KYRGYZSTAN
INTRODUCTION
During long time the Kyrgyzstan carries out investigations on ozone and concerned problems in
the Central Asian region in two directions:
•
•

A complex monitoring of ozone and main greenhouse gases at the Issyk Kul station located
on a coast of the high-mountain Issyk Kul Lake (42.6°N, 77°E, 1640 m a.s.l.) (Figure 1).
A monitoring solar UV radiation, and of tropospