on the availability of direct sunshine and
on solar elevation. In quantifying the effects of UV radiation and possible biospheric
responses, adequate estimation of doses weighted by action spectra is a necessary
precondition. At the site of Tartu Observatory the necessary auxiliary data extend
back to 1955 and allows to reconstruct action specta weighted UV doses.
Despite the fact that the most widely met low and medium level overcast cloudiness is
seemingly the most stable attenuating medium for the UV radiation, its cloud
modification factor (CMF) for most frequently met cloud types varies in wide ranges.
In the most UV radiation rich season when local noon SZA remains in range between
35o and 45o, the average CMF for overcast days appeared to be around 0.33 in the
UVB range and 0.35 in the UVA range, manifesting a relatively large contribution of
optically thick frontal clouds. No clear difference in the influence of SZA on CMF
between low level (St, Ns) and medium level (As, Ac) overcast cloudiness has been
found. The aerosol attenuation during large AOD episodes was found comparable to
that of medium level clouds. The major difference is that the aerosol attenuation
decreases with wavelength in the whole UV range and in the UVA range has
wavelength dependency opposite to that of attenuation by clouds.
The the work was addressed to potential collaboration with the researchers of UV
effects. The health effects depend more on the human behaviour than on the
availability of UV radiation. According to the medical study of random selection of
367 individuals performed in the Department of Internal Medicine University of Tartu
in winter 73 % in summer 29 % of them had serum 25(OH)D insufficiency. The
study of influence of UV-B radiation on the antioxidant anthocyanines content in
blueberries and strawberries performed in the Department of Horticulture of the
Estonian University of Life Sciences is in initial stage but the effect of UV-B
radiation on the antioxidant content is evident. In the Estonian Environmental
Research Institute the monitoring of air pollution and stone material corrosion
manifested obvious effect on UV-B radiation.
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3. THEORY, MODELLING, AND OTHER RESEARCH
Most of the analysis of UV data has been based on statistical methods. In particular
cases the radiative transfer calculations using LibRadtran codes have been performed.
In statistical trend analyses the conventional mean is widely used as a central
tendency measure. The analysis performed at the Tartu Observatory has shown that in
the case of monthly distributions of the ratio daily relative global irradiance to its
normal clear value the distributions are asymmetric and the central tendency will be
underestimated in summer months and overestimated in winter months. Trimean or
median are more robust measures of central tendency. Also the AOD measured by the
NASA AERONET sun photometer is distributed asymmetrically and the conventional
mean overestimates its typical value by about 25 %.
4. DISSEMINATION OF RESULTS
4.1 Data reporting
The local database of AvaSpec-256 UV spectra has been built in compliance with the
EDUCE standard. Raw spectrometer output data as well as the calibration coefficients
are recorded in the MySQL database. Calibration coefficients are regularly updated.
For inspecting and analyzing the spectra, a web-based interface was created using the
PHP programming language. During database query, all the necessary calculations are
performed, e.g. correcting for the dark signal and stray-light and applying of the
radiometric calibration. Calibration coefficients are interpolated linearly for any given
time. The recording of spectra measured by Bentham spectrometer is performed using
the software Benwin+. During the first year of measurements there have been some
problems with jumping of scale. For that reason the recorded spectra still have been
not transformed from the local databases to the European UV Data Base.
4.2 Information to the public
Short texts (about one page each) containing necessary information about atmospheric
ozone, UV radiation and recommendations on the optimal behaviour for safe sunshine
are available on homepage of Tartu Observatory (http://sputnik.aai.ee/koduleht/). A
graph showing the advance of UV-index during current day is also available. The
value of UV index is automatically integrated from the recorded spectra. The EMHI
homepage presented a daily maximum value of UV-index from UV-CET and now is
going to display current value in real time. During the period May to August the press
often displays materials on the UV index, on the quality of sun-glasses, on the sun
protection factor and on other sunbath related problems.
4.3 Relevant scientific papers
Ansko I., Eerme K., Lätt S., Noorma M., and Veismann U. (2008): Study of suitability
of AvaSpec array spectrometer for solar UV field measurements. Atmos. Chem. Phys.,
8 (12), 3247-3253.
Eerme K., Veismann U., Ansko I. (2008): Solar UV radiation and nature. 31 Estonian
Naturalists Congress. Planet Earth: Global and Local Problems. Eesti
Loodusuurijate Selts, 24-41, Tartu (in estonian)
Koepke P., De Backer H., Bais A., Curylo A., Eerme K., Feister U., Johnsen B., Junk
J., Kazantzidis A., Krzyscin J., Lindfors A., Olseth J. A., den Outer P., Pribullova A.,
Schmalwieser A., Slaper H., Staiger H., Verdebout J., Vuilleumier L., Weihs P.
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(2008): Modelling Solar UV radiation in the past: Comparison of the algorithms and
input data. Cost Action 726. Earth System Science and Environmental Management.
Final Report. COST Office, Luxembourg, 94 pp. ISBN 978-92-898-0043-3,
Kull M. Jr., Kallikorm R., Tamm A., and Lember M. (2009): Seasonal variance of 25(OH) vitamin D in the general population of Estonia, a Northern European country.
Bio Med Central Public Health 9:22, doi:10.1186/1471-2458-9-22.
Ohvril H., Teral H., Neiman L., Kannel M., Uustare M., Tee M., Russak V., Okulov
O., Jõeveer A., Kallis A., Ohvril T., Terez E. I., Terez G. A., Gushchin G. K.,
Abakumova G. M. Gorbarenko E. V., Tsvetkov A. V., Laulainen N. (2009): Global
Dimming and Brightening Versus Atmospheric Column Transparency, Europe, 19062007. J. Geophys. Res., 114, 1-17, D00D12, DOI: 10.1029/2008Jd010644.
Roots O., Roose A., Eerme K., Teinemaa E. (2009): Developing long-term monitoring
of ozone in Estonia: The mandate of the Montreal Protocol. Int. J. of Remote Sensing
30, (15&16), 4181-4194.
Eerme K., Kallis A., Veismann U., Ansko I.(2010 ): Long-term variations of available
solar radiation on seasonal timescales in 1955–2006 at Tartu-Tõravere
Meteorological Station, Estonia. Theoretical and Applied Climatology, 101, 371-379.
Aun M., Eerme K., Ansko I., VeismannU., Lätt S. (2011): Modification of Spectral
Ultraviolet Doses by Different Types of Overcast Cloudiness and Atmospheric
Aerosol, Photochemistry and Photobiology 87, 461-469.
Roots O, Roose A., Eerme K. (2011): Remote sensing of climate change and longterm monitoring of air pollution and stone material corrosion in Lahemaa test site in
Estonia, Int. J. of Remote Sensing (in press).
5. PROJECTS AND COLLABORATION
In 2004-2009 Estonia has participated in COST 726 action. At presesnt interest has
been expressed to participate in one submitted COST proposal.

6. FUTURE PLANS
Development of methods for backward estimation of UV doses corresponding
different action spectra in all weather conditions.
Searching and developing Estonian internal cooperation in quantitative studies of
environmental and biospheric effects of UV radiation.
7. RECOMMENDATIONS addressed to the 8-th ORMM
It should be useful if WMO/UNEP distributes some official recommendations to the
governments on the necessity to participate in intercomparisons of UV instruments
like it is done in the case of pyranometers. Otherwise the UV part of solar radiation
can be considered as something exotic and less important.
To emphasize the necessity of closer collaboration between the UV radiation
measuring community and process biologists community to produce synergy on the
influence of environmental factors on biospheric species and ecosystems.

.
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Report of the existing and planned ozone research activities of the European
Union, prepared for the 8th meeting of WMO/UNEP Ozone Research Managers,
Geneva, 2-4 May 2011

EUROPEAN UNION
European research on stratospheric ozone depletion and UV radiation
I. Introduction – past research actions
Stratospheric research has been a priority of the E uropean Framework Programmes for
Research and Technological Development (FPs) from the very beginning and has been
coordinated at Europe an level since the la te 1980s. The early European Stratospheric
Research Programmes (FP1-FP3, 1982-1994), focused on the investigation of potential
severe Arctic o zone losses and increased UV radiation across Europe and the populated
northern mid-latitudes. Research was implemented through a series of
national and
international programmes in cluding the European Arctic Stratospheric Ozone Experiment
(EASOE, 1991-92) and the Second European Stratospheric Arctic and Mid-l atitude
Experiment (SESAME, 1994-95).
Under the 4th Framework Programme for Research and Technol ogical Development (FP4,
1994-1998) the focus was on basic proc esses affecting ozone depleti on, in particular over
Northern Europe. The Third European Stratospheric Experiment on Ozone (THESEO, 19982000) was a major component of t his coordinated programme. Moreover, research
addressed the mid-latitude lower stratosphere, the interaction with other layers of the
atmosphere, the Arctic vortex, and exchanges processes between the Troposphere and the
Stratosphere in the tropics and sub-tropics.
The intention of the 5th Framework Programme for Research and Technological
Development (FP5, 1998-2002), Programme
Energy, Environment and Sustainable
Development (EESD) was to est ablish a so lid basis of informat ion on whi ch European
environmental legislation could be build on and to support international commitments such as
the Montreal Protocol. FP5 was promoting interdisciplinary research and focused on
understanding, quantification and prediction of stratosph eric changes and changing of UVradiation levels. The programme has been implemented through numerous projec ts
organised via a number of research clusters addressing similar topics: UV radiation (ATUV),
impact of aircraft emissions (CORSAIRE), ozone–climate interactions (OCLI), strat ospheric
ozone loss (SOLO).
The 6th Framewor k Programme for Research and Technological Development (FP6, 20022006) was designed to promote interdisciplinary research in a more integrated way. The
Integrated Project (IP), a newly defined funding instrument, became a very effective
implementation tool for stratospheric research at European level. Research focused on future
stratospheric ozone levels and physical and chemical processes affecting oz one depletion,
ozone-climate interaction and exchange proces ses between the Tropos phere and the
Stratosphere. FP6 res earch projects are lis ted in Table 1. In addi tion, the G MES (Global
Monitoring for Env ironment and Sec urity) initiative, also addressed stratospheric research
aspects (related to pre-operational services).
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In the 7th Framework Programme for Research and Technological Development (FP7, 20072013) integrated and interdisciplinary UV and stratospheric research continues under Theme
6 Environment and The me 9 Space. Priorities are in l ine with those of FP6. On going FP7
research projects are listed in Table 2.
In the past effec tive links ha ve been maintained with ex isting international atmospheric
observational programmes such as the Network fo r the Detecti on of At mospheric
Composition Change (NDACC) and the Gl obal Atmosphere Watch programme of the World
Meteorological Organisation (WMO-GAW).
Overall, stratospheric research has greatly benefited from European Framework
Programmes. They also provided effective co-ordination mechanisms to jointly use European
research facilities, promote integrated interdisciplinary research thereby addressing the
scientific problems in a more holis tic way. As a result, European research has significantly
contributed to the international Scientific Assessment of Ozone Depletion: 2010.

II. Stratospheric Research in FP6 (2002-2006)
The following section gives a more detailed overview of the FP6 stratospheric research
projects and their activities:
Under FP6 European Commission supported 3 IPs fo cusing on ozone-climate interactions
and UV radiation (SCOUT-O3, Stratospheric-Climate Links with Emphasis on the Upper
Troposphere and Lo wer Stratosphere), on quantifying the impa ct of emissions from the
transport sector on climate and ozone depletion (QUANTIFY, Quantifying the Climate Impact
of Global and European Transport Systems) and on atmospheric observations (GEOMON,
Global Earth Observation and Moni toring of the atmosphere ), resp ectively. In addition,
research priorities of I P GEMS (Global and reg ional Earth-system (Atmosphere) Monitorin g
using Satellite and i n-situ data) among others, included a component on the assimilation of
gas-phase chemical species in the stratosphere and troposphere.
Furthermore, the European Commission funde d a number of Specific Support Actions
(SSAs) to underpin stratospheric research and relevant policies. ATTICA (European
Assessment of Transport Impacts on Climate Change and Oz one Depletion) was designed
to assess the impact of the transport se ctor (aviation, land t raffic, shipping) on climate
change and ozone depletion, and the HCFC-Works hop (5-6 April 2008, Montreal) was
designed to help developing countries to path ways to reduce and early phas e-out HCFCs
consumptions and emissions, respectively.

2.1 Core objectives of SCOUT-03
The aim of SCOUT-O 3 (Finalised May 2010) was to study and predict the evolution of the
coupled chemistry/climate system with emphasis on reliable prediction of the future evolution
of the ozone layer and surface UV. Forecasts were build on refined and improved models by
exploiting existing data for model testing and validation and by provision of new data on
fundamental processes. In order to meet these goals, 10 project activities were defined:
•
•
•
•
•
•
•

Determination of air residence time (with major field campaign);
The influence of clouds on the tropical UTLS (with major field campaign);
Understanding the stratospheric water vapour trend and its consequences;
The stratospheric aerosol layer – role of TTL and possible changes;
Past UV changes, variability and trends;
Ozone variability and past changes at mid-latitudes;
Inter-annual variability in polar processes and likely changes in a changing atmosphere;
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•
•
•

Improved understanding of the Brewer-Dobson and general stratospheric circulation;
Stratosphere/troposphere coupling – past and future;
Predictions of ozone recovery, effect on climate change on recovery and the impact of
the ozone changes on surface UV.

Campaigns
•
•
•
•
•

Tropical aircraft campaign has been carr ied out November-December 2005, Darwin,
Australia (Russian stratospheric research aircraft M55 Geophysica was contributing);
Atmospheric research campaign with M55 Geophysica from July 31 to Au gust 18, 2006
in Ouagadougou, Capital of Burkina Faso, West Africa;
SCOUT-O3/AMMA tropical balloon campaign, Niger, July-August 2006;
SCOUT-O3 UV radiation and aeros ol campaign, Thessaloniki (Gree ce) July 2006 in
Southern Europe;
Balloon campaigns 2008.

2.2 Core objectives of QUANTIFY
The main goal of QUANTIFY (fina lised in end of 2010) was to quanti fy the impact of global
and European transport systems on climate and ozone depletion for the present situation
and for sev eral scenarios of future development. The climate impact of various transport
modes (land transport, shipping, an d aviation) has been a ssessed, including those of longlived greenhouse gases like CO2 and N2O, and in particular the effects of emissions of ozone
precursors and particles, as well as of contrails and ship tracks.
Several transport scenarios and potential mitigation options have been assessed to identify
the most effective combination of short and long-term measures as input for policy- and
industrial decisions. The project aimed to provide such guidance by focused field
measurements, exploitation of e xisting data, a range of numerical models, and new policyrelevant metrics of climate change. The project focused on the following activities:
•
•
•
•
•
•
•
•

Establishment of transport Scenarios and emission inventories;
Regional dilution and processing (with emphasis on chemical conversion of ship
emissions);
Large –scale chemistry effects (impact of transport emissions on chemical composition
for past and present day conditions);
Long-term measurements of UTLS compounds;
Aviation, shipping and clouds (generation and modification of clouds by emissions of
different traffic modes, with emphasis on cirrus clouds);
Radiative forcing and climate change (contribution from different modes of transport);
Development of improved metrics of climate change;
Synthesis of the results.
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2.3 Core objectives of GEOMON
The goal of GEOMON is to su stain and analyze Europea n ground-based observations of
atmospheric composition complimentary with satellite measurements. It is a first step to build
a future i ntegrated European atmospheric observing system dealing with ob servations of
long-lived greenhouse gases, reactive gases, aerosols, and stratospheric ozone. GEOMON
is a European contribution to GEOSS (Global Earth Observation System of Systems) helping
to optimize the European strategy of environmental monitoring in the field of atmospheric
composition observations. Furthermore, the projec t is also relevant for the European GMES
(Global Monitoring for En vironment and Security) initiative integrating in-situ and satellite
measurements. Main activities:
•
•
•
•
•
•
•

Unify and harmonis e the main European networks of surface a nd aircraft-based
atmospheric measurements;
Support data gathering at existing networks;
Co-ordinate and access to data and data-products at a common data centre;
Integrate surface measurements with those of satellites with emphasis on data gathered
by NDACC stations;
Develop new methodologies to use these data for satellite validation;
Enable new ground based measurements complementary to satellites;
Deduce biases and random errors in satellite observations, to identify long-term trends in
tropospheric and stratospheric composition related to climate change.

2.4 Core objectives of GEMS
The GEMS project (Finalised end of 2009) has created the first-ever system for operational
global monitoring and medium & short range forecas ts of atmospheric chemistry and
dynamics. An improved exploitation of the best available satellite and in-situ data has been
achieved through assimilation into numerical models. By 2008, GE MS has produced nearreal-time & retrospective analyses of greenhouse gases, reactive gases and aerosols in the
troposphere and in the stratosphere on the regional and on the global scale. GEMS covered
the atmospheric theme with in the GMES initiative of the EC, and GE MS data products
provide valuable new analysis & forecast products for the GMES Service Element. Focus
was on:
•
•
•
•
•
•

Global Greenhouse Gases;
Global Reactive Gases;
Data on d epletion of stratospheric ozone and long-range
pollution;
Regional air quality;
Data assimilation and production;
Data validation.

transport of atmo spheric

2.5 Core objectives of ATTICA
The SSP ATTICA (finalized end of 2010) has provided a coherent series of assessments of
the impact of transport emissions on climate change and ozone depletion. Three
assessments cover the emissions of single transport sectors (aviation, shipping, land traffic)
and the fou rth assessment deals with metrics that describe, quantify , and compare in an
objective way the effects of the transport emissions in the atmosphere. Finally, the synthesis
summarises the key results of the individual reports in a coherent way, and is considered as
a reference document for stake holders and environmental policy makers.
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2.6 Core objectives of the HCFC technical workshop
The European Commission has organised an international technical HCFC workshop, 5 -6
April 2008, Montreal, Canada, which foc used on the options for reduc tion of cons umption
and early and phase-out of HCFC in developing countries between now a nd 2015.
Furthermore, it helped to identify ways to further reduce consumption and dependence on
HCFCs between 2016 and 2040. Specifically, the workshop has provided developing country
stakeholders with the technica l tools a nd information ne eded to ph ase-out HCFCs (e.g.,
information on viable alternatives, technology transfer, funding opportunities) and to build
consensus among stakeholders on next steps for this imp ortant issue that faces all of the
Parties to the Montreal Protocol.

III. Stratospheric and UV Research in the 7th Framework Programme
(FP7, 2007-2013)
Under Theme 6: En vironment (including Climate) UV and stratospheric research remains a
priority in FP7. More general speaking, research under the Environment theme is supporting
the implementation of relevant international environmental commitments, protocols, and
initiatives concluded by the European Union and its Member S tates, such as the UN
Framework Convention on Climate Ch ange (UNFCCC) and the Kyoto an d Montreal
Protocols, respectively. Research is considered as an essential component in the increasing
efforts of the European Commissio n to co mbat climate change and stratospheric ozone
depletion. Research includes health risks associated with changing UV radiation levels.
In addition, Programme 9. S pace under the GMES initiative also supports a topic on 'pilot
services atmosphere in new application fields' which also includes stratospheric aspects.
The FP7 2008 c all (Programme Environment) included two topics on UV and stratospheric
research, headline:
ENV.2008.1.1.2.1. Climate-chemistry interactions in the stratosphere related to ozone
depletion
Projects funded: RECONCILE and SHIVA
ENV.2008.1.2.1.5. Quantification of changing surface UV radiation levels and its impact
on human health
Project funded: ICEPURE

3.1 Core objectives of RECONCILE
RECONCILE (Reconciliation of essential process parameters for an e nhanced predictability
of Arctic stratospheric ozone loss and its climate interactions) addresses the effects of
climate change on strat ospheric ozone and its related feedback mechanisms. Furthermore,
the project will make reliable forecasts of future ozone loss and recovery.
Work tasks include:
•
•
•
•

Chemical kinetic parameter and alternative ozone destruction;
PSC microphysics and heterogeneous chlorine activation;
Atmospheric dynamics, mixing, vortex break-up;
Climate-Chemistry modelling.
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Campaigns, experiments
•
•
•

Aircraft campaign (M55-Geophysica) Winter 2009/2010, Kiruna, Sweden;
Match Campaign Winter 2009/2010 launching ozone sondes;
Laboratory experiments on ClO dimer absorption cross section.

3.2 Core objectives of SHIVA
SHIVA (Stratospheric ozone: Halo gen impacts in a varying Atmosphere) aims to reduce
uncertainties in present and future halogen loading and ozone depletion resulting from
climate feedbacks between emiss ions and transport of oz one depleting substances (ODS).
The focus is on the impact of short and very short-lived substances (VSLS) in the tropical
regions and its climate–sensitive natural emissions.
Work tasks comprise:
•
•
•
•
•

The oceanic emission strength of halogenated gases;
Their atmospheric transport/transformation from the surface to the lower Stratosphere;
The past, present and future trend of the total halogen burden;
Its impact on the past, present and future ozone in the Stratosphere Campaigns;
Tropical campaign (Research Vessel Sonne, Falcon aircraft) will take place in late 2011.

3.3 Core objectives of ICEPURE
ICEPURE (The impact of climatic and environmental factors on personal ultraviolet radiation
exposure and human health) will determine the adverse and beneficial health effects of UVR
exposure and their relationship with climatic and environmental factors that modify the UVR
spectrum.
•
•
•
•

Measurement of personal UVR exposure;
Development of new radiative transfer models;
Determination of the beneficial and harmful biological effects of UVR;
Review of the current health risks of UVR.

3.4 Core objectives of MACC
MACC (Monitoring Atmospheric Composition and Climate) is the current pre-ope rational
atmospheric service of the Euro pean GMES programme. MACC provides data records on
atmospheric composition for rec ent years, data for monitori ng present c onditions and
forecasts of the distribution of key constituents for a few days ahead. MACC combines stateof-the-art atmospheric modelling with Earth observation data to provide information services
covering European Air Quality, Global Atmospheric Composition, Climate, and UV and Solar
Energy.
Core objectives among others are:
•
•
•
•
•

Monitoring and Forecasting of Ultraviolet Radiation;
Total Ozone Record;
Near-real-time Ozone Monitoring;
Near-real-time Ozone Forecasts;
Monitoring of surface solar irradiance.
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These projects build the back bone of European Commission stratospheric research, thereby
maintaining a c ritical mass essential for future c ontributions to internat ional ozone and UV
assessments.

IV. Future activities
The complexity of the atmospheric processes, the scale of the s cientific problems and the
potential devastating impact on humans and the ec osystems caused by climate change,
stratospheric ozone depletion and changing UV radiation require real i nterdisciplinary
research collaboration. This has already started under the 5th and 6th Framework
Programmes and, as indicated above, c ontinues in the 7 th Framework Programme, where
research will be condu cted in the comi ng years focusing on the c limate-stratospheric
interaction.
Open scientific questions to be considered in coming calls concern the exchange between
the Troposphere and Stratosphere under changing climatic conditions; changes, interactions
and feedback between atmospheric composition, the climate sys tem, variations in the solar
spectrum and its consequences for the Stratosphere

258

Table 1: Relevant research projects supported under FP6
SCOUT-O3 (Stratosphere-Climate Links With Emphasis On The UTLS)
Co-ordinator: Prof. John Pyle, University of Cambridge, UK
Budget: 15.000.000 €
Starting date: 1 May 2005
Duration: 5 years
Web-link: http://www.ozone-sec.ch.cam.ac.uk/scout_o3/index.html
QUANTIFY (Quantifying the Climate impact of Global and European Transport
Systems)
Co-ordinator: Prof. Robert Sausen, DLR, DE
Budget: 8.388.172 €
Starting date: 1 March 2006
Duration: 5 years
Web-link: http://www.pa.op.dlr.de/quantify/
GEOMON (Global Earth observation and monitoring of the Atmosphere)
Co-ordinator: Prof. Philippe Ciais, CEA, FR
Budget: 6.621.740 €
Starting date: 1 February 2007
Duration: 4 years
Web-link: http://geomon.ipsl.jussieu.fr/
GEMS (Global and regional Earth-system (Atmosphere) Monitoring using Satellite and
in-situ data)
Co-ordinator: Dr. Adrian Simmons, ECMWF, UK
Budget: 12.450.000 €
Starting date: 1 March 2005
Duration: 4 years
http://www.ecmwf.int/research/EU_projects/GEMS/
ATTICA (European Assessment of the Transport impacts on Climate and Ozone
Depletion)
Co-ordinator: Prof. Robert Sausen, DLR, DE
Budget: 680.000 €
Starting date: 1 June 2006
Duration: 3 years 6 months
Web-link: http://www.pa.op.dlr.de/attica/
HCFC workshop
Co-ordinator: ICF international
Budget: 300.000 €
Starting date: 1 January 2007
Duration: 1 year 6 months
The HCFC workshop, 5-6 April 2008, Montreal, Canada
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Table 2: Relevant research projects supported under FP7
RECONCILE (Reconciliation of essential process parameters for an enhanced
predictability of Arctic stratospheric ozone loss and its climate interactions)
Co-ordinator: Dr. Marc von Hobe, Forschungszentrum Jülich, DE
Budget: 3.500.000 €
Starting date: 1 March 2009
Duration: 48 months
Web-link: https://www.fp7-reconcile.eu/
SHIVA (Stratospheric ozone: halogen impacts in a varying atmosphere)
Co-ordinator: Prof. Klaus Pfeilsticker, University of Heidelberg, DE
Budget: 3.500.000 €
Starting date: 1 July 2009
Duration: 36 months
Web-link: http://shiva.iup.uni-heidelberg.de/
ICEPURE (The impact of climatic and environmental factors on personal ultraviolet
radiation exposure and human health)
Co-ordinator: Prof. Antony Young, King's College London, GB
Budget: 3.500.000 €
Starting date: 1 February 2009
Duration: 36 months
Web-link: http://www.icepure.eu/
MACC (Monitoring Atmospheric Composition and Climate)
Co-ordinator: Dr. Adrian Simmons, ECMWF, UK
Budget: 11.700.000 €
Starting date: 1 June 2009
Duration: 29 months
Web-link: http://www.gmes-atmosphere.eu/

Prepared by: Dr. Claus Brüning
European Commission, DG Research and Innovation,
Unit I.4, 'Climate Change and Natural Hazards' CMDA 3/119, B-1049 Brussels
Tel: + 32-2-295.4484, Fax: +32-2-299.57.55, e-mail: claus.bruning@cec.eu.int
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FINLAND
1.

GROUND BASED OBSERVATIONS

1.1
Column measurements of ozone and other gases/variables relevant to ozone loss
The discovery of the Antarctic "ozone hole" in the mid 1980s initiated several ozone monitoring
activities also at northern high latitudes. In Finland, ozone column monitoring has been carried out
by the Finnish Meteorological Institute at Sodankylä (67.4°N, 26.6°E) since 1988 and at Jokioinen
(60.5°N, 23.3°E) since 1994. At both stations an automated system based on Brewer
spectrophotometer is continuously operated.
At Sodankylä Arctic research centre (FMI-ARC) wintertime ozone columns are also monitored with
a SAOZ spectrophotometer which is operated in cooperation with CNRS-Paris already since 1990.
The SAOZ measurements also provide NO2 and OClO column amounts. This instrument works at
large solar zenith angles and is thus capable of measurements during the wintertime at high
latitudes. Multiyear ozone measurements from both stations have shown large inter-annual
variations, in addition significant ozone loss has been observed in the Arctic stratospheric vortex
during several years since early 1990s.
1.2
Profile measurements of ozone and other gases/variables relevant to ozone loss
Ozone soundings have been carried out since 1989 at Sodankylä where balloon ozone sensor
measurements are carried out regularly throughout the year, while in Jokioinen these
measurements are conducted during winter and spring when chemical ozone depletion is
expected.
Another long-term initiative at FMI-ARC related to stratospheric ozone is the measurements of
polar stratospheric cloud (PSC) properties. PSCs play an essential role in chlorine activation and
subsequent ozone depletion. PSCs are generally divided in two types based on their optical
parameters, type II are large particles of primarily water ice, type I are typically smaller particles of
nitric acid trihydrate or supercooled ternary solution droplets. At Sodankylä these stratospheric
cloud particles have been observed during stratospheric campaigns since 1991/1992 by lidar and
since 1994 by aerosol backscatter sondes. Recently cooperation with ETH Zurich has started in
the framework of development of a new backscatter sonde.
At Sodankylä, since December 2002, stratospheric humidity is monitored in winter months using
Cryogenically cooled Frost point Hygrometer (CFH) and/or hygrometers developed at the Central
Aerological Observatory of RosHydromet. Already earlier, in January 1996 an Arctic dehydration
event was recorded and investigated at Sodankylä using NOAA/CMDL hygrosonde, a predecessor
of CFH.
The national meteorological institutes in Finland (FMI) and Argentina (SMN) started a joint ozone
research program in 1987, including total ozone measurements at Marambio (64.1°S, 56.4°W),
Antarctica. In 1988 routine ozone soundings were started at Marambio. Recently FMI and SMN
have started Aerosol optical depth and radionuclide measurements at Marambio.
1.3

UV measurements

1.3.1 Broadband measurements
FMI operates SL501 broadband instruments at six sites in Finland. These instruments provide online information on the erythemal irradiance that is published through the internet along with the
UV-Index forecast.
1.3.2 Narrowband filter instruments
FMI cooperates with Argentina and Spain on Antarctic ozone and UV. In 1999 the collaboration
was extended to include UV radiation research. The established UV monitoring network consists of
NILU-UV instruments in Marambio, Belgrano and Ushuaia, and a travelling reference. In
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Sodankylä a NILU-UV radiometer has been used to measure UV radiation of a reference field
within a large field experiment of FUVIRC (Finnish Ultraviolet International Research Center). One
NILU-UV, in Helsinki, has been acquired for campaign use.
1.3.3 Spectroradiometers
FMI has monitored the spectral UV irradiance with Brewer instruments in Jokioinen (Mark III since
1995) and Sodankylä (Mark II since 1990). Additionally, a Bentham DM150 has been acquired for
campaign use, as well as, more recently, one diode array spectroradiometer SP-J1009 for
monitoring the spectral irradiance on a vertical surface following the solar azimuth, and another for
monitoring the direct spectral irradiance at Jokioinen.
1.4
Calibration activities
FMI has dark room UV calibration facilities both in Jokioinen and Sodankylä. FMI has participated
in several UV measurement comparison campaigns, where it has been established that the quality
of Finnish Brewer measurements is excellent and steady. The Brewer instrument of Jokioinen
served as one of the core instruments of the QUASUME project (Quality Assurance of Spectral
Ultraviolet Measurements in Europe). The European reference spectroradiometer developed in the
project is invited for auditing visits to both observatories on a regular basis. FMI is also responsible
for calibration of the Antarctic NILU-UV travelling reference instrument and data quality assurance.
Brewer ozone measurements in Jokioinen and Sodankylä are calibrated by annual visits of a
travelling Brewer standard instrument, which in turn is calibrated against the Brewer Triad at
Toronto.
1.5.
Measurement and validation campaigns
The Arcitc research center at FMI has become an important site for ozone validation campaigns. In
2006 and 2007 major ozone campaigns were organised in Sodankylä by NASA, ESA and FMI,
aiming to achieve < 1% total ozone measurement accuracy in both ground based and satellite
based platforms. Sub-percent accuracy is needed for reliable monitoring of the effects of Montreal
protocol. FMI Arctic Research Centre (FMI-ARC) also participated in the EUMETSAT EPS
campaign in 2007, which involved ozone soundings and groundbased measurements.
FMI has also hosted international intercomparison campaigns of lightweight hygrosondes in 2004
and 2010. The LAPBIAT Atmospheric Sounding Campaign in January-March 2010 involved a
large set of stratospheric measurements by applying various measurement techniques. FMI ARC
has participated in ozonesonde Match campaigns during each Arctic winter. In 2011 FMI
organised the CEOS Nordic Ozone Intercomparison campaign. The goal of the campaign was to
characterize Brewer and Dobson spectrophotometer accuracy.
2.
SATELLITE OBSERVATIONS AND DATA PRODUCTS
FMI has a strong participation in four satellite instruments that are targeted for monitoring ozone in
the atmosphere (GOMOS/Envisat, OSIRIS/Odin, OMI/EOS-Aura). The GOMOS stellar occultation
instrument onboard the ESA’s Envisat satellite has been operating since spring 2002. High vertical
resolution ozone profiles that cover the altitude range from upper troposphere to lower
thermosphere during years 2002-2011 are already available. FMI participates in ensuring the
GOMOS data quality and in improving the data processing as a member of the ESA’s GOMOS
quality working group. The full reprocessing of GOMOS data is expected in 2011. Resent research
also include developing an algorithm for processing GOMOS bright limb data.
GOMOS data plays an important role in the ESA’s climate change initiative for developing
essential climate variable (ECV) of ozone. FMI participates in developing the ECV dataset of high
resolution ozone profiles using GOMOS data. In addition, FMI is presently studying whether
GOMOS ozone data can be used to continue the satellite based high resolution ozone profile
dataset of SAGE solar occultation instruments.
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The OSIRIS instrument onboard the Swedish small satellite Odin has measured ozone profiles
since 2001. The ozone profiles are processed also at FMI and during the last years the validation
and optimization of the algorithms have taken place.
FMI is developing GOMOS and OSIRIS monthly averaged zonal averages and these data are
distributed via internet (fmilimb.fmi.fi/).
The Dutch-Finnish OMI instrument onboard the NASA’s EOS-Aura satellite has measured total
ozone columns since 2004. FMI is hosting the OMI UV irradiance processing and archiving facility
which includes level 2 data, gridded level 2 data and level 3 data. The improvement and validation
of the UV products are continuously ongoing. In addition, local maps of total ozone columns and
UV irradiance together with other atmospheric constituents covering Central and Northern Europe
are processed at FMI. These Very Fast Delivery (VFD) products exploit the Direct Broadcast
antenna at Sodankylä, Northern Finland. These products are available in the Internet (omivfd.fmi.fi)
within 15 min after the overpass of the satellite. As a continuation to FMI’s research related to
OMI, we have recently studied methods to retrieval ozone profile data using Sentiel-5precursor/TROPOMI instrument.
FMI is responsible of developing, distributing, archiving of the UV-radiation product of GOME-2.
This is done within the EUMETSAT’s Satellite Application Facility project of ozone and atmospheric
chemistry, O3M-SAF (o3msaf.fmi.fi).
3.
RESULTS FROM OBSERVATIONS AND ANALYSIS
FMI has developed quality control (QC) and quality assurance (QA) practices that are suitable for
many kinds of UV instruments. At FMI, at the moment, only Brewer UV measurements are
considered to have a sufficient quality for assessment of long-term changes. The QC/QA
procedures of the Brewers include daily maintenance, laboratory characterizations, calculation of
long-term spectral responsivity, data processing and quality assessment. New methods for the
cosine correction, the temperature correction and calculation of long-term changes in spectral
responsivity were implemented. The Sodankylä spectral time series is among the longest in
Europe. A study on the Sodankylä UV time series 1990-2001 revealed no consistent trend during
this 12 year period. An increase in UV radiation was observed in early 1990s and then a decrease
towards the end of the period with the largest values occurring in 1993 and after the cold winters of
mid 1990s. These observations are consistent with the ozone layer development in the same
period. The reanalysis of the entire time period is under work.
FMI has participated to UV albedo measurement campaigns. Measurements of snow albedo are
still a big challenge due to the demanding measurement conditions as well as measurement
uncertainties. The UV albedo has been quantified over Sodankylä. The results show that the
albedo of snow depends on the properties of the snow, and that the grain size of the snow differs
between the European Arctic and Antarctic regions, which introduce a different UV albedo in these
regions. Other atmospheric parameters, e.g., cloudiness and temperature, can influence the
albedo. At Sodankylä, the snow albedo was found to change within a few hours, due to the effect
of temperature on snow's properties.
Ozonesonde observations have been conducted in Sodankylä since 1989. This data along with the
data from other Arctic stations have been analyzed. It was seen that during the recent decades the
largest ozone changes in the stratosphere and troposphere have occurred in the late winter/spring
period. The observed negative trend in the stratosphere prior to 1996-1997 can be attributed to the
combined effect of chemical and dynamical changes, while the observed increase since then is
primarily due to the dynamical changes. In the troposphere, trends have been positive regardless
of the chosen time period. This may be related to the long-term changes in Arctic oscillation as it
regulates the transport of ozone and its precursors from industrialized regions towards the pole
and it may also modulate stratosphere-troposphere exchange.
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Water vapour changes in the UTLS have a large impact on the climate system. Yet the accurate
measurements of the UTLS water vapour remain a technological challenge. FMI has hosted two
major field campaigns of comparison of light-weight instruments capable of water vapour
measurements in the upper troposphere and lower stratosphere. The campaigns has led to a
better understanding of the accuracy of the in situ instruments and contributed to significant
improvement of the technology. In addition, the data provided a unique opportunity to study
meteorological processes in the lower stratosphere and upper troposphere including PSCs and
dehydration.
4.
THEORY, MODELLING, AND OTHER RESEARCH
The modelling activities related to middle atmospheric ozone includes the use of a global 3D
chemistry transport model of the stratosphere and mesosphere (FinROSE-ctm), a climate model
covering the middle atmosphere (MAECHAM), a coupled atmosphere-ocean model (HadGEM1)
and a model of the ionosphere (Sodankylä Ion Chemistry model). The modelling work includes
both studies of long term trends of stratospheric ozone and water vapour utilizing reanalyzed
meteorological data (ECMWF reanalysis data) as well as process studies (PSC, chlorine
activation, ozone loss rates). The studies are also focused on impacts of ozone depletion and
recovery on surface climate, which are shown to be significant in the Southern Hemisphere. These
results add to increasing number of evidences that the stratosphere plays an important role in
climate change and call for a better representation of the stratosphere in models used for climate
studies, in particular for a wider use of chemistry-climate models (CCMs) which include
stratospheric ozone chemistry. FMI has participated in preparation of the SPARC assessment of
CCMs (CCMVal-2, http://www.atmosp.physics.utoronto.ca/SPARC/ccmval_final/index.php) in
support of WMO ozone assessment 2010 and the upcoming IPCC report. The scientific use of
satellite measurements is increasingly important. In addition, the impact of solar proton events on
the stratosphere and mesosphere is studied. In this study the unique night time ozone profile
measurements of the GOMOS instrument are used. GOMOS data are also used for studying
turbulence and gravity waves in the stratosphere.
FMI has developed models for reconstruction of the past UV time series as well as for assessment
of the future UV levels. These data are essential for assessment of the long-term changes in
surface UV. FMI contributed to the Arctic Climate Impact Assessment (ACIA) with a shared lead
authorship of the chapter on ozone and UV. FMI has participated in multidisciplinary research
projects that aim at better understanding of the effects of increased UV exposures on human
health, terrestrial and aquatic ecosystems, or materials.
FMI coordinates the research project UVEMA exploring the Effects of UV radiation on MAterials.
The study focuses on rubber compounds, natural fibre composites and carbon fibres provided by
the industrial partners of the project. A program of long-term outdoor material testing has been set
up at seven European sites, including Jokioinen Observatory and Arctic Research Centre at
Sodankylä. Prevailing UV radiation and weather conditions are being monitored alongside with the
program at each station. Exposed material samples will be investigated in respect of various
properties: colour, quality/coarseness of the surface and compression/flexural/tensile strength. As
an outcome, more reliable estimates for the useful life-time of the materials are to be gained.
FMI Arctic Research Centre at Sodankylä hosts the experimental fields of FUVIRC-experiment
(Finland UV International Research Centre) to study biological impacts of UV-B radiation to boreal
plants at enhanced UV-radiation condition. There are two experimental sites representing typical
landscape types of northern Fennoscandia, a boreal pine forest test field and peat land test field.
Enhancement of the ambient UV-exposure can be regulated to desired values through extensive
monitoring and control system. The field serves atmospheric chemistry, human health, and
biological research initiatives by providing extensive UV monitoring data, guidance (i.e. calibration
of instruments, maintenance of field test sites), and research facilities (i.e. laboratories,
instruments, equipment and accommodation for visiting researchers).
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5.

DISSEMINATION OF RESULTS

5.1
Data reporting
FMI has participated in the Global Atmospheric Watch (GAW) programme since 1994. Within the
program, FMI maintains the Pallas-Sodankylä GAW station and conducts an extensive research
programme related to atmospheric aerosols. Within this twin GAW station surface and boundary
layer measurements are done in FMI clean air site of Pallas while upper air measurements, UV
and Ozone monitoring takes place at Sodankylä (fmiarc.fmi.fi). In upper air research Sodankylä
functions as an auxiliary station in the global Network of Detection of Atmospheric Composition
Change (NDACC).
FMI maintains the European UV Database (EUVDB). EUVDB is a regional WMO database
containing some two million UV spectra (uvdb.fmi.fi/uvdb/). The UV spectra of the two Finnish
Brewer instruments are submitted to EUVDB.
Regular ozone soundings have been performed at Marambio since 1988, the ozone data is sent to
two international databases at the World Ozone and Ultraviolet Data Centre (WOUDC, Toronto,
www.woudc.org) and the Norsk institutt for luftforskning (NILU, Oslo, www.nilu.no/nadir/).
Furthermore, the UV measurements are available at polarvortex.org. Both the ozone and UV
measurements are used in scientific publications, and form a significant contribution to the WMO
ozone bulletins (www.wmo.ch).
5.2
Information to the public
FMI provides a 2-day global forecast of the UV Index (www.fmi.fi/uvi). The forecast, which is
published in the internet, includes contour maps of the local solar noon maximum clear sky
maximum UV Index. Additionally, local clear sky UVI forecasts are provided for several sites in
Finland and globally. The Finnish broadband UVI measurements are also incorporated in the web
page. FMI has actively participated in increasing the awareness of general public on the health
effects of UV radiation. In addition, FMI contributed to the Arctic Climate Impact Assessment
(ACIA) document with a shared lead authorship of the chapter on ozone and UV.
The major scientific results are published in international refereed journals and are also presented
at relevant international conferences. Popularized information is distributed through press releases
and interviews. Information about research activities, remote sensing projects as well as
measurements and analysis results are available through FMI web pages, www.fmi.fi. FMI-ARC
observations and analyses are available at fmiarc.fmi.fi.
Ozone depletion has a large public interest due to related health (UV) and environmental issues.
The unprecedented stratospheric conditions and severe ozone loss in the spring of 2011 triggered
a wide interest in the Finnish media (Figure 1).

Figure 1. Total ozone (DU) above Scandinavia on March 28, 2011. The exceptional Arctic ozone
depletion was noted by media in Finland. Both ground based and satellite measurements as well
as model forecasts were referred in the media. Left panel, FinROSE-ctm data. Right panel, OMI
total ozone data.
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6.
PROJECTS AND COLLABORATION
The major national funding organisations are the Academy of Finland and the National Technology
Agency of Finland. The ozone and UV related research is partly funded by the Academy of
Finland. FMI collaborates with Finnish Universities on atmospheric modelling and developing data
retrieval methods and assimilation techniques for the GOMOS and OSIRIS instruments.
SAARA (Studies of the Changing Antarctic Atmosphere using Soundings, Remote Sensing and
Modelling: A Bi-polar Approach)
• MIDAT (Middle atmosphere dynamics and chemistry in climate change)
• ASTREX (Advanced Analyses of Stratosphere- Troposphere Exchange)
• UTLS WaVa (Arctic upper troposphere lower stratosphere water vapour)
• COOL (Aerosol intervention technologies to cool the climate: costs, benefits, side effects, and
governance)
• FUVIRC (Finnish Ultraviolet International Research Center, http://fmiarc.fmi.fi/fuvirc/fuvirc_hs)
• UVEMA (Effects of UV radiation on Materials, uvema.fmi.fi/)
• MACC (EU project, FMI participating in task related to UV-radiation)
• O3M-SAF (EUMETSAT’s Satellite application facility on ozone and atmospheric chemistry)
• IGACO-O3/UV secretariat (WMO and GAW-ozone)
• ACSO (Absorption cross sections of ozone, IGACO-O3/UV activity)

•

FMI has participated in several EU funded Arctic and Antarctic research projects including tasks
such as stratospheric modelling and measurement campaigns. The modelling activities include
cooperation with the Max Planck Institute, Hamburg. Sodankylä has participated in all major
European stratospheric ozone campaigns. In 1999, 2003 and 2007 the Marambio activities formed
an important part of the international stratospheric ozone research campaigns. In addition, FMI
took part in activities organized during the International Polar Year 2007/2008.
FMI is coordinating the EUMETSAT Satellite Application Facility on Ozone Monitoring (O3M SAF,
o3saf.fmi.fi). O3M SAF is one of the SAFs in EUMETSAT SAF network. SAFs are specialised
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development and processing centres within the EUMETSAT Application Ground Segment
(www.eumetsat.int). O3M SAF is developed in co-operation with Koninklijk Nederlands
Meteorologisch Instituut (KNMI), Deutsche Zentrum fur Luft- and Raumfarhrt (DLR), Deutscher
Wetterdienst (DWD), Aristotle University of Thessaloniki (LAP), Hellenic National Meteorological
Service (HNMS), Danish Meteorological Institute (DMI), Meteo-France (M-F) and Koninklijk
Meteorologisch Instituut (KMI).
The purpose of the O3M SAF is to produce a set of near real-time and offline products and
validation services. Near real-time products are GOME-2 total ozone and ozone profiles, NO2 and
UV fields. Offline products derived from GOME-2 data are total and/or tropospheric column
amounts of ozone, NO2, BrO, SO2, HCHO, H2O, OClO, ozone profiles, aerosol index and UV fields
including cloudiness and albedo. The ozone and UV data is validated against ground-based
observations of total ozone and UV as well as balloon borne, microwave and lidar observations of
the vertical distribution of ozone. An important part of the O3M SAF activities has been related to
scientific work to develop radiative transfer calculation methods and other algorithms used for
satellite ozone and related data retrieval.
The Satellite Data Centre of FMI-ARC started in 2002. The activities include a processing facility
for the GOMOS/Envisat ozone instrument. The FMI-ARC data centre also process part of the
OSIRIS/Odin ozone data. Data reception and processing from the EOS-Aura satellite is also going
on for Very Fast Delivery products of the total ozone, SO2, aerosol index and UV irradiance
products, available within 15 min after the overpass of the satellite. The Centre is also responsible
of reception of OMI data used in near real time O3 and UV-products.
FMI also hosts the WMO IGACO (Integrated Global Atmospheric Chemistry Observations) Ozone
secretariat (www.igaco-o3.fi). One of the objectives of IGACO strategy, implemented through the
GAW programme of WMO, is to ensure long-term continuity and spatial comprehensiveness of
atmospheric composition observations, both in the troposphere and the stratosphere. During 20092011 the most active task related to IGACO-O3/UV has been the evaluation of absorption cross
sections within the so called ACSO activity.
7.
FUTURE PLANS
Although the basic processes related to stratospheric ozone are now believed to be fairly well
understood, there remain important research topics related to ozone and UV, such as the
interaction between ozone depletion/recovery and climate change and the effects of UV-irradiance
on nature, agriculture, and on materials. According to the present understanding the recovery of
the ozone layer will take several decades, but the scenarios contain many uncertainties, among
which man’s behaviour is not the smallest. Therefore it is desirable that the research and
monitoring activities will be continued and developed.
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GAMBIA
THE OZONE UNIT OF THE GAMBIA WEST AFRICA
BY ALHAGIE SARR

The Ozone Unit under tKe 7echnical SeUvices Network of the National
Environment Agency is charged with the responsibility of monitoring the activities
related to the United Nations EnvironPHQW Programme funded project on Ozone
Depleting Substances. The ultiPate aim of the Project is to cRmpletely phase-out
Ozone Depleting Substances from the GamEia and also tries to fulfill any other
requirements as enshrined in t he Montreal Protocol on Substances that Deplete the
Ozone layer.
Although the Ozone Unit was faFed with a lot of challenges in the past, the unit is
able to achieve some of its objectives.
In a bid tR achieving the set goals and
objectives of a complete phase out of Ozone Depleting Substances we printed five
hundred t-shirts which have already been distributed Nationwide for tKe common
man to read and understand issues related to Ozone depletion. These t-shirts were
evenly distributed in all the seven regions of the country.
In observance of world Ozone day on thH 16th of Septem ber 2010 the Ozone unit
organized in kanifing.The programme was graced by students, the police band, and
the General public. At the end of the MarcK pass participants were given T Shirts
bearing different messages about Ozone Depletion.
As part of the celebrations tR mark the world Ozone Day an open day was
organized where many dignitaries, stXdents and the general public were
introduced to work being carried out by the OzonH Unit. Other units within the
Agency were given the opportunity to display their work as well.
In another engagement the unit also orJanized a quiz for ten lRwer Basic Schools
at the NEA main office grounds. This parWicular programme was successful for tKe
fact that all the ten schools paUticipated fully. Prizes were given to the best three
schools and the remaining seven schools weUe given consolDtion prizes. Parents
and teachers acknowledged the success of the Tuiz and some of them even called
the office to express their appreciation of how the programme was conducted.
Our refresher trainings also were very su ccessful, because we were able to conduct
trainings in three provincial re gions of the country for custoPV and other securit\
officers. With regards refri geration technicians also we conducted one for Central
River Region and one in the Upper River Region.
In a bid to phasing out CFCs an incentiYe programme was inLtiated to help end
users that are fish processing factory owneUs to retrofit or reSlace their equipment
running on chlorofluorocarbons.
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Four companies were identified and all of the four com panies’ were given m oney
to either replace or retrofit their equipmHnt. The final National consultDQcy report
was a testimony to this significant achievement.
An inception workshop was organized to kiFk start the HPM P project preparatory
activities.
During the m onth of April 2010, four RHfrigerant Identifiers were distributed to
Customs Officials along strategic border posWs in the GamEia to strengthen our
resolve and commitment in the fight against the smuggling of ODS from other
countries.
Our awareness campaign to sensitize the Sublic about matters relating to the
depletion of the Ozone La\er is on-goiQg, which in cludes radio shows in the
Community Radio Stations tKroughout the country. This foUm of awarenesV
campaign involves panel discussions on t he radio during which listeners are giveQ
the opportunity to phone-iQ and ask questioQs seeking clarifications or even
contribute by m aking suggestions as to thH way forward. This particular activity
took us to Community Radio Stations in Farafenni, Basse, and Soma.
A draft proposal has been produced for Whe phase-out of Hydrocluorofluo carbons
from the GamEia .The draft is being Iinalized for submssion to E;COM for
approval.
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Germany - National Report for the 8th meeting of WMO/UNEP Ozone
Research Managers, Geneva, 2-4 May 2011
A number of institutions in Germany are very active in ozone and UV research and monitoring. See Table 1 for a summary. Generally, universities and research centers (MPI, DLR, KIT, FZJülich, …) are more research oriented, government agencies are more monitoring oriented. Germany is a key player for several satellite instruments (GOME, SCIAMACHY, MIPAS). Ground
based long-term observations in Germany are provided primarily by DWD (Hohenpeissenberg and
Lindenberg stations) and by AWI in the Arctic and Antarctic (Ny-Ålesund/Koldewey and Neumayer
stations). UV-monitoring is carried out by BfS, UBA and DWD. By hosting the World Calibration
Centre for Ozone Sondes (WCCOS) and the RA VI regional Dobson Calibration Center (RDCC, in
cooperation with the Czech Republic), Germany is supporting important international qualityassurance and quality-control activities. Table 1 gives an overview of institutes and their fields.
Table 1 German Institutes involved in ozone/UV research (R), development (D), modeling (MD), monitoring (MT), quality assessment /quality control (QA/QC)

Institute
Deutscher Wetterdienst (DWD)

Location
Hohenpeissenberg,
www.dwd.de
Lindenberg
Alfred Wegener Institut für Polar u. Potsdam, Bremerhaven
Meeresforschung (AWI)

Fields
MT, R,
QA/QC
R, MT, D

Keywords
RDCC, NDACC,
GAW
Neumayer, Ny Ålesund, MATCH

R, QA/QC,
MD
R, MD

Calibration O3-Sonde,
JOSIE, ClaMS
ECHAM, climate

Oberpfaffenhofen

R, MD, MT,
QA/QC

GOME, ECHAM, AirTraffic

Kühlungsborn

R, D, MT
MT

Middle Atmosphere,
Alomar,
UV

Berlin

MT,

Air quality

Bremen

R, D, MT

Köln

R, MD

GOME, SCIAMACHY,
MICROWAVE
EURAD,

Berlin

R, MD

Stratosphere

R, MT

CFC's

Mainz

R, MD

ECHAM/CHEM

Heidelberg

R, QA/QC

Kiel

R, MD

R, MD

DOAS, Bromine, Iodine
Middle Atmosphere,
Bromine
MIPAS, FTIR, ENVISAT, LIDAR, CARIBIC
UV, STAR

R

UV

www.awi.de

Forschungszentrum Jülich (FZJ)

Jülich

www.fz-juelich.de

MPI f. Meteorologie (DKRZ),

Hamburg

www.dkrz.de

DLR, DLR/DFD,
www.dlr.de/pa
www.wdc.dlr.de

IAP Kühlungsborn,
www.iap-kborn.de

Bundesamt f. Strahlenschutz (BfS) Salzgitter
www.bfs.de

Umweltbundesamt (UBA),
www.umweltbundesamt.de

Uni Bremen, IUP, IFE,
www-iup.physik.uni-bremen.de

Uni Köln, Inst. f. Meteorologie,
http://www.geomet.uni-koeln.de

FU Berlin, Inst. f. Meteorologie ,
http://www.geo.fu-berlin.de/met

Uni Frankfurt, Inst. f. Meteorologie, Frankfurt
http://www.geo.uni-frankfurt.de/iau

Uni Mainz, MPI f. Chemie (MPIC)
www.atmosphere.mpg.de

Uni Heidelberg, IUP
www.physik.uni-heidelberg.de

Uni Kiel, IFM-GEOMAR
http://www.ifm-geomar.de/index.php?id=me

Institut für Meteorologie und
Klimaforschung (IMK-KIT)

Karlsruhe, Garmisch- R, D, MD,
Partenkirchen (IfU)
MT, QA/QC

www.imk.kit.edu

Uni München (LMU)

München

www.meteo.physik.uni-muenchen.de

Uni Hannover, Inst. f. Meteorologie Hannover
www.muk.uni-hannover.de
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1.

OBSERVATIONAL ACTIVITIES
German agencies are major players in ongoing satellite measurements of ozone and related trace gases. The Institute für Meteorologie und Klimaforschung (IMK) of the Karlsruhe Institute for Technology (KIT) has co-developed the MIPAS instrument onboard ENVISAT, and is routinely deriving atmospheric profiles of ozone, temperature and many chemical compounds from the
MIPAS data. IUP Bremen is a lead partner for the SCIAMACHY instrument on ENVISAT, as well
as for GOME and GOME-2, both for instrument and algorithm development, as well as advanced
data processing. DLR is providing much of the ground-processing for several satellite missions and
also hosts the World Data Centre for Remote Sensing of the Atmosphere (WDC-RSAT).
Germany's Meteorological Service (DWD) is running a comprehensive ground-based
measurement program at the Observatories Hohenpeissenberg and Lindenberg, monitoring the
ozone vertical distribution and total ozone columns on a regular and long-term basis. Special efforts are put into high quality and long-term consistency. The time series cover more than 40 years
for column ozone and ozone profiles (Dobson since 1967 and Brewer since 1981, balloon-sonde
since 1967), and more than 20 years for stratospheric LIDAR observations up to 48km (since
1987). Data are regularly submitted to the data centers at Toronto (WOUDC), NDACC, NILU and
Thessaloniki. In addition to the operational UV-network of the BfS, DWD continues to measure UVB radiation for research and development purposes.
Table 2. Operational ground-based network for long-term measurements of ozone and UV
Type of observation
Total Ozone Column

Calibration
Ozone Vertical Profile

Calibration
UV

Location
Hohenpeissenberg
Hohenpeissenberg
Hohenpeissenberg
Lindenberg
Lindenberg
Garmisch, Karlsruhe
Izana, Kiruna
Hohenpeissenberg
Hohenpeissenberg
Hohenpeissenberg
Lindenberg
Ny Alesund (Svalbard)
Ny Alesund(Svalbard)
Ny Alesund(Svalbard)
Forster + Neumayer
(Antarctica)
Garmisch
Merida(Venezuela)
Jülich
Garmisch
Hohenpeissenberg
Lindenberg
Lindenberg
Lindenberg
Lindenberg
Dortmund
Kulmbach
München
Langen
Schauinsland
Sylt
Zingst
Zugspitze

Org.

Instrument

Type/No.

Start

DWD
DWD
DWD
DWD
DWD
IMK,
IfU
DWD
DWD
DWD
DWD
AWI
AWI
IUP
AWI

Dobson
Brewer
Microtops
Dobson
Brewer
FTIR

No. 104, No. 064
No. 010
No. 3128, No. 3785
No. 071
No. 030, No. 078

1967
1983
1996
1964
1987
2002

Dobson RDCC
Ozonsonde
LIDAR (Stratosphere)
Ozonsonde
Ozonsonde
LIDAR
μWaveRadiometer
Ozonsonde

No. 064
Brewer-Mast
DIAL
ECC (since 1992)
ECC
DIAL

1999
1967
1987
1974
1990
1991
2002
1985

KIT
KIT
FZJ
IfU
DWD
DWD
DWD
DWD
DWD
BAuA
LfU
BfS
BfS
BfS
CAU
BfS
FZK

LIDAR (Troposphere)
μWaveRadiometer
Ozonsonde
Bentham DTM 300
Brewer MK II
Brewer MK IV
Brewer MK III
Bentham DM 150
Spectro 320D
Bentham DM150
Bentham DM150
Bentham DM150
Bentham DM150
Bentham DM150
Bentham DM300
Bentham DM150
Bentham DTM300

DIAL

ECC (since 1992)

No. 010
No. 078
No. 118

1988
2004
1994
1991
1995
1996
2000
2002

1993
1993
1993
1995
1993
1995

The Alfred Wegener Institute for Polar and Marine Research (AWI) operates two fully
equipped polar stations in the Arctic (Koldewey/Ny-Ålesund), and Antarctic (Neumayer) and temporarily onboard RV POLARSTERN. Regular vertical ozone balloon soundings at Neumayer continue the very long Antarctic sounding record that started at the former Georg Forster station in
1985 (see Fig. 1). The full suite of NDACC measurements is also running at the primary station
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Fig. 1: Time and altitude plot of ozone partial pressure from German ozone soundings over Antarctica. Plot by G. König-Langlo, AWI Potsdam.

Koldewey/Spitsbergen. This includes ozone-soundings by ECC-sondes, Lidar, microwave, DOAS,
FTIR and UV-spectrometers. In addition, the same radiation measurements as at NeumayerStation are performed as part of the BSRN.
Both IUP Bremen and IMK Karlsruhe are running microwave radiometers for ozone profiles
(at Ny-Ålesund and Merida, Venezuela). IMK and IFU (both parts of KIT) operate FTIR spectrometers and routinely measure ozone columns (and many other trace gases) at sites in Germany
(Karlsruhe, Zugspitze), as well as Kiruna (Sweden), and Izana (Spain). The stratospheric aerosol
content is monitored by IFU-KIT since 1976 with a LIDAR which is part of the NDACC at the Garmisch site.
Measurements of ozone and ozone relevant species by IMK have been performed for many
years by ground-based, balloon and airborne observations. Since the successful launch of the
ENVISAT satellite in 2002, the retrieval of MIPAS-ENVISAT data beyond ESA standard products
at IMK provides high quality data sets on a global scale for ozone, temperature, tropospheric
source gases and their decomposition products (e.g. H2O, CH4, N2O, CFC-11, CFC-12, HCFC22, COCl, SF6), chlorine radicals and reservoirs (ClO, ClONO2, HOCl), nitrogen reactants and
reservoirs (NO, NO2, HNO3, N2O5, ClONO2, HNO4, BrONO2), odd hydrogen reservoirs (HOCl,
H2O2), pollutants relevant to upper tropospheric ozone chemistry (CO, C2H6, C2H2, HCN, formic
acid, acetone, PAN), and cloud particle properties of PSCs relevant for the polar ozone loss.
A new container with many new instruments is deployed from Airbus A340-600 passenger
aircraft of Deutsche Lufthansa AG. It regularly measures the distribution of ozone and other trace
gases in the tropopause region within the CARIBIC project (Civil Aircraft for the Regular Investigation of the atmosphere Based on an Instrument Container) since 2005. This project with many
European partners is co-ordinated by Max Planck Institute for Chemistry in Mainz.
http://www.caribic-atmospheric.com/
1.1.

Calibration activities
The Forschungszentrum Jülich hosts the World Calibration Centre for Ozone Sondes
(WCCOS). WCCOS is part of the quality assurance plan for balloon borne ozone sondes that are
in routine use in the GAW observation network of the WMO. Since its inception in 1995, WCCOS
provides an experimental chamber that simulates conditions in the atmosphere as a balloon ascends from the surface to the stratosphere. The Jülich Ozone Sonde Intercomparison Experiments
(JOSIE) have evaluated and improved the performance of the ozone sondes. In 2009 and 2010,
JOSIE experiments were conducted to derive transfer functions for different types of sondes to
homogenize long term ozone sounding records. The results will be integrated in the new
SPARC/IGACO-O3/IOC initiative on “Understanding past changes in the vertical distribution of
ozone”
The Regional Dobson Calibration Centre for WMO RA VI Europe (RDCC-E) at the Meteorological Observatory Hohenpeissenberg (MOHp) is closely co-operating with the Solar and Ozone
Observatory at Hradec Kralove (SOO-HK, Czech Republic). It has been responsible for second
level calibration and maintenance service of approximately 25 operational Dobson spectropho274

tometers in Europe since 1999, including the Antarctic Dobsons at Halley Bay (British Antarctic
Survey BAS) and Vernadsky (Ukraine). In October 2009, RDCC further supported the establishment of the Regional Dobson Calibration Centre for WMO RA I Africa, to be run by the South African Weather Service. Increasingly, RDCC has been helping to refurbish RA VI Dobson Instruments and to move them to developing countries outside of RA VI.
1.2.
UV-measurements
Apart from the routine UV monitoring activities given in Table 2, the University of Hannover
(G. Seckmeyer) has also been involved in WMO activities for the description and standardization of
UV measurement systems, most recently filter radiometers and the newly emerging UV array spectrometers. The resulting two WMO-GAW reports No. 190 and 191 are detailed in the reference list
under 4.3.
2.

RESULTS FROM OBSERVATIONS AND ANALYSIS
Stratospheric chlorine trend measurements at the IMK and IfU sites (ground-based), as well
as balloon-borne measurements from Frankfurt and Heidelberg Universities, indicate declining
chlorine since the mid 1990ies. This shows the success of the Montréal protocol. The data from
University of Heidelberg and University of Frankfort show that Bromine has also started to decline
in recent years (see Fig. 2).
Ozone trend analyses from IUP Bremen (satellite records, see Fig. 3) and at Hohenpeissenberg (Dobson, see Fig. 4) reveal increasing stratospheric ozone since the late 1990s. Ozone
increase in the upper stratosphere (not shown) is a first sign of a beginning ozone recovery, but
this is not so clear for the total ozone column and the lower stratosphere. There, dynamical factors
like the Arctic Oscillation (AO) contribute majorly to the recently enhanced levels. As Figs. 3 and 4
indicate, 2010 was a year with much higher total ozone than observed in the last 15 to 20 years.
This substantial increase in just one year can be attributed to the phase of the QBO in early 2010,
and to the extreme negative phase of the AO in much of 2010 (compare Fig. 4).

Fig. 2: Total stratospheric Bry from balloon-borne BrO observations (squares) and annual means
calculated from ground-based measurements at Harestua (60°N) and Lauder (45°S). The stratospheric data are compared to bromine (ppt) measured at the E arth’s surface, with varying amounts
of very short lived Bromine species added (blue lines). Plot by K. Pfeilsticker IUP Heidelberg.
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Fig. 3: Evolution of total ozone anomalies since 1979. Plot is based on the merged SBUV/TOMS/OMI
MOD V8 data record (1978-1996) and merged GOME1/ SCIAMACHY/ GOME2 (GSG) record. Anomalies were calculated from area weighted monthly mean zonal mean data in 5° latitude steps, by removing the seasonal mean from the period 1980-2008 (Plot by M. Weber, IUP Bremen).
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AWI has been instrumental in coordinating MATCH ballon-sonde campaigns for the
observation of polar ozone losses. MATCH campaigns have been carried out for over 15 years and
are a major component of European and world-wide ozone research. They document the long-term
evolution of polar ozone loss over the Arctic. Research and data from both IMK and AWI indicate
that the unusally cold Arctic winter vortex of 2010/2011 has resulted in large ozone losses, maybe
even exceeding the record losses observed in 2005.
3.

THEORY, MODELLING, AND OTHER RESEARCH
State of the art chemistry climate models (CCMs) and chemistry transport models (CTMs)
are used in Germany to simulate and understand the past evolution of the ozone layer, and to predict the future. German activities are well interfaced to international programs like the SPARCCCMVAL activity, which is co-led by DLR staff. ECHAM related model development takes place at
MPI-Mainz, MPI-Hamburg, FU Berlin, and at DLR. Models have been used to simulate the decadal
trends since the 1960s up to 2100, and have contributed significantly to SPARC CCMVAL and to
the WMO Scientific Assessments of Ozone (2006 and 2010). As an example, Fig. 5 shows the
evolution of extra-polar total ozone from a model simulation by DLR, which in the past compares
very well with observations. ECHAM based state-of-the-art CCMs now give a reasonable reproduction of mean parameters and long-term variability characteristics of the ozone layer.
Scientific studies based on the observations of the Arctic and Antarctic winters 2002 to
2004 and the results of several CTMs and CCMs, e.g. at IMK, showed that downward NOx transport from the mesosphere, from high latitudes, or locally produced NOx due to solar proton events
reduces considerably the stratospheric polar winter ozone which can, under certain circumstances,
outweigh the impact of heterogeneous chemistry. One of the major results of MIPAS-ENVISAT
with respect to polar ozone loss has been the retrieval of a global picture of PSC occurrence in the
Antarctic during the last polar winters and comparison with chemistry-climate model simulations.
Balloon-borne observations allowed further analysis of the composition of PSC particles, ground
based studies analyzed ozone loss in several winters.
At Forschungszentrum Jülich (FZJ) various research activities related to stratospheric
ozone are carried out with special emphasis on model simulations. FZ Jülich is using and developing the CLAMS model, and is closely cooperating with AWI, e.g, in the analysis of the MATCH
campaigns All these studies have significantly improved knowledge and understanding of chemi-

Fig. 5: Extra-polar total ozone anomalies modelled by DLRs E39C model from 1960 to 2050, and observed by various s atellite instruments since 1979. Note the chlorine related decline from 197 0 to
the mid 1990s, the beginning recovery, and t he expected super recovery after 2030 due to s tratospheric cooling and predicted transport changes (courtesy of M. Dameris, DLR Oberpfaffenhofen).
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cal ozone loss processes, especially in the Arctic.
The IUP at the university of Bremen is the PI institute for the SCIAMACHY instrument
aboard the ENVISAT satellite. Research is made in the field of ozone and ozone relevant trace gas
and aerosol retrievals, but also some modeling and analysis on time-scales ranging from ozone
episodes to decadal changes. Scientific support includes validation and for the GOME and SCIAMACHY projects, and the generation of consistent long-term data sets.
4.
4.1

DISSEMINATION OF RESULTS
Data reporting
Data are regularly submitted to the data centers at Toronto, Thessaloniki, NILU and
NDACC.
4.2

Information to the public
A noteworthy German contribution to WMO’s World Data Centers is the World Data Centre
for Remote Sensing of the Atmosphere (WDC-RSAT). WDC-RSAT is hosted by the Cluster for
Applied Remote Sensing at the German Aerospace Centre (DLR-CAF). WDC-RSAT offers scientists and the general public free access to a continuously growing collection of atmosphere-related
satellite-based data sets and services. WDC-RSAT provides support for many Projects, e.g. the
EU-funded MACC project, .See http://wdc.dlr.de/ for more information.
BfS and DWD provide the public with UV-information including daily forecasts of the UVindex and warnings. The daily UV-forecasts for clear sky and cloudy conditions are available for
free on a global scale: http://orias.dwd.de/promote/index.jsp
Since 1994 DWD regularly distributes the Ozonbulletin des Deutschen Wetterdienstes on
current ozone- and UV-issues: http://www.dwd.de/ozonbulletin.
4.3

Relevant scientific papers

Anton, M; Loyola, D; Lopez, et al.; Comparison of GOME-2/MetOp total ozone data with Brewer spectroradiometer data
over the Iberian Peninsula, Ann. Geophys., 27, 1377-1386, 2009.
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tropical upper troposphere and lower stratosphere, Atmos. Chem. Phys., 9, 9237-9247, 2009.
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5.

PROJECTS AND COLLABORATION
Germany is contributing to the preparation of the WMO ozone assessments. For the last
assessments, several lead and co-authors, and many contributing authors came from German
institutes.
German institutions also participate in a number of international and EU funded research
projects, special measurement campaigns and modeling studies, such as CAWSES, SCOUT-O3,
GEMS, MACC, SHIVA and RECONCILE. They play a major role in ESA and EUMETSAT projects.
FZ-Jülich is coordinating RECONCILE and has been carrying out several air-borne campaigns using the HALOX, FISH and CHRISTA-NF instruments. Jülich’s CLAMS – CTM is a key
infrastructure for interpreting the measurements, for understanding transport and mixing, the development of PSCs, and for understanding the chemical reactions resulting in ozone loss. Recent
key findings are:
 Questions about the photolysis of the ClO Dimer have been resolved. The previous “old”
understanding of polar ozone loss has been reconfirmed.
 Even without PSCs, background aerosol at cold temperatures can result in substantial
chlorine activation. This has important implications, also for the assessment of geoengineering schemes.
 Generation and growth of PSC particles must be significantly faster that previously assumed, if we want to explain NOy profiles observed at the end of polar winter.
 Uncertainties in transport and mixing in and around the polar vortex are much larger than
is often assumed. This is a key limitation for our ability to precisely determine ozone loss
rates in individual winters.
The Institut für Umweltphysik (IUP) at University of Heidelberg coordinates the EU framework 7 project SHIVA (Stratospheric ozone: Halogen Impacts in a Varying Atmosphere), which
aims to reduce uncertainties in present and future stratospheric halogen loading and ozone depletion resulting from climate feedbacks between emissions and transport of ozone depleting substances (ODS). In this context, low abundance and very short lived Bromine and Iodine species
play an important role. Some key results from IUP Heidelberg are:
 Observations of stratospheric bromine by IUP Heidelberg, in cooperation with the Belgian
Institute for Space Aeronomy (BISA) and the National Institute of Water& Atmospheric
Research (NIWA), show a positive BrO trend of about +2%/year before 2001, followed by
a decline by about -1%/year since 2001.
 Balloon-borne solar occultation spectra of IO and OIO in the tropical UT/LS obtained in
2005 and 2008 yield upper limits for the total gaseous inorganic iodine burden (Iy) of 0.17
to 0.35 ppt in the tropical upper troposphere (16.5 km to 13.5 km) and 0.09 to 0.16 ppt in
the tropical lower stratosphere (21.0 km to 16.5 km). These findings complement high and
mid-latitude observations indicating upper Iy limits of 0.1 ppt.
 These Bromine and Iodine data have provided valuable input to the recent 2010
WMO/UNEP Scientific Assessment of Ozone Depletion.
The Institut für Meereskunde (IFM-Geomar) at the University of Kiel contributes to several
national and EU projects, including TransBrom, SHIVA, HALOCAT, SOPRAN, SOLAS, CCMVal.
The Institute measures Bromine species in the Ocean and Marine Boundary layer along large
scale ship transects, and models the transport of short lived Bromine into the stratosphere. It also
models connections between the solar cycle, the Middle Atmosphere and the Ocean, on decadal
and climatic time-scales.
Since 2009, J. Orphal from IMK Karlsruhe has been Chair of the “Absorption Cross Sections of Ozone” International Committee at WMO (WMO/IO3C/IGACO-O3). He has been leading
an international initiative to review and recommend improved ozone absorption cross-sections. A
new standard has been established and is currently being implemented world-wide (Dobson,
Brewer, NDACC, UV-visible satellites …). This new standard will improve the consistence of all
atmospheric ozone measurements in the next decades. A final report will be published in 2011.
MIPAS data from IMK are a very important contribution to many ozone related studies, including monitoring of the ozone content of the polar vortices (compare Fig. 6). MIPAS data are
used, for example, in the following international activities:
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Fig. 6: Extr emely low levels of stratospheric ozone over the North Pole in March
2011, due t o very special dynamic conditions (stability of t he Artic vortex) in 2011 .
The data were obtained at IMK-KIT from
MIPAS measurements aboard ENVISAT.
Plot provided by T. von Clarmann, IMK
Karlsruhe.

 WMO-SPARC-CCMVAL: (Hegglin et al., 2010, http://www.agu.org/pubs/crossref/2010/
2010JD013884.shtml),
 HEPPA (http://www.acd.ucar.edu/Events/Meetings/HEPPA/),
 WMO-SPARC-SDI (http://edoc.gfz-potsdam.de/gfz/get/16495/0/
e495c0297f6f21e2717bca7757e5a63c/ 16495.pdf),
 the ESA Climate Change Initiative (http://www.esa-ozone-cci.org/),
 the SPARC/IO3C/WMO-IGACO-O3/UV Activity on Past changes in the Vertical Distribution
of Ozone (http://igaco-o3.fmi.fi/VDO/index.html),
 the SHARP Research Unit (http://www.geo.fu-berlin.de/v/sharp/en/outline/index.html)
6.

FUTURE PLANS

Generally, German ozone observations and research activities are expected to continue
along the indicated lines. Funding is expected to continue from national and European sources and
projects, however, with a generally decreasing trend.
FZJ/ICG-1and IMK together with European partners take the initiative for a new ESA satellite mission PREMIER (PRocess Exploration through Measurements of Infrared and millimeterwave Emitted Radiation) – to understand processes that link trace gases, radiation, chemistry and
climate in the atmosphere.
Future stratospheric ozone related research at IMK, FZJ, and other institutes will be focused on the coupling between changes in stratospheric circulation with ozone chemistry, links
between the mesosphere and stratospheric ozone chemistry, e.g. by NOx subsiding from the
thermosphere through the mesosphere into the stratospheric polar winter vortex, as well as exploitation of data from new and future instruments (GLORIA, PREMIER) for ozone chemistry.
German modeling activities will continue to focus on the expected evolution of ozone (recovery, super-recovery, tropical decline), but also on the important links with climate change (tropospheric warming, stratospheric cooling, changes in wave driving, possible acceleration of the
Brewer Dobson circulation).
Regarding UV, Array instruments (see WMO array document, dosimeters) for UVMonitoring are becoming more and more useful for UV-Studies in Germany. Especially the Vitamin
D question has an increasing new importance.
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•
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•

NEEDS AND RECOMMENDATIONS
Continuing high-quality measurements of total ozone and ozone profiles by satellites on the
global scale and by ground-based systems at selected stations have to be insured for the
next decades. Without such high-quality data it becomes impossible to follow the expected
recovery of the ozone layer from man-made halogens, and to understand the substantial
cooling of the stratosphere and warming of the troposphere that are expected over the next
decades from man-made climate change.
The complex coupling of ozone, atmospheric chemistry, transports and climate changes is
still not fully understood. Further research is needed to better understand the underlying
processes and to improve model predictions of the expected substantial changes in both
ozone and temperature distributions of the middle atmosphere.
In this context, there is a need for better and more consistent long-term temperature data in
the stratosphere.
Quality Assurance/Quality Control activities like calibration centres must be supported to
maintain the high quality standards of the ground stations. This is necessary for satellite
validation, for ozone monitoring, and for trend analyses.
Availability of space-borne infrared limb emission instruments after MIPAS (i.e. 2014) is essential for future ozone research.
In UV research, there is a need not only to concentrate on high UV levels, but also on too
low UV levels, e.g. in winter time or a consequence of ozone super-recovery.
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INDONESIA
INTRODUCTION
Atmospheric structure of Indonesia is expected very complicated because of it's dynamically
effect. Strong convection significantly influences the composition of the atmosphere. This
phenomenon is mainly driven by solar insolation.
Minor constituents that affect the atmospheric dynamics and thermal distributions are found
in abundance. Particularly Indonesian Maritime Continent is the region where trace gas
distributions in the troposphere is strongly influenced by deep convection, frequent lightning
and biomass burning. Quantitative studies of these processes have been very limited so far
in this region because of the lack of simultaneous measurements of key species.
OBSERVATIONAL ACTIVITIES
National Institute of Aeronautics and Space (LAPAN) works in collaboration with other
National Institutions: NASA, NOAA, NASDA and Japanese University perform ozone
measurements.
Surface ozone measurement
Surface Ozone measurement conducted at 4 Locations, Bandung, Watukosek, Biak and
Pontianak. The surface ozone monitor used in this observation is Dylec model 1006-AHJ
and model 1150, produced under a license of Dasibi Inc. The air containing the ozone is
pumped into sample cell where the measurement is done by using ultraviolet absorption
technique. The result is represented in units of ppbv with the resolution of 1 ppbv and
recorded on a strip chart or sent directly to PC that is operated as data logger. The cycle
time of measurement is about 12 seconds (Anonym, 1985). This instrument was operated
automatically 24 hours every day .
The measurements are conducted in Bandung (6.9 oS, 107.5 oE) West Java, 740 m asl,
representing polluted city. Biak (1o S,136 oE) Papua,
50 m asl, representing unpolluted
area. Pontianak (0.05 oN ,109.33 °E), West Kalimantan, representing unpolluted area that
sometimes influenced by pollution comes from biomass burning / forest fire. Watukosek
(7.5oS, 112.6oE), East Java, 50 m asl representing growing urban area
Column measurements of ozone and other gases/variables relevant to ozone loss
Brewer spectrophotometer MK-IV (#94) operated at Watukosek (1994-2000) data send to
NASDA. After 2000 Watukosek Brewer spectrophotometer not operated.
In 1996, LAPAN install Brewer spectrophotometer MK-IV (#116) in Bandung, operated until
1998. In 2006 re operated after calibrated assistance by MWO in September 2006.
Profile measurements of ozone and other gases/variables relevant to ozone loss
Balloon-borne measurements take place at Watukosek, East Java (7.5°S, 112.6°E, 51 m
a.s.l).
Ozonesondes Since 1998, the Watukosek ozonesonde station was officially accepted into
the Southern Hemisphere Additional OZonesondes (SHADOZ) network. Weekly
ozonesonde soundings have been conducted on a weekly basis, using ECC ozonesondes.
Ozonosondes launches are a collaboration between NASA/NOAA. Kyoto University and the
Hokkaido University, Japan
Vertical ozone measurement is conducted regularly at Watukosek by using balloon borne
equipment. The system is set up of an airborne system - ozonesonde payload type RSIIKC79D provided by Meisei Co., ground observation system tracking telemetry signal
automatically and data processing system (also data acquisition system) based on personal
computer. The important ozonesonde unit is made up of an ozone detector and the
dedicated electronics. Ozone data which is converted into audio signal is sent sequentially
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with meteorological signals information, i.e. temperature, pressure and references (Anonym,
1979). This payloads were carried aloft using meteorological hydrogen filled rubber balloon
(usually 3000 grams) and a protective parachute.
Ozone detector is based on Komhyr's carbon iodine ozone-sensor. The operating principle
is based on the reaction of ozone to a potassium iodide solution wherein free iodine is
liberated. The liberated iodine is measured quantitatively by a coulometrical method
(Kobayashi and Toyama, 1966). According to Kobayashi, error of the measurement is
estimated to be within + 2%.
Water Vapor Measurements
Since 2001, together with ozone soundings also water vapor soundings have been taken
place. Soundings have been conducted annually (usually in December or January) using
cryogenic chilled-mirror hygrometers that are flown in combination with ozonesondes. Water
vapor soundings are a collaboration between Kyoto University, Hokkaido University and
CIRES-University of Colorado/NASA/NOAA.
UV measurements
The UV measurements are performed by LAPAN, located at Bandung and Watukosek.
Broadband measurements
--Narrowband filter instruments
Bandung and Watukosek station is used to measure UV. The UV Sensor measures UV-B
irradiances of the UV spectrum (280 nm - 315 nm).
Spectroradiometers
--Calibration activities
Pre-launch calibration takes place in a regular basis. Vaisala is calibrated at
NOAA/CIRESUniversity of Colorado/NASA.
Brewer instrument was installed by LAPAN in Bandung (Brewer spectrophotometer MK-IV
#116). The instrument was installed in early 1995 and last visited in 2001, but had been out
of service for the past 4-5 years. The instrument was found to need a new power supply,
micro-board and UV filter in front of photomultiplier tube to get it back into service. This
calibration was completed in September 2006 at LAPAN site in Bandung, Indonesia by Ken
Lamb, (IOS) with support from the Vienna Convention Trust Fund through the World
Meteorological Organization (WMO).

RESULTS FROM OBSERVATIONS AND ANALYSIS

1996)

Fig.1. Typical profiles of ozone concentration observed at Watukosek ( Komala, N. et al,
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Fig.2. Mixing ratio of ozone at Watukosek at three layers (0.2-2km), (5-10 km) anf (12-16 km)
which shows peak at 1994,1997 and also shows peak at 2002.

Fig 3. The time series of tropospheric column ozone shows an interesting peak in 1994, 1997
and late 2002. The peak value is comparable to those of the 1994 and 1997 events.

Fig 4. Watukosek Brewer Spectrophotometer #92 data (red dot) compared with TOMS data.
Late 1994 and late 1997 show higher total ozone due to the longer dry season and forest fire
effect from Sumatra and Kalimantan.
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Fig 5. The red circle is total ozone by OMI, and black circle is direct-sun Brewer #116,
Simultaneous measurement between direct-sun Brewer #116 and OMI gives different value of
total ozone column over Bandung.

Fig 6. Comparison of total ozone between zenith-sky Brewer 116 and OMI data. The zenithsky total ozone is represented by orange circle, whereas OMI data is represented by brown
circle..

Fig 7. The trend of long term ozone in Indonesian region derived from SBUV, TOMS and OMI
AURA (7a) and annual variation of total ozone in Indonesia (7b).
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UV measurements
The UV measurements are performed by LAPAN, located at Bandung and Watukosek. The
UV Sensor measures UV-B irradiances of the UV spectrum in the wavelength of 280 nm ~
315 nm. The UV Index measurement also conducted in Bandung by using AWS (Automatic
Weather Station).

Figure 8, Daily UV energy at Watukosek and Bandung in 2007

In Indonesia, UV index levels are normally extreme, as shown in time series of UV Index
derived from OMI_AURA data in 2004-2010. Range of UV index in Indonesia usually in
between 8 to 15.

Figure 9, Time series of UV index in Indonesian region in the period of 2004-2010 derived from OMI
AURA data.

Fig 10. Comparison of the diurnal variation of UV index in Bandung on January and July 2008.
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UV index levels in Bandung on January (wet season) show higher compare to July (dry
season). Peak of UV index in January show 9 and in July only show 7.
THEORY, MODELLING, AND OTHER RESEARCH
The Ozone Standard Profile was constructed by using the long term observation data of the
ozonesonde launchings from Watukosek (surface ~ 20 km). This Watukosek standard profile
is used to validate Watukosek ozone profile based on MOZART (Model of Ozone And Related
Tracers) output.
There is on-going research on the relationship between ozone, UV radiation and climate with
the goal of improving modeling.
DISSEMINATION OF RESULTS
Data reporting
The ozone profile data collected in Watukosek is sent to Hokkaido University, Sapporo,
Japan. The data from Hokkaido University is then transferred to the SHADOZ (Southern
Hemispheric
Additional
OZonesondes)
archives
data:
http://croc.gsfc.nasa.gov/shadoz/java.html.
Bandung Brewer Spectrophotometer data is sent to WOUDC, Canada, ftp://ftp.tor.ec.gc.ca
Information to the public
Vertical ozone profile data is made available after every launch on the SHADOZ website for
the scientific community.
Relevant scientific papers
• Vömel, H., J. E. Barnes, R. N. Forno, M. Fujiwara, F. Hasebe, S. Iwasaki, R. Kivi, N.
Komala, E. Kyrö, T. Leblanc, B. Morel, S.-Y.Ogino, W. G. Read, S. C. Ryan, S.
Saraspriya, H. Selkirk, M. Shiotani, J. Valverde Canossa, and D. N. Whiteman (2007),
Validation of Aura Microwave Limb Sounder water vapor by balloon-borne
Cryogenic Frost point Hygrometer measurements, Journal of Geophysical Research,
112, D24S37, doi:10.1029/2007JD008698.
• Hasebe, F., M. Fujiwara, N. Nishi, M. Shiotani, H. Vömel, S. Oltmans, H. Takashima, S.
Saraspriya, N. Komala, and Y. Inai (2007), In situ observations of dehydrated air
parcels advected horizontally in the Tropical Tropopause Layer of the western
Pacific, Atmospheric Chemistry and Physics, 7, 803-813
• Fujiwara, M., Y. Tomikawa, K. Kita, Y. Kondo, N. Komala, S. Saraspriya, T. Manik, A.
Suripto, S. Kawakami, T. Ogawa, E. Kelana, B. Suhardi, S. W. B. Harijono, M. Kudsy, T.
Sribimawati, and M. D. Yamanaka (2003), Ozonesonde observations in the
Indonesian maritime continent: A case study on ozone rich layer in the equatorial
upper troposphere, Atmospheric Environment, 37, Issue 3, 353-362.
• Fujiwara, M., K. Kita, T. Ogawa, S. Kawakami, T. Sano, N. Komala, S. Saraspriya, and A.
Suripto (2000), Seasonal variation of tropospheric ozone in Indonesia revealed by
5-year ground-based observations , Journal of Geophysical Research, 105, No. D2,
1879-1888.
• Fujiwara, M., K. Kita, S. Kawakami, T. Ogawa, N. Komala, S. Saraspriya, and A. Suripto
(1999), Tropospheric ozone enhancements during the Indonesian forest fire events
in 1994 and in 1997 as revealed by ground-based observations, Geophysical
Research Letters, 26, No. 16, 2417-2420.
• Fujiwara, M., K. Kita, T. Ogawa, N. Komala, S. Saraspriya, A. Suripto, and T. Sano
(1998), Total ozone enhancement in September and October 1994 in Indonesia, in
Atmospheric Ozone, Vol. 1, (Proceedings of the XVIII Quadrennial Ozone Symposium,
L'Aquila, Italy, September 12-21, 1996), edited by R. D. Bojkov and G. Visconti, pp. 363366.
• Komala, N., S. Saraspriya, K. Kita, and T. Ogawa, Tropospheric ozone behavior
observed in Indonesia, Atmospheric Environment, 30, 1851-1856, 1996.
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PROJECTS AND COLLABORATION
The major international collaborations are with Hokkaido University, Kyoto University,
CIRES-University of Colorado-NOAA/NASA.
LAPAN has participated in projects:
• Southern Hemisphere ADditional OZonosondes, SHADOZ, financed by NASA,
from 01.01.1998 - not yet defined.
• Sounding of Ozone and Water vapor at Equatorial Region (SOWER), financed by
Hokkaido University, Kyoto University, CIRES-University of Colorado-NOAA/NASA,
from: 01.01.2004 – not yet defined, Through this project we launch regularly ozone and
water vapor sondes at Biak (campaign is conducted every January).
FUTURE PLANS
These following activities are planned for the future:
• Continue monitoring vertical ozone profiles under the SHADOZ program,
• Ozone Climatology,
• Continue Monitoring of the water vapor profiles in Biak under SOWER program,
• Continuing and improve the Surface ozone measurements,
• To improve dissemination of the data to the Indonesian community by establishing
LAPAN’s own web page.
NEEDS AND RECOMMENDATION
• We need financial support for travelling to attend the meetings, seminars and workshops
abroad.
• We recommend to start with an UV network in Indonesia (measurement of UV index).
Collaboration research concerning the impact of higher UV-B radiation and depletion of
the ozone layer in Indonesia are also needed as a consequence of the equatorial region
country.
• Assistance for calibration and maintenance of the instrumentations are needed since
they can not be done by Indonesia due to the lack of spare parts and expertise.

=========&&&&&&&&&=========

291

REPUBLIC OF IRAQ
MINISTRY OF NVIRONMENT
IRAQ –NOU
8 / OMR
IRAQ
REPORT

Expert
Tuama Al-helo
Iraqi NOU

MAY 2011

292

1

1- Introduction
Over the las t 3 decades , Iraq went th rough several regional and internation al
conflicts as well as political disputes that led to an unprecedentedly political,
social and economic situation faced by the country. This led to a situation where
Iraq couldn’t be able to cope with many international convention/protocols like
Montreal Protocol over the la st years. However the government of Iraq started
lately, few years ago and in light
of the positively developing stability
conditions, to consider join ing the international community its efforts to com bat
depletion of the ozone layer and phase-out of ozone depleting substances (ODS).
In 25th June 2008; Iraq deposited the accession document for joining the Vienna
Convention, the Montreal Protocol and its 4 Amendments where 3 m onths later
it became the 193 party to the Montreal Protocol.
Parties to the Montreal Protocol, at th eir 20th meeting, recognized the political,
economical, security difficulties being faced by Iraq and adopte d decision
XX/15 urging all parti es, secretariats, bilateral and im plementing agencies t o
assist Iraq to meet its challenging obligations toward the protocol.
The Executive Committee (ExCom) of the Multilateral Fund of the Montrea l
Protocol approved at its 54th and 55 th meetings approved pr eparatory funds to
assist Iraq in s tarting up its institutional setup of establishing a nationa l ozone
unit (NOU) and pre paring a country pr ogramme and national phase-out plan
(CP/NPP) addressing the phase out of ODS listed in annexes A & B as well as
start preparing an HCFC phase-out management plan (HPMP). UNEP (as LA)&
UNIDO (as CA) worked very closely with the governm ent of Iraq, over the
period of August 08-April 09 to com pile, review, propose and f inalize the
CP/NPP document in a way that capture all relevant consum ing sectors an d
country's phase-out requirements.
The CP/NPP of Ir aq address as a matt er of urge ncy the CFC , Halon & CTC
phase-out requirements as the m ost urgent forthcoming targets through s everal
policy, training and technical assistance as well as in vestment activities. Due to
the special situation of I raq, the r ecent joining t o the Montreal Pro tocol, the
absence of his torical institutional setup to deal with phase -out activities at the
national level and in light of XX/15 decision. The fund requested to the MLF by
the government of Iraq for the build up a s quick as possible its national
capacities, catch with the inte rnational phase-out targets and complete tasks
described in the NPP is US$ 10,375,698.00 (excluding agencies support costs).
The NPP project will offer a s trategic plan, for Iraq; to phase out ODS in bot h
industrial and servicing consuming sectors. The plan introduces com prehensive
financial and technical package to t he local industries using CFC-11 & CFC-12
in the manufacturing of foam and commercial refrigeration appliances in order
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to be able shifting com pletely to non-CFC options and to, as feasible, low GWP
alternative substances/technologies.
The plan will also allow Iraq to build its national regulatory framework in order
to control and monitor the trade of ODS, in line with the Montreal Amendment,
including the e stablishment of com prehensive legislation that handle import,
export and use of ODS in Iraq.
The project will provide technical support to the ref rigeration servicing s ector
through offering assistance in updating th e national technical and vocationa l
curricula, developing codes of practice, upgrade some training facilities with
relevant equipment and conduct certified training program on refrigeration good
practice and emissions reduction. Recovery & Recycling program is introduced
as well to ensure practicing the new good practice a cquired skills along with
supplementary training on retrofitting existing CFC-based refrigera tion & airconditioning systems particularly MAC units.
Thematic technical assistance components to manage local banks of Halon a nd
to phase-out th e use of CTC & CFC -113 in laboratories are other important
elements of the NPP of Iraq
2- Government Action Plan
The Government of Iraq is com mitted to undertake all necessary steps for
achieving the com plete phase out in the consum ption of ODS by 2010. The
scope of the country progra mme (CP) will a ddress the phase-out of all ODS as
per the contro l measures of the Montr eal Protocol. Management Plan ( HPMP)
which is c urrently under preparation. The government of Iraq will establish a
dedicated Ozone Unit to act a s the fo cal point for m onitoring and controlling
ODS consumption and managing phas e-out activities and projects; implement
additional policy m easures to control the manufacturing and im porting of an y
ODSs and ODS-based equipment; prohibit the establishment of new enterprises
consuming, producing and/or as sembling equipment and pr oducts using ODSs
and implement relevant projects including the National Phase-out Plan (NPP) of
Iraq.
3- Difficulties faced by Iraq as a new Party
Over the last 3 decad es, Iraq went through sev eral regional and
international conflicts as well as political disputes that l ed to an
unprecedentedly political, social a nd economic situation faced by the
country starting with the 8 yea rs conflict between Iran & Iraq followed
with the conflict with Kuwait (Gul f War 1991) and going through a 12
years of international com prehensive sanctions ended with the 2003
conflict. Those ci rcumstances offered a unique platform for Iraqis to
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manage their day-to-day life and securing basic supplies that is needed for
the continuation of basic social/economic activities in a country that 67% 1
of its population live in urban societies.
Therefore, parties to the M ontreal Protocol, at their 20th meeting in Doha
adopted a s upportive decision (XX/ 15) which notes w ith appreciation
Iraq’s joining the interna tional community in its efforts to pre serve the
ozone layer, which came into effect with the recent accession of Iraq as a
Party to the Vienna Convention, the Montreal Protocol and all it
s
amendments, recognizes also the diffic ulties faced by Iraq by joining the
Vienna Convention and t he Montreal Protocol and all its ame ndments
shortly before key phase-out dates,
recognizes, as well, the security
situation and the pol itical, economic and social dif ficulties faced by Ir aq
over the last two decades and understands Iraq’s commitments for phasing
out ozone-depleting substances under the Montreal Protocol and i ts
amendments within a limited time frame.
To request the Implementation Committee to report on the compliance
situation of Iraq to the Open-e
nded Working Group pre ceding the
Twenty-Third Meeting of the Parti es, during which the present deci sion
will be reconsidered , This decis ion introduces good basis for part ies,
secretariats and i mplementing agencies to p rovide a t imely and
sufficiently support to Iraq to en able the c ountry catching with t he
international efforts to phase-out ODS without negative economic and
social consequences on Iraq. CP/NPP proposal is considered to be a ver y
crucial for Iraq to m eet its oblig ations under the M ontreal Protocol
particularly 2010 obligations which entail a very difficult task for a party
joined MP in 2008
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4- Historical and Current consumption of ODS in Iraq (in MT)
Including data of base years and base-line years as well as country official population
Population
(in Thousands)

1986

2000

2006

2007

2008

2009

16110 17190 18419 20536 21124 22046 22702 23382 24086

28810

30353

31896

32500

292.3
356.4
342.5
1,117.1 1,320.2 1,244.6
0.0
0.0
0.027
7.9
15.9
16.6

67.10
413.66
0.00
18.10

CFC-11
CFC-12
CFC-113
CFC-115 (R502)

939.6
822.9

Halon 1211
Halon 1301
Halon 2402

8.0
14.0
9.0

CTC
TCA (MCF)
HCFC-22
MeBr

1989

1991

1995

1996

1997

1998

1999

Annex A- G I
631.2 631.2 631.2
913.0 867.7 868.4
0.03
0.02
0.03
4.6
4.6
4.6
Annex A- G II
3.3
2.0
1.8
5.6
4.8
6.2
0
4.0
0
Annex B- G II

4.61

20.0

2.2
3.8
2.0

2.0
2.3
0.0

2.7
3.1
0.0

0.00
0.00
0.00

18.4

20.3

19.6

5.474

5.482

4.2

0.98

0.2

0.2

0.2

0.1

0.2

0.2

0.05

Annex B- G III
0.2
Annex C- G I

1,735.8 1,989.5 1938.2 1780.67

830.8
21.0

9.0

Annex E
6.0
6.0

9.5
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8.0

8.0

14.0

9.7

8.3

5.3

5- ODS Consumption & Consuming Sectors in Iraq
The majority of ODS consumption in Iraq, as in o ther Article 5 countries, lies in
the refrigeration and ai r-conditioning sectors with considerable amount of CFC-11
still utilized in the f oam manufacturing sector. T he refrigeration/air-conditioning
servicing sector cons umes the m ajority of CFC-12 where ar ound 5% of CFC-12
consumption is used for the manufacturing of domestic and light comm ercial
refrigeration appliances (domestic refrigerators and water-coolers). No CFC uses
for Aerosol m anufacturing applications were f ound. The use HCFC particularly
HCFC-22 mostly falls in the servicing of ref rigeration and air-conditioning
applications. However some amounts are used for the manufacturing of HCFC-22
based air-conditioning appliances. Similarly, the survey couldn’t identify any use
of other HCFCs f or foam manufacturing a pplications. The HCFC s ector will be
resurveyed in depth during the preparation of the HPMP of Iraq . Iraq still imports
small amounts of Halon mainly to maintain existing old installations particularly in
the Oil sector. Solvents are mainly used for laboratory purposes while MeBr is
used with small amounts mostly for the date sector. Below table illustrate th e
sectoral consumption in Iraq:-
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Substance

Annex A,
Group I
CFC-11
CFC-12
CFC-113
CFC-114
CFC-115
Sub-Total
Annex A,
Group II
Halon 1211
Halon 1301
Halon 2402
Sub-Total
Annex B,
Group II
Carbon
tetrachloride
Sub-Total
Annex B,
Group III
Methyl
chloroform
Sub-Total
Annex C,
Group I
HCFC-22
Sub-Total
Annex E
Methyl
bromide
Sub-Total
TOTAL

Consuming Sector (in MT) – 2009
Methyl
Refrigeration
bromide
Fire
NonFoam Fighting MFG Servicing Solvent QPS QPS
56.00

56.00

32.66

32.66

TOTAL

11.10
380.99

67.10
413.65

18.10
410.19

0.00
18.10
498.85
0.00
0.00
0.00
0.00

35.16
35.16

56

0.98
0.98

0.98
0.98

0.05
0.05

0.05
0.05
1780.67
1780.67

1745.51
1745.51

0.00 67.82 2155.7

1.03

0.00

5.3
5.3
5.3
5.3
5.3 2285.85

** CTC consumption includes feedstock data; country will correct this figure through official communication
with the Ozone Secretariat. Actual consumption is the labor atories uses included in the Technical assistance
Project for Solvents

298

* The exact breakdown of HCFC consumption will be resurveyed and presented in depth during the preparation of
HPMP

6- Monitoring and Reporting Arrangements
Monitoring of consumpti on will be carried out through a licens ing system
which to be i ssued as descr ibed in the policy/legislation component,
obtaining data from
importers and crosschecked ag ainst Customs
import/export database.
The NOC/NOU is responsible for compiling and analysing information from
all sources and submitting the following:
• Annual reports on ODS cons umption to the Ozone S ecretariat, as per the
requirements of Article 7 of the Montreal Protocol;
• Annual reports on progress of im plementation of Country Prog ramme to
the Multilateral Fund Secretariat as per decision of the 10th meeting of the
Executive Committee of the Multilateral Fund;
• Project related reporting to respective Implementing Agencies.

1
2
3
4
5
6
7
8

7- SUB-PROJECT TITLES
Establishing and enforcement ODS legislation & curbing illegal
trade
Refrigeration Training & Certification
Technical Assistance to the Servicing Sector
Halon Management Programme in Iraq
Technical Assistance for the phase-out CTC, TCA & CFC-113
Solvents in the Laboratories Sector in Iraq
Umbrella Project for the phase-out of CFC-11 in the Foam
manufacturing sectors
Umbrella Project for the phase-out of CFC-12 in the comer cial
refrigeration manufacturing sector
Implementation, Management and Monitoring of the Project

8- RECOMMENDATIONS AND NEEDS :-
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UNEP
UNEP
UNIDO
UNIDO
UNIDO
UNIDO
UNIDO
UNEP

Because of Iraq's accession to the Vien na Convention and Montreal
Protocol in mid-2008 and the instability of political and security situation, didn't
give Iraq the opportunity to work researches in the field of atmospheric ozone.
So there are no:¾ Stations for meas uring the am ounts of B- UV radiation reach to the
ground
¾ Stations to monitor changing in the Ozone hole.
These require tec hnical and financia l assistance from the developed States
Parties in the Vienna Convention and Mont real Protocol to Iraq and he lp us to
develop the capabilities of Iraqi expert s and research ers for the purpo se of
conducting researches and studies in this filed.
That means Iraq needs the following:9 Scientific research on env ironmental impacts of increased UV due
to the ozone depletion in different parts of c ountry covering effects
of UV radiation on :(. Hum
an health. Terrestrial and aquatic
ecosystems. Biogeochemical cycle. Air quality and Materials)
9 Build a "data network
ing system" for Iraqi Meteorological
Organization as it is an impo rtant component and provide ozone/UV
monitoring system.
9 Atmospheric Modeling is another area of in terest that requires
professional training and advanced hardware and software facilities.
9 Build an atmospheric re search center and this requires advanced
equipments, and networking systems for rese arch programs on the
UV/Ozone analysis and impacts . And national UV Obs ervation and
Monitoring Network.
9 Organization of regional and national training workshops for officials
and experts for relevant UV /Ozone monitoring organizations and
public seminars on ozone/UV changes and its effects on terrestrial
life.
.
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JAPAN

1. OBSERVATIONAL ACTIVITIES
1.1

Column measurements of ozone and other gases/variables relevant to ozone loss

The Japan Meteorological Agency (JMA) carries out total column ozone and Umkehr
measurements at four sites in Japan (Sapporo, Tsukuba, Naha and Minamitorishima) and at
Syowa Station in Antarctica (Table 1). A Brewer spectrophotometer is used for measurements at
Minamitorishima, whereas Dobson spectrophotometers are used at the other observation sites.

Table 1. Locations of column ozone and Umkehr measurement sites operated by JMA

Observation site

Latitude

Longitude

Altitude (m)

WMO station
number

Sapporo

43° 04′ N

141° 20′ E

26

47412

Tsukuba

36° 03′ N

140° 08′ E

31

47646

Naha

26° 12′ N

127° 41′ E

28

47936

Minamitorishima

24° 17′ N

153° 59′ E

9

47991

Syowa

69° 00′ S

39° 35’ E

22

89532

Concentrations of ozone-depleting substances and other constituents are monitored by the Center
for Global Environmental Research (CGER) of the National Institute for Environmental Studies
(NIES) and by JMA. The monitoring sites are listed in Table 2. CGER/NIES monitors halocarbons
(CFCs, CCl4, CH3CCl3 and HCFCs), HFCs, surface ozone, CO2, CH4, CO, N2O, NOx, H2, O2/N2
ratio, and aerosols at remote sites (Hateruma and Ochiishi). JMA measures surface concentrations
of ozone-depleting substances (CFCs, CCl4 and CH3CCl3) and other constituents (surface ozone,
CO2, N2O, CH4 and CO) at Ryori, a Global Atmosphere Watch (GAW) Regional Station in northern
Japan. Monitoring of concentrations of surface ozone, CO2, CH4 and CO is also carried out at
Minamitorishima (a GAW Global Station) and Yonagunijima (a GAW Regional Station in the Ryukyu
Islands).
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The Japanese Ministry of the Environment (MOE) monitors concentrations of halocarbons (CFCs,
CCl4, CH3CCl3, halons, HCFCs and CH3Br) and HFCs at remote sites (around Wakkanai and
Nemuro) and at an urban site (Kawasaki).

Table 2. Locations of monitoring sites for ozone-depleting substances and other minor constituents

Monitoring site

Latitude

Longitude

Altitude (m)

Since

Organization

Ochiishi

43° 10′ N

145° 30′ E

45

Oct 1995

CGER/NIES

Hateruma

24° 03′ N

123° 49′ E

10

Oct 1993

CGER/NIES

Ryori

39° 02′ N

141° 49′ E

260

Jan 1976

JMA

Minamitorishima

24° 17′ N

153° 59′ E

8

Mar 1993

JMA

Yonagunijima

24° 28′ N

123° 01′ E

30

Jan 1997

JMA

Syowa

69° 00′ S

39° 35′ E

18

Jan 1997

JMA

JMA also monitors CFCs, CO2, N2O and CH4 concentrations in both the atmosphere and seawater
of the western Pacific onboard the research vessels Ryofu Maru and Keifu Maru.

1.2

Profile measurements of ozone and other gases/variables relevant to ozone loss
1.2.1

Ground-based and sonde measurements

Since October 1990, CGER/NIES has measured vertical profiles of stratospheric ozone over NIES
in Tsukuba with an ozone laser radar (ozone lidar). After comparison with JMA ozone sonde data
and Stratospheric Aerosol and Gas Experiment II (SAGE II) ozone profiles, the ozone lidar data
were accepted by the Network for the Detection of Atmospheric Composition Change (NDACC)
and registered in the NDACC database. CGER/NIES began measuring vertical profiles of ozone
with millimetre-wave radiometers in September 1995 at Tsukuba and in March 1999 at Rikubetsu.
JMA has been monitoring the vertical ozone distribution weekly by ozone sonde at three sites in
Japan and at Syowa Station in Antarctica. The ECC type ozone sonde succeeded the KC type in
October 2008 at Naha, in November 2009 at Sapporo and Tsukuba, and in March 2010 at Syowa.
The KC sonde was developed by JMA and has been used in Japan since the 1960s.
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1.2.2

Airborne measurements

In February 2011, JMA began taking monthly (approx.) airborne in situ measurements of CO2, CH4,
CO and N2O concentrations at an altitude of about 6 km along the flight path from Tokyo area to
Minamitorishima.

1.2.3

Satellite measurements

Ozone-layer depletion in high-latitude regions was monitored with the Improved Limb Atmospheric
Spectrometer (ILAS), a satellite-borne solar-occultation sensor, from August 1996 to June 1997.
ILAS-II (the successor to ILAS) was used to measure concentrations of minor constituents
associated with polar ozone depletion from April to October 2003. These data were processed and
analyzed at NIES. Version 6.1 ILAS data, which include O3, HNO3, NO2, N2O, CH4, H2O, ClONO2,
CFC-12 and aerosol extinction coefficients, were released in 2005. Version 2 ILAS-II data,
including O3, HNO3, N2O, CH4, H2O, ClONO2 and aerosol extinction coefficients, were released in
February 2008.
The Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) was developed for
deployment in the Japanese Experiment Module (JEM) on the International Space Station (ISS)
through the cooperation of the Japan Aerospace Exploration Agency (JAXA) and the Japanese
National Institute of Information and Communications Technology (NICT). SMILES was
successfully launched by an H-IIB rocket with the H-II Transfer Vehicle (HTV) on 11 September
2009 (all dates are JST). It was attached to the JEM on 25 September and began atmospheric
observations on 12 October. The mission objectives are (1) to demonstrate the viability in the outer
space environment of a 4-K mechanical cooler and superconducting mixers for submillimetre
limb-emission sounding in frequency bands 624.32–626.32 GHz and 649.12–650.32 GHz and (2)
to take global measurements of atmospheric concentrations of minor constituents (O3, HCl, ClO,
HO2, HOCl, BrO, O3 isotopes, HNO3, CH3CN, etc.) in the middle atmosphere to gain a better
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understanding of the factors and processes, including climate change, that control the amounts of
stratospheric ozone.
Unfortunately, SMILES observations have been suspended since 21 April 2010 owing to the failure
of a critical component in the submillimetre local oscillator. Until operations were suspended,
SMILES was recording global observations at about 100 locations per ISS orbit, except when other
ISS operations took precedence. Processing of SMILES data provides global and vertical
distributions of about 10 atmospheric minor constituents related to ozone chemistry, which
contribute to resolving a number of current issues in atmospheric science.

1.3

UV measurements
1.3.1

Broadband measurements

CGER/NIES has been monitoring surface UV-A and UV-B radiation using broadband radiometers
at four observation sites in Japan since 2000. CGER calculates the UV Index from the observed
data and makes it available hourly to the public via the Internet.

1.3.2

Spectroradiometers

JMA monitors surface UV-B radiation with Brewer spectrophotometers at Sapporo, Tsukuba and
Naha in Japan and at Syowa Station in Antarctica. Observations commenced in 1990 at Tsukuba
and in 1991 at the other sites.

1.4

Calibration activities

JMA has operated the Quality Assurance/Science Activity Centre (QA/SAC) and the Regional
Dobson Calibration Centre (RDCC) under the GAW programme of the World Meteorological
Organization (WMO) to contribute to improving the quality of ozone observations in WMO Regional
Associations II (Asia) and V (South-west Pacific). The Regional Standard Dobson instrument
(D116) is calibrated against the World Standard instrument (D083) every three years. The most

304

recent calibration was in 2010 at Mauna Loa, Hawaii, USA. Through the QA/SAC, a JMA expert
visited the ozone observatory in Manila in April 2010 to calibrate the Dobson spectrophotometer
there and provide training in measurement and maintenance of the instruments used there to
monitor the ozone layer. JMA supported installation of automated observation systems for Dobson
instruments at NOAA/ESRL, Boulder (May 2009), at Mauna Loa (June 2010), at the Bureau of
Meteorology, Melbourne, Australia (August 2010), and at the National Meteorological Service,
Buenos Aires, Argentina (November 2010).

2.

RESULTS FROM OBSERVATIONS AND ANALYSIS

Ozone mixing ratios measured with the millimetre-wave radiometer at Rikubetsu Station from
November 1999 to June 2002 agreed well with ozone sonde data from Sapporo and satellite data
from the Halogen Occultation Experiment (HALOE).
Trend analysis (eliminating solar activity and quasi-biennial oscillation (QBO) components) of
ozone concentrations recorded between 30 and 40 km altitude by laser radar at NIES, Tsukuba,
show a significant decreasing trend from 1988 to 1997 (−6.0 percent per decade), but no
significant trend after 1998.
Trend analyses for total ozone concentrations at three sites (Sapporo, Tsukuba and Naha),
eliminating solar activity and QBO, have shown an overall decrease of total ozone during the
1980s but, in spite of large year-to-year variations, either no significant change or slight increasing
trends since the mid-1990s. Vertical profiles from Umkehr and ozone sonde measurements show
reduced ozone levels at altitudes of about 20 and 40 km from 1979 to 2009 at Sapporo and
Tsukuba, but an increasing trend at altitudes of less than 15 km from 1998 to 2009 at Naha.
Significant increasing trends in erythemal UV measurements have been observed at three sites in
Japan (Tsukuba, Naha and Sapporo) since JMA started monitoring UV radiation in the early 1990s.
The increasing trend diminished in early 2000s at Tsukuba and Naha, but continues at Sapporo.
The increase of erythemal UV radiation since 1990 cannot be attributed to a reduction of ozone
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levels because they ceased to decline after the mid-1990s.

3.

THEORY, MODELLING AND OTHER RESEARCH

The Centre for Climate System Research (CCSR, now the Division of Climate System Research
within the Atmosphere and Ocean Research Institute), the University of Tokyo and NIES developed
a chemistry–climate model (CCSR/NIES CCM). JMA’s Meteorological Research Institute (MRI)
independently developed another chemistry–climate model (MRI-CCM). Both the CCSR/NIES and
the MRI groups participated in the second round of the Chemistry–Climate Model Validation Activity
(CCMVal-2) of the Stratospheric Processes and their Role in Climate (SPARC) programme, and
contribute to comparisons between and improvement of CCMs, leading to a better understanding
of the individual strengths of these models. The CCSR/NIES and MRI CCMs were used to simulate
the recent past and future evolution and global distribution of the stratospheric ozone layer by
using concentrations of greenhouse gases and ozone depletion substances as recommended by
CCMVal-2. The results of the simulations were published in the SPARC-CCMVal Report (2010).
Scientific papers based on the outcome of the simulations were published in a special issue of the
Journal of Geophysical Research, and will be published in the WMO Ozone Assessment Report
2010. The distribution of chemical species of the CCSR/NIES CCM was used as a priori data for
processing of SMILES data.
NIES is developing a new version of its CCM with T42 horizontal resolution, constructed on the
MIROC 3.2 AGCM, which was used for future projections of climate for the IPCC fourth
Assessment Report. This model has a new radiation code that greatly reduces the problem in the
previous model of cold bias in the tropical upper troposphere/lower stratosphere. The new CCM
incorporates more stratospheric water vapour than the previous version and better represents
observed data. The new CCM is also used as a three-dimensional chemical transport model (CTM)
in which temperature and wind velocity data are assimilated into the calculated fields in the model
using a nudging method. The model simulates the global distribution of chemical species observed
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by SMILES.
JMA’s MRI has developed both a CTM and CCM for study of stratospheric ozone. A prominent
feature of the MRI-CCM is that QBO, which plays a crucial role in inter-annual variations in the
stratosphere, is spontaneously reproduced for wind and ozone in the tropical stratosphere by a
T42L68 version that has about 300 km of horizontal resolution and 500 m of vertical resolution in
the stratosphere. The MRI-CCM has been used at JMA to simulate ozone distributions by
incorporating total ozone data from Total Ozone Mapping Spectrometers (TOMS) and Ozone
Monitoring Instruments (OMI) and has produced ozone forecasts for several days. The ozone
distributions calculated are used to monitor variations in total and stratospheric ozone, as well as
for a UV forecast service. MRI-CCM is also used for research on the effect of the ozone layer on
climate, as well as for predictions of the future state of the ozone layer.
The MRI-CCM has been further developed (MRI-CCM2) by incorporating tropospheric chemistry to
provide a seamless chemistry module from the Earth’s surface to the top of the model at about 80
km altitude. MRI-CCM2 is an important component of the MRI earth-system model, which includes
the ocean, atmosphere, cryosphere and biosphere.
ILAS and ILAS-II data have been used extensively to elucidate in detail the chemical and physical
processes related to ozone layer depletion in polar regions, such as polar stratospheric cloud
(PSC) formation, denitrification, chemical ozone loss rates and partitioning among chlorine
species.
The effects of enhanced UV-B radiation on terrestrial plants are being studied by NIES, which has
developed a novel method of detecting plant UV-B stresses by identifying mRNA expression
changes by cDNA macroarray analysis. This method illustrates shifts in gene expression in
response to stressors such as drought, salinity, UV-B, low temperature, high temperature, acid rain
and photochemical oxidants. Changes in gene expression patterns after UV-B stress accord well
with those after ozone exposure, suggesting that physiological responses to UV-B in plant cells
may include active oxygen species. UV-B directly damages macromolecules such as proteins and
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nucleic acids. DNA damage due to UV-B is thought to not only impede DNA replication and gene
expression but also lead to mutations. NIES identified that the repair system for UV damaged DNA
is controlled by UVB-driven transcriptional activation of the repair enzyme.

4.

DISSEMINATION OF RESULTS

4.1

Data reporting

NIES and the Solar-Terrestrial Environment Laboratory (STEL) of Nagoya University have
established stations at Tsukuba and Rikubetsu with NDACC instruments, including lidars,
millimetre-wave radiometers and FTIR spectrometers. Some of the activities of these organizations
have been incorporated into NDACC measurements in Japan. Reanalyzed NIES ozone lidar data
are registered in the NDACC database every year. Vertical profiles of ozone recorded by the
NIES/STEL lidar have been used to validate ENVISAT data such as SCIAMACHY, MIPAS and
GOMOS.
Observational data acquired at JMA’s stations are submitted monthly to the World Ozone and UV
Data Centre (WOUDC) in Toronto, Canada. Provisional total ozone data are also delivered daily on
the Character Form for the Representation and Exchange of Data (CREX) through the WMO
Global Telecommunication System (GTS), and used at the WMO Ozone Mapping Centre in
Thessaloniki, Greece, to map the total ozone distribution over the Northern Hemisphere. In the
Antarctic winter and spring seasons, total ozone and ozone sonde data acquired at Syowa Station
are submitted weekly to the WMO Secretariat for incorporation in Antarctic Ozone Bulletins.

4.2

Information to the public

An annual report on the state of the ozone layer, surface UV-B radiation and atmospheric
concentrations of ozone-depleting substances is published by the Japanese MOE.
Data summaries of JMA’s total ozone, ozone sonde and UV-B measurements are published
monthly on the Internet. An annual report that includes detailed trend analyses of ozone over
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Japan and the globe is also published for both government and public use. Since 2005, JMA has
been providing an Internet UV forecast service (in the form of an hourly UV-index map) based on
UV-B observations and ozone forecast modelling techniques. Analytical UV maps and
quasi-real-time UV observations are also posted hourly on the website.

4.3

Relevant scientific papers

The MOE supports research on global environmental changes (including ozone layer depletion)
through the GERF, and their results are published in their Annual Summary Reports.

5.

PROJECTS AND COLLABORATION

As a GERF-funded activity, a project named Studies on the Variability of Stratospheric Processes
and Uncertainties in the Future Projection of Stratospheric Ozone is being jointly undertaken by
NIES, CCSR, Hokkaido University and Miyagi University of Education. Some highlights of the
results of this project are as follows.
(1) Tropical lower stratospheric water vapour at 19–21 km altitude was high and increasing in the
1990s, low between 2000 and 2003, and then increased to the level of late 1990s in the
mid-2000s.
(2) Gravitational separation in the stratosphere has been identified for the first time from analyses
of O2 and N2 isotopes in individual air samples.
(3) A set of high-quality CO2 and SF6 observations from the middle stratosphere of the Northern
Hemisphere mid-latitudes suggest that the age of air in this region has been relatively constant
since 1975.
(4) Numerical experiments using the CCSR/NIES CCM showed that ozone recovery to the 1980
level was advanced by at least 10 years in response to future increases of GHGs, but the size of
the advance was dependent on latitude.
(5) Analyses of observation data and CCSR/NIES CCM outputs indicate that the ozone hole
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influences the timing of the Antarctic polar vortex breakup in austral spring.
JMA’s Aerological Observatory has developed an automated Dobson measuring system that
reduces the burden on the operator and improves data quality (described on the JMA web site at
http://gaw.kishou.go.jp/wcc/dobson/windobson.html). JMA has provided technical support to some
foreign organizations interested in introducing this automated Dobson system.

6.

FUTURE PLANS

JMA has commenced archiving historical raw ozone records (e.g., R-values and related calibration
information) from Dobson spectrophotometers at Sapporo, Tsukuba, Naha and Syowa. Archiving is
planned for completion by 2013, which will allow retrospective re-evaluation and reprocessing of
historical ozone records in view of changes such as those of ozone absorption cross sections.
Ongoing monitoring of levels of ozone, water vapour and other species near the tropical
tropopause will continue to improve our understanding of the role of the tropical transition layer in
chemistry–climate interactions. Precise measurements of the concentrations of trace gases in the
stratosphere will continue to provide key information on physical, chemical and dynamic processes
in the stratosphere. For example, precise monitoring of trace gases in the middle atmosphere
enables identification of variability in the mean age of air and evaluation of the ability of current
models to reproduce changes in dynamic atmospheric processes.
Development and improvement of CCM and CTM numerical models will continue, which will allow
better prediction of future changes to the ozone layer and improve our understanding of the
mechanisms of the chemistry–climate interaction. A regular CCM update based on the newest
global circulation model would be necessary for research of climate–chemistry interaction.

7.

NEEDS AND RECOMMENDATIONS

Processing and reporting to WOUDC of a long record of unprocessed Brewer Umkehr data from
Minamitorishima are needed. For Brewer instruments, a selection method for cloud-free “good”
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data from unattended observations is needed as are side-by-side comparisons with Dobson
instruments.
Systematic observations to evaluate the changing state of the ozone layer, including detection of
ozone layer recovery, should be continued in cooperation with international monitoring networks
such as NDACC and the WMO/GAW programme.
Integration of stratospheric and climate models is desirable to allow more precise prediction of
future changes in the ozone layer. The interactions between climate change and ozone layer
depletion and changes in the ozone layer in the post-CFC period due to emissions of CH4, H2 and
N2O need to be assessed. Studies on chemical and dynamic processes, including the formation of
PSCs and denitrification mechanisms, cross-tropopause transport and the ozone budget near the
tropopause region should also be continued. Re-evaluation of chemical reaction data, including
photochemical data for stratospheric modelling, is urgently required to resolve discrepancies
between observations and model calculations.
A systematic calibration program and well-coordinated monitoring network should be established to
detect variations and long-term trends in ground-level UV radiation.
Studies on the effects of increased UV radiation on human health, ecosystems, air quality and
biogeochemical cycles are strongly recommended, especially the effects of increased UV radiation
under rising temperature conditions.
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Kenya Report for Eighth Meeting of the Ozone Research Managers
(8ORM) of the Parties to the Vienna Convention, 2 to 4 May 2011,
Geneva, Switzerland
INTRODUCTION
The International Conference on Tropical Ozone and Atmospheric Change held in Penang,
Malaysia in February 1991 underscored the lack of atmospheric ozone measurements and
research in the equatorial region. Realizing the importance of developing countries in the
tropics to play a more important role in the global initiatives to achieve a better understanding
of the atmospheric changes and the effects on the environment linked to ozone changes, Kenya
has initiated its active involvement in the World Meteorological Organization (WMO) Global
Ozone Observing System (GO3OS) with the launching of its ozone monitoring programme in
1984. The ozone monitoring programme involves monitoring of ozone concentrations at the
surface, the vertical profile and total column ozone in the atmosphere.
OZONE MONITORING ACTIVITIES (CURRENT STATUS)
Kenya has three ozone monitoring stations with one dormant station namely:
‐Mount Kenya Global GAW station
‐Nairobi Regional GAW station
‐Chiromo urban air pollution monitoring station.
‐San Marco Equatorial Site (SMES) under SHADOZ project.
(A) Mount Kenya GAW station
The Global GAW station Mt. Kenya (MKN), management by Kenya Meteorological Department,
is located at high altitude (Altitude: 3678m a.s.l, Longitude: 37.297o East, Latitude: 0.062o
South,) in equatorial Africa. This location provides a unique opportunity to monitor background
air as well as to conduct research in a data‐sparse region of the world.
The stations is equipped with one ozone analyzer (TEI 49C). The instrument was initially
calibrated at WCC‐Empa. Consistent measurements of surface ozone started in May 2002 at
MKN, and time series are available since then. All comparisons were done according to
Standard Operating Procedures. Data is regularly checked for consistency with time series plots,
and submitted to QA/SAC Switzerland. QA/SAC continues to work with the station operators to
transfer the responsibility of data evaluation to Kenya meteorological department staff. Ozone
data have been submitted to the World Data Centre for Surface Ozone at JMA (WDCGG). The
submitted data sets currently span the period from June 2002 to May 2006.
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Mt.Kenya Ozone and Carbon Monoxide Time Series
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The station also monitors N2O (Flask sampling) and CH4 (Picarro G1301) which are both GHGs
and ODSs.
(B) Nairobi Regional GAW station
The Nairobi Regional GAW station is managed by Kenya Meteorological Department. It is
located close to the equator (Altitude: 1795m asl, Latitude: 1.30 S, Longitude: 36.75 E) in
Eastern Africa, and corresponds to a unique site location for the detection of ozone in tropical
region.
Nairobi ozonesonde observatory, that measures the vertical profile of ozone, has been in
operation since 1996. It uses a Lightweight, balloon‐borne instrument mated to a conventional
meteorological radiosonde. It has an electrochemical concentration cell (ECC) that senses
ozone as it reacts with a dilute solution of potassium iodide to produce a weak electrical
current proportional to the ozone concentration of the sampled air. During its ascent through
the atmosphere, the ozonesonde transmits ozone and standard meteorological quantities to
the ground receiving station. These measurements are performed ones per week and
submitted to Switzerland.
Nairobi regional GAW station also measures the total column of ozone using Dobson
spectrophotometer number 18 since 2005. However, these measurements started at the
University of Nairobi in 1984 until 2005 when the instrument was transferred to Kenya
Meteorological Department.
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Dobson measurements: 2007 Nairobi data
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(C) Chiromo urban air pollution monitoring station
The urban air pollution monitoring station was established at the University of Nairobi in 2009.
It measures surface one using TEI 49C instrument. The station was started by Kenya
Meteorological Department in realization of one of its core function of monitoring
environmental pollution and Greenhouse Gases for air quality assessment & climate change
detection and attribution over Kenya.
(D) San Marco Equatorial Site (SMES) in Malindi
San Marco equatorial site in Malindi, Kenya (3S, 40E) was incorporated in the SHADOZ Project
in 1999 through the sponsorship/partnership with the CRPSM (Centro Ricerche Progetto San
Marco) department at the University of Rome ‘La Sapienza’, along with local Kenyan support
staff who generally coordinates weekly sonde launches. Archive data is available from March
2001.
The station has an elevation just below sea‐level (‐6m) which is ideal for studying the
retrieval of lower tropospheric ozone. Nairobi, Kenya which is situated approximately 300 km
from Malindi (3S, 40E) has an elevation approximately 1.8 km above sea level and excludes the
lowermost part of the troposphere. The Malindi site therefore offers a good ozone comparison
with Nairobi profiles.
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FUTURE OZONE MONITORING PLAN
Kenya Meteorological Department plans to implement the National Flagship Programmes
under Kenya’s Vision 2030 which include establishment of climate monitoring stations for air
pollution monitoring and climate change detection. Indeed, one station has been established at
the University of Nairobi, Chiromo Campus that measures ozone and carbon monoxide. The
Meteorological Department plans to establish expand the station by purchasing new
instruments and establishing several more stations in the country that will monitor, among
other pollutants, ozone.
There is needs to secure the financial support to continue long‐term monitoring activities
(including calibration of instruments, necessary equipment for ozone soundings, UV
instruments and associated software upgrades) and data archiving and dissemination services.
OZONE EXISTING RESEARCH
Currently, we do not have any major ozone research activities in progress. However, several
researches on ozone are being conducted by University students at both under graduate and
post graduate level. Several researches based on ozone have been conducted in Kenya.
Since Mount Kenya GAW station is at high attitude, the site experiences thermally induced wind
systems that disturb free tropospheric conditions. A study to investigate the suitability of the
station showed that throughout the whole year the station is influenced by thermally induced
wind systems and the atmospheric boundary layer (Henne et al. 2008).
The filters distinguished between thermally and synoptically influenced days. Thermally
influenced days (86%) dominated. However, maxima in specific humidity were also reached in
the afternoon on synoptically influenced days and were attributed to mixing in the convective
boundary layer. During nighttime, downslope wind dominated that carries undisturbed free
tropospheric air masses. Nevertheless, during 24% of all nights the specific humidity was also
elevated, possibly indicating the presence of residual layers. It is recommended that nighttime
data only (2100–0400 UTC) be used for analysis of long‐term trends of the free tropospheric
background while the remaining data can be used to characterize composition and trends of
the regional atmospheric boundary layer.
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Wind distribution at Mount Kenya GAW station: Showing, all data, daytime (0800‐1500
UTC), nighttime (2000–0300 UTC), and transitional, or remaining, hours (1600–1900 and
0400–0700 UTC).
Representativeness and climatology of carbon monoxide and ozone at the global GAW station
Mt. Kenya in equatorial Africa showed diurnal and seasonal variation of ozone. Henne et al.
(2008) observed a frequent development of slope wind circulations at MKN and turbulent
vertical transport of boundary layer air towards MKN during daytime. These transport
processes manifest themselves in a pronounced diurnal cycle of CO mixing ratios. Shortly after
sunrise (04:00 UTC) CO starts to rise as a result of advection of more polluted ABL air and
reaches a maximum between 11:00 and 13:00 UTC. The average diurnal amplitude was 15 ppb.
This pattern recurs during all months of the year, with increased amplitude (25–30 ppb) during
July and September
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Diurnal cycle of ozone

O3 showed a weaker annual cycle with a minimum in November and a broad summer
maximum. Inter‐annual variations were explained with differences in southern African biomass
burning and transport towards MKN. Although biomass burning had little direct influence on
the measurements at MKN it introduces inter‐annual variability in the background
concentrations of the southern hemisphere that subsequently reaches Kenya.
A statistical analysis of ozone profiles over Nairobi split into 3 layers reveals strong yearly
variation in the free troposphere and the tropopause region, while ozone in the stratosphere
appears to be relatively constant throughout the year. Total ozone measurements by Dobson
instrument confirm maximum total ozone content during the short‐rains season and a
minimum in the warm‐dry season (Ayoma et al, 2002).
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Seasonally Averaged Ozone Profile Nairobi (Kenya)
35
30

Layer # 3

Altitude [Km]

25

Long Rains Season
Short Rains Season
Warm Dry Season
Cold Dry Season

20

Layer # 2

15
10

Layer # 1

5
0
0

20

40

60

80

100

120

140

160

Ozone [nb]

Mean “Seasonally averaged” ozone profile over Nairobi based on 8 years of ozone sounding, for
respectively long‐rains, short‐rains, warm‐dry and cold‐dry season.
As a first output of this analysis indicate that the relative ozone variability in the “stratosphere”
is weak, thus indicative of small changes in the ozone concentration in the stratosphere over
Nairobi during the last 8 years. On the contrary in the “free troposphere” and “tropopause”
regions we observation showed significant changes: up to 40% of peak to peak variation with a
well defined yearly cycle. This tropospheric ozone variability is higher than expected and may
partially be attributed to turbulent air motions (Ilyas, 1991).
OZONE PLANNED RESEARCH
Currently, we do not have any major ozone research project to determine the status of ozone
level in Kenya. This is occasioned by lack of adequate ozone observation stations. Consequently,
more stations that will monitor total column of ozone, ozone profile and UV need to be
established. This will lead to establishment of ozone mapping that will validate the satellite
measured global coverage.
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RECOMMENDATIONS OF 7ORM
(A) Research Needs
Implementation of 7ORM
There has been little implementation of the recommendations on research from 7ORM.
However, awareness to conduct research on ozone has been enhanced through seminars and
workshops. This has led to publication of a few international journals in conjunction with
twinning partners (EMPA).
Future Recommendations
Several factors inhibit research activities in Kenya. These include:
‐Budgetary constraints. The funds allocated for research is inadequate leading to few being
conducted. External sourcing of research fund would be welcomed.
‐There is little ozone data in the tropics especially in Equatorial Africa. Governments in this
region should be sensitized on the need to establish more ozone monitoring stations.
‐There are inadequate computing facilities especially for research that involve Global models.
Twinning with more advanced research centers should be encouraged.
(B) Systematic observation
Implementation of 7ORM
In filling data gaps in geographic coverage, the government has established an urban air
pollution monitoring station at the University of Nairobi that measures surface ozone. Last year,
Kenya commenced measurements of methane (CH4) at Mount Kenya GAW station which is
both GHGs and ODSs. CH4 is measured by a Picarro G1301 instrument.
Archived data reports of ozone sondes include the simultaneous water vapour profiles
measured by meteorological radiosondes and the data is available for ozone research and
monitoring from the relevant world data center.
Future Recommendations
There is poor spatial distribution of ozone monitoring station in Kenya, one at Mount Kenya and
two in Nairobi. Consideration of the redistribution of observation sites from areas highly
populated with stations to those areas that are poorly populated should be undertaken. This
would require both infrastructure and equipment support in order to establish new stations.
(C) Data Archiving
Implementation of 7ORM
The government provides funding for archiving raw data from ozone observational networks,
and also facilitates submission of the data to the WOUDC. It is understood that archiving raw
data does not replace the archiving of final data products.
The ozone data is archived in such a manner that they can be made easily accessible to
scientists and the general public within a reasonable period of time.
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Future Recommendations
Since, before being archived, ozone data must be quality assessed to ensure that it is of the
highest possible quality, the staff must be fully trained in data management and quality
assurance. This will ensure that data submitters continue to adhere to existing data submission
protocols, particularly information on standard operating procedures and calibration histories,
in order to maintain the overall quality and therefore the reputation of the entire archive. It is
acknowledged that obtaining data of this quality is costly and time‐consuming but is
nonetheless an essential task and so data providers should be adequately funded and
recognized for their efforts in providing this data to global archives for the furtherance of ozone
and UV science.
(D) Capacity Building
Implementation of 7ORM
The instruments used in ozone measurement require sophisticated calibration and
maintenance, much of which is unavailable in Kenya without international intervention. At
present, there are insufficient number of regional centres for research, calibration, and training
in developed and, especially, in developing countries. To fill this gap, Kenya has established a
regional and bilateral cooperation and collaboration (twinning) with Swiss Federal Laboratories
for Material Testing and Research (EMPA).
EMPA provide resources and opportunities for scientific and technical training, at and beyond
the instrument‐operation level, thereby allowing instrument operators and other scientific
personnel in Kenya to use their data, other available data, and models in both regional and
international research areas. EMPA conducts a biennial system and performance audit of
surface ozone and carbon monoxide at the global GAW station Mount Kenya.
The WMO‐GAW Training and Education Centre (GAWTEC) established in Germany has been
successful in providing training in measurements and instrument calibration to all our staff
involved in ozone measurements.
Future Recommendations
Resources should be provided to support more scientists from Kenya to attend conferences and
workshops. This will enhance their skills and gain the necessary experience in ozone related
research. Resources for the exchange and visits of personnel from monitoring stations in
developed and developing countries should be increased in order to ensure technology and
knowledge transfer and sustained measurement programmes. Extra establishment of regional
centres for research, calibration, and validation in developing countries should be encouraged.
Conclusion
Procurement of instruments, establishment of necessary infrastructure and securing
operational costs along with necessary human resource development are utmost necessary for
enhancing the existing ozone stations and establishment of the new ones. When this is realized,
it will contribute to the ongoing research to the various institutes on impact of both ozone and
UV radiation on human health and environment.
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KYRGYZSTAN
1. Introduction
For more th an 30 years the monitoring of ozone, solar UV radiation, tropospheric aerosol and
main greenhouse gases in central part of Eura sian continent has been made only at Issyk-Kul
station (42.6°N, 77°E, 1650 m a.s.l.) located on the shore of Issyk-Kul Lake in the mountains of
northern Tien-Shan. (Fig. 1)

Fig.1. Locations of Issyk-Kul GAW station at Northern Tien Shan

The station is located in the mountains of North ern Tien Shan, it has v ery favorable conditions
for investigations of the above-mentioned problems due to a high transpar
ency of an
atmosphere, a lot of s unny days in a year, and also because of absence of
sources of
anthropogenic pollution. It is unique in the central part of the Eurasian continent.
2. Monitoring
Investigations of atmospheric ozone in Kyrgyzstan had started at the Kyrgyz National University
in 1979. Different versions of spectral multiwave methods of measurement of the total content
of ozone (T O) and stratospheric n itrogen dioxide were developed. For realizatio n of these
methods the devices were made, and the scientific station Issyk-Kul was created.
For validation of ozone measurements in various years, a comparison of the measurements by
the ozonometer at the station with measurements by the national et alon device of Russia
(Dobson spectrophotometer #107) and with the dat a of measurements by the satellite device
TOMS was carried out.
Since January 2000, a monitoring of intensity of solar UV radiation at the Earth's surface in 5
bands of a solar spectr um in width of 2 n m being centralized on wa ve lengths 305; 312; 320;
340 and 380 nm was carried out b y the device MICROTOPS II. The d evice registers radiation
of a solar disk plus scattered radiation within a solid angle of 2.5 degrees.
The global erythemally weighted solar UV-B irradiance (UV-er) is regularly measured since May
2003 with Model 501 UV-Biometer (Solar Light Co).
The measurements of the surface ozone concentration at Issyk-Kul station starte d in August
2003 carried out with the help of the UV ozone analyzer TEI 49C. The fence of air is carried out
at height of 5 m above a surface of the ground.
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3. Research
Mean monthly total ozone (TO) values in the atmosphere over the central part of Eurasia f or
1980 - 2008 are given in Figure 2. These values are obtained by averaging me an measured
daily TO (curve 1) values. A determination error for mean monthly total ozone TO is less than 
0.5%. The same Figure 2 presents the smoothed total ozone values (curve 2) and linear tren d
(line 3).
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Fig. 2. Seasonal (1), annual (2) variation total ozone and linear trend (3) at Issyk-Kul GAW station.

The results of mean daily TO values obtaine d during gr ound-based measurements with th e
values of TO satellite measurements made by the TOMS installed on board of th e NIMBUS-7
comparison. For the whole period of comparison the data of both measurements correlated with
each other with the correlation coefficients r = 0.95. The value of r in separate years changes
from 0.92 to 0.98.
As it was shown the results of
long-term observations at Issyk-Kul station, th e 20 - 30%
amplitude of total ozone variations was relative to mean annual values of TO with oscillation s
from 60 DU (1987) to 1 10 DU (1980, 1986 and 1991). Maxima in TO seasonal variations are
observed in February-April and minima in August-November. Here during the whole observation
period the changes of maxima in March were 40% and changes of minima in October were only
6%. For Issyk-Kul mea n for the o bservation period annual TO seasonal variation, with the
account to a total ozone decrease in 1990 - 1998, is in good agreement with the mean seasonal
variation of total ozone during a year 1973 - 1990 averaged for Central Asia (42 N). During the
whole observation period at Issyk-Kul station m ean annual ozone content in the a tmosphere
decreased to about 10.5% (34 DU) with an average rate -(0.39  0.03)% in a year.
During the whole measurement period almost regular quasibiennial oscillations of smoothed TO
values with an a mplitude of 15 DU. were observed. In 1980 - 198 3 and 199 1 -1992 a
disturbance of these o scillations regularity took place. In 1980 - 19 83 and 199 1 – 1992 T O
decreases were maximal and the T O decrease rates were equal to -(2.10.1) and -(4.50.1)%
per a year, correspondingly. This is considere d to be connected with the El Chichon and
Pinatubo eruptions.
In different time intervals the real tr end of inter -annual ozone change may significantly differ
from the li near trend for all period of observations. After a short period (1993-1998) of
restoration of ozone layer with the mean rate 0.6% per year, further ozone layer depletion wit h
the rate -1.5% per year took place during the following period.
It is seen fr om Figure 2, that during some time periods along with usual seasonal t otal ozone
variations considerable "gaps" - negative anomalies of diffe rent duration (from several days to
several months) - were observed at the station. Their appearance and, consequently, a possible
increase of UV radiation fluxes deserve special attention. In their essence these anomalies are
regional, local "micro holes" in o zone layer similar and equal in size to the anomalies observed
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over Europe in 1980s.
The data of several ozonometric stations loca ted in the Eurasian centre have shown that during
the period of 1980 - 1995 the negative anomalies were observed at all stations. Almos
t
simultaneously the anomalies were observed in the first half of the 1990s at the Issyk-Kul, AlmaAta and Karaganda stations. The f irst two stat ions are distanced from e ach other b y ~70 km,
and the latter is almost 800 km awa y from them. In spring 1993 the ozone negative anomaly in
this region was probably about 100 0 km in length and southern boundary was reg istered in
Dushanbe.
A correlation of variations of mean monthly and mean annu ally total ozone (TO) co ntent over
the mountain regions of Central Asi a for two observation periods 2009 and 2010 at the station
‘Issyk-Kul " is given in Fig. 3. The horizontal lines indicate means for 12 months. As shown in
Figure 3, for 2009, the TO content is 0.309 atm-cm, while for the later of the second period
(2010) obtained a value equal to th e TO content -0.326 at m cm and ozone in the atmosphere
over Kyrgyzstan increased by approximately 3.3 % in 2010 compared with 2009. Fro m Fig. 3 is
seen that t he main characteristics of intra-an nual variations of TO content pre served - a
maximum of TO content occurs in spring, at least - in the a utumn, with preservation of phase
seasonal variation.
atm-cm

Year

Fig. 3. Intra-annual fluctuations mean (points) monthly TO content and linear trend. Mean total ozone in
the atmosphere above the station “Issyk-Kul " for 12-months (horizontal lines) in 2008 - 2010.

The variations of mean monthly intensities of the ozone surface in the Issyk Kul from Ma y 2003
to 2008 are given in Fig. 4
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The variations of mean monthly intensities of the ozone surface in Issyk Kul from 2009 to 2010
are given in Fig. 5.
From the figure 5 is seen, that in 20 10 compared to 2009 mean annual concentration of COS
increased from 39,1 ppb (in 2009) to 41.7 ppb (in 2010), i.e. to 6,4%.
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Fig.5. Intra-annual variation of mean monthly (points) and mean over 12 months (lines) of surface ozone
concentrations in the area of the station Issyk-Kul in 2008-2010.

The variations of mean monthly intensities of erythemally weighted solar UV-B irradiance (UVer) in ssyk Kul are given in Fig. 6.
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Fig. 6.Mean monthly total solar-weighted erythemal UV-radiation over the Issyk-Kul lake: model
calculation (blue line); measured values (red dots); trend (dashed line).

For the period of 1990 - 2003 value s of total intensity of erythematous weighed UV-B radiatio n
(295-315 nm) reaching the ground in area of Issyk-Kul lake are estimate using a th ree-layered
model. In this model the measurements’ results of ozone and aerosol optical depth in UV rang e
were used. For the period June, 2003 - February, 2004 the calculated values of total intensity of
UV-B radiation are compared to measurements results of UV-B radiation using the UV-Biometer
501.
The calculations have shown that at decreasing total ozone in the region of the Northern Tien
Shan since 1990 to 2003 at a rate of (0.23 0.05)%/yr the intensity of the global solar UV-er
irradiation increased with a rate of (0.38 0.07)%/yr.
When comparing the UV-er curre nt mean monthly values with average long-term values,
positive deviations of the UV-er were registered: (15-20)% i n Feb.1993, April 1997, Feb. 1999,
May 2000, Dec. 2000, Nov. 2001, January and March 2002. On some days in spring-summer
positive anomalies reached (40-65)%. The increments in UV-er mentioned were observed when
local ozone holes were located over the Northern Tien Shan.
The variations of mean monthly intensities of the direct solar UV radiation on the ground surface
at local noon in the Issyk-Kul from January 200 1 to December 2003 are given in Figure 7 for 4
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wavelengths: 305, 312, 320 and 340 nm. Dotted lines are trends. A growth of total ozone for the
past several years over the Northern Tien Shan with a rate of (2.5 0.14)%/yr is about 5 times
higher than the rate of total ozone growth (observed in 1993-1997) caused by a decrease of the
stratospheric aerosol burden induced by the Mt. Pinatubo eruption. This total ozone increase
was accompanied by a decrease of the UV radiation intensity for  = 305, 312, 320 and 340 nm
on the Earth's surface with rates of 7.8; 4.6; 3.3 and 1.4%/yr, accordingly.
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Fig. 7. Time series of the local noon direct solar UV radiation, from March 01 to December 03; dotted line
represents trends - change in the data with the seasonal cycle removed.

The measurements have shown that in 2001-2003 the ozone changes is in a steady correlation
with the int ensity of th e direct solar UV radiation (  = 30 5 nm) only. Thus an increase UV-er
irradiance over the Nort hern Tien Shan the last years occurred mainly due to the depletion of
the ozone layer.
Fig. 8. sho ws a seaso nal trend of variations of UV-B rad iation and a n increase of the mean
annually UV-B radiation in 2010 by 2,4% compared with 2009 in Issyk-Kul.
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Fig. 8. Intra-annual fluctuations in the local noon (points) the intensity of solar UV-B radiation in the area
of the Issyk-Kul Lake in 2008 and 2010.

Mean monthly values of water vapor total co ntent in the atmospheric column of the Eurasia
central part are given in Figure 9 for the period of 1980 – 2006.
cm
3.0
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Issyk-Kul GAW station.
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A total amplitude of seasonal variations of W from winter to summer at Issyk-Kul station has
changed within wide ranges from 1.53 gcm-2 in 1985 to 2.39 gcm-2 in 1988 (Figure 9). The
mean amplitude for the whole observation period was (1.910.23) gcm-2.
The mean monthly of t he stratospheric nitrogen dioxide (NO 2) slant column content from April
1983 to December 2010 is presente d on Figure 10. The NO2 seasonal variations have 35-45%
amplitudes.
Between 1983 and 2010, the total content of NO 2 vertical column (Y * 1015 mol/cm2, hereinafter
referred to as a convenience factor of 10 15, as a rule, falls) was measured during sunrise and
sunset: 5121 morning and 5076 evening observing sessions, each
of which consiste d of
approximately 170-200 individual measurements. The results are shown in Fig. 10.
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Fig. 10. A total of the nitrogen dioxide (NO2) in 1983-2010.

The results of measurements of CO2 and troposphere aerosol at Issyk-Kul station are presented
in Fig.11 and 12.
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4. Applications
The results of measurements of ozone obtaine d at Issyk-Kul station are transferred regularly to
the World Data Centers: in Ozone (Toronto, Canada #347-WOUDC), in Green
house Gases
(Tokyo, Japan ISK242N00-WDCGG), in aerosol (USA) and on NDSC network of station
s
(www.empa.ch/gaw/gawsis).
5. Publications
The basic results of investigations are being published in national and international journals and
proceedings:
1.
2.

3.

4.
5.
6.
7.
8.
9.

Toktomushev S. J., and V.K. Semenov, Ozone holes above Central Asia, Central Asian and
Himalayan Studies, v. 2, No 3-4, 111-121, 1993.
Semenov V. K., V.P. Sinyakov, S. J.Toctomushev, V.N. Arefyev, Ultra-violet radiation and a
transparency of an atmosphfere in a resort zone of mountain lake Issyk-Kul. The Second
international conference. Kislovodsk, on October, 8-14, Moscov, 67-69, (in Russian)
2000.
Semenov V.K., Sinyakov V.P.,Toktomushev S.J., Sola r ultra-violet radiation and an
environment of mountain region of th e Central Asia / Studying of mountains and a life in
mountains. Scientific reports of the International conference (on September, 8-9,
Bishkek, 2000), with 195-200, (in Russian), 2000.
Toktomushev S.J., Semenov V.K., Ozone hole and climate of the mountain region Central
Asia., Istanbul.– 213 p., (in Russian) 2001.
Semenov, V. K., A. Smirnov, V. N. Aref’ev, V. P. Sinyakov, L. I. Sorokina, and N. I. Ignatova,
Aerosol optical depth o ver the mo untainous region in central Asia (I ssyk Kul L ake,
Kyrgyzstan), Geophys. Res. Lett., 32, L05807, doi:10.1029/ 2004GL021746. 2005.
Ionov D.V., V.P. Sinyakov, V.K. Semenov, Validation of GOME (ERS-2) NO 2 vertical column
data with gr ound-based measurements at I ssyk Kul (Kyrgyzstan). Advances in S pace
Research, 37, 2254–2260, 2006.
Semenov V. K., Sinyakov V. P., Toktomushev S. J., Sorokina L. I., Ignatova N. I. Results of
Experimental Studies of the Parameters of the Earth's At mosphere in of the Issyk-Kul
GAW Station / Edited by V. K. Semenov. – Bishkek, 58 p. 2007.
Webb A. and M. Stevenm , Measurementsof Solar UV-B Radiation in the English Midlands
Arch, Met. Geoph. Biocl. Ser.
Ionov D.V., V.P. Sinyakov, Y. M. Timofeyev, V.K. Semenov, F. Goutail, J. P. Po mereau, E.
J. Bucsela, E. A. Celarier and M. Kroon, Ground-based validation of EOS-Aura OMI NO2
vertical column data in the midlatitu de mountain ranges of Tien-Shan (Kyrgyzstan) and
Alps (France), J. Geophys. Res., 113, D15S08, doi: 1029/2007JD008659, 2008.

6. Future plans
In according with recommendations of the seventh meeting of the Ozone Research Managers
(7 ORM), the priority at the above mentioned stations in Kyrgyzstan for the nearest future will be
given to investigations of interaction between ozone and climate, ozone layer and UV radiation,
stratospheric aerosol and climate.
7. Need of support
For solution of above mentioned tasks, improv ement and expansion of the base monitoring of
ozone and stratospheric aerosol i n the Central Asian re gion, Kyrgyzstan as a developing
country needs a financial support from international organizations.

328

REPOBLIKAN’I MADAGASIKARA
Fitiavana- Tanindrazana-Fandrosoana
------------MINISTERE DE L’ENVIRONNEMENT ET DES FORETS

Bureau National Ozone

B.P 571 -Ampandrianomby-ANTANANARIVO-101
E-mail: ozoneproject@moov.mg

-----------------------------------------------------------------------------------------------------------------

RAPPORT RESUME DE RECHERCHE
Le présent rapport résume et récapitule les grandes lignes des réalisations et perspectives au niveau de la
recherche sur la protection de la couche d’Ozone et de la mise en œuvre des activités contenues dans le
Programme de Pays (PP) à Madagascar.
Il décrit brièvement les étapes réalisées et montre les perspectives d’avenir afin de réduire et éliminer la
consommation des Substances qui Appauvrissent la couche d’Ozone et afin d’utiliser les nouvelles
technologies respectueuses de la couche d’Ozone ainsi que les substances alternatives aux SAO.
I- DESCRIPTION ET CONTEXTE
Le 11 janvier 1995 Madagascar a ratifié la Co nvention de Vienne pour la protection de la couche d’Ozone et le
Protocole de Montréal relatif à des Substances qui Appauvrissent la couche d’Ozone le 02 mai 1996.
Et le 23 Octobre 2001, il a ratifié les Amendements de Londres, de Copenhague, de Montréal et de Beijing.

Comme la plupart des pays de l’article 05, Madagascar étant pays importateur des substances réglementées
par le Protocole de Montréal, il ne produit ni de s ubstances ni d’équipements ou appareils contenant des
Substances Appauvrissant la couche d’Ozone (SAO) par le Protocole de Montréal.
Toutefois, Le pays respecte et adopte le programme d’action élaboré par les Nations Unies concernant la mise en
œuvre de ce Protocole dans tous les pays partis.

Madagascar figure parmi les six (6) rares pays africains sur 53 ayant présenté avec succès en 2010 leurs
Plans de Gestion et d’Elimination finale des Hydrochlorofluorocarbones (PGEH/HPMP).
II- CADRE ISTITUTIONNEL
La réglementation de l’utilisation des SAO à Madagascar est fondée s ur le système d’autorisation préalable
d’importation. Elle a fait l’objet d’un Décret gouvernemental publié et distribué gracieusement à toutes les parties
prenantes, et concerne à la fois les SAO et les matériels qui l es contiennent. La base légale de cet acte est
matérialisée par le Décret n° 2003-170 du 04 mars 2003 portant réglementation de l’importation et de l’utilisation
des Substances qui Appauvrissent la couche d’Ozone et les équipements en contenant.
Face à l a détérioration rapide de l’environnement tant au niveau national que in ternational d’une part, et
l’évolution incessante de la technologie qui a u n impact marquant sur l’économie mondiale d’autre part, ce
dispositif juridique a été inévitablement mis à j our. De ce fait, un amendement a été apporté au ni veau de
l’importation, utilisation et suivi des SAO et des équipements qui les contiennent avec l’ado ption du Décret
n°2007-327 du 24 A vril 2007 portant abrogation du décret n° 2003- 170 du 04 Mars 2003 sur la

réglementation de l’i mportation et de l’utilisation des Substances Appauvrissant la couche Ozone; et
réglementant l’importation, la vente, la revente et l’utilisation des fluides frigorigènes, des appareils ou
équipements frigorifiques et des halons.

III- APPROCHE ET PERSPECTIVES
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La première partie du Programme de Pays (de 1999 à 2010) a été réalisée par Madagascar avec succès à travers
les projets d’Appui Institutionnel (PAI), le Plan d e Gestion de Réfrigérants (PGF), le Plan de Gestion des
Réfrigérants Actualisé (PGR A) et le Plan de Gestion de l’Elimination Finale des CFCs (PGEF/TPMP).
Par ailleurs, les techniciens du froid de Madagascar son t actuellement capables de fabriquer des Machi nes de
récupération des SAO, suite à des activités de recherche effectuées après les formations de base dispensées par le
Bureau National Ozone de Madagascar.
Au niveau de l’application de la législation et de la réglementation nationales sur la protection de la couche
d’Ozone, des Gaz interdits qui ont frauduleusement entré dans le territoire national, ont été saisis, confisqués par
l’équipe du BNO en collaboration étroite avec l’équipe de la Brigade Mobile de S urveillance (BMS) de la
Direction Générale des Douanes (DGD) et stockés dans les centres prévus à cet effet..

Ce tableau récapitule l’évolution de la consommation en SAO de Madagascar de 1986 à 2009:
A G AnxGrpNam 19 19 19 19 19 19 19 19 19 19 19 19 20 20 20
nx rp
e
86 89 90 91 92 93 94 95 96 97 98 99 00 01 02
A I CFCs
49. 49.
19. 20. 10 23. 26. 12. 9.9 7.8
0 0
5 5 3.6 9 3 4
A II Halons
0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B I Other Fully
0.6
0.0 0.0 0.2 1.1 1.5 0.0 0.0 0.0
Halogenated
CFCs
B II Carbon
0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tetrachloride
B III Methyl
0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chloroform
C I HCFCs
1.1
0.0 0.0 7.7 0.0 0.0 1.1 0.6 0.6
C II HBFCs
C III Bromochloro
methane
E I Methyl
Bromide

20 20 20 20 20 20 20 Base
03 04 05 06 07 08 09 line
7.2 7.1 7.0 2.3 2.1 0.8 0.0 47.9
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0
0.9

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0

0.6 2.6 2.6 1.7 2.1 2.2 16.
5
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.3

0.8

1.3 3.0 3.0 3.1 1.2 0.7 0.8 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0

2.6

La deuxième partie de ce programme a été approuvée lors de la vingt sixième Réunion du Comité exécutif du
Fonds Multilatéral en 2 010 à M ontréal au Canada. Cette deuxième partie a p our objectif d’éliminer
progressivement les HCFCs qui comporte, entre autres, la mise en œuvre d’un Plan de Gestion d’Elimination des
Hydrochlorofluorocarbone (PGEH/HPMP).
Ce tableau montre l’évolution de la conso mmation en HCFCs de Madagascar de 2 009 à 2030 avec au s ans La
mise en œuvre du Protocole de Montréal relatif à des Substances Appauvrissant la couche d’Ozone:
PHASE 1 (2009 – 2020)

ANNEE

PREVISIONS SANS
PM
PREVISIONS AVEC
PM

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
299880

382400

383000

459600

551520

661820

761100

856230

958980

1069260

1186880

1305570

299880

382400

341140

341140

341140

307030

307030

221750

221750

221750

221750

221750

PHASE 2 (2021 – 2030)

ANNEE

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

PREVISIONS SANS
PM
PREVISIONS AVEC
PM

110870

110870

110870

110870

110870

8530
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8530

8530

8530

8530

Le PGEH prévoit la sensibilisation du public (sur le danger causé par les Substances qui Appauvrissent la couche
d’Ozone sur la santé humaine et sur l’environnement en général.), la vulgarisation de l’arsenal j uridique sur la
protection de la couche d’ozone, la formation des agents des douanes sur les produits SAO, la formation des
formateurs, la form ation des techni ciens frigoristes sur les bon nes pratiques en réfrigération, le projet
d’investissement sur la reconversio n des équipements et sur l’achat des équipements et o utils pour les bonnes
pratiques en réfrigération, le suivi et évaluation de la mise en œuvre des composantes du PGEH..
Actuellement, suivant la politique d’intégration de la dimension environnementale initiée par le Ministère de
l’Environnement et des Forêts pour l’ adoption de réflexe environnemental à t ous les niveaux et dans tous les
secteurs à Madagascar, le Module sur l’Ozone commence à être développé au niveau des Etudes Supérieures en
vue du développement durable sur le secteur technique et industriel du pays.
Par ailleurs, des études et recherches sont menées sur l’Ozone de la partie intérieure de l’atmosphère au niveau
des services de la Mét éorologie malgache, mais celles-ci restent essentiellement au n iveau de l’Ozo ne
troposphérique.
Comme tous les pay s du monde, à Madagascar, il existe des Centres de recherche en matière d’Environnement
qui regroupent différents chercheurs du pays à savoir:
•
•
•
•

Le Centre National de R echerche sur l’Environnement (CNRE) sous tutelle du Mini stère des
Recherches Scientifiques;
L’Institut Nationale des Sciences et Techniques Nucléaires (INSTN);
La Direction Générale de la Météorologie (DGM):
Le Bureau National Ozone : Des re cherches sur l’Ozone s’effectuent également au sein du Bureau
national Ozone avec le concours des Consultants et Experts nationaux.

IV- SUGGESTIONS

- Afin de promouvoir les recherches, chaque pays devrait intensifier un programme de recherche dans le
Programme de Pays.
- Le Secrétariat ex écutif de l’O zone devra élaborer un guide de recherche pour les p ays de l’article 5
afin de les canaliser sur la priorisation à faire au niveau des thèmes de recherche et mettre à nos
dispositions les résultats exploitables suivant l’évolution de la technologie face à la préservation de
l’Environnement en général et particulièrement sur la protection de la Couche d’Ozone.
- Favoriser les recherches sur l’Ozone ou projets de recherche sur la protection de la cou che d’ozone à
tout public à travers des concours au niveau mondial/régional et national.
- Mettre en place des Centres de Recherche sur l’Ozone au niveau régional notamment pour les pays de
l’article 05.
- Développer des outils, revues ou des documents sur les recherches et disséminer largement pour tous
les pays membres à travers les Bureaux Nationaux Ozone.
Ce document met en exergue le résumé de l’état des recherches et la mise en œuvre des activités liées à la
protection de la couche d’Ozone à Madagascar.
Rapport résumé élaboré par:

-Monsieur Claude RAKOTO;
Collaborateur au sein du Bureau National Ozone
Ministère de l’Environnement et des Forêts
Antananarivo - MADAGASCAR
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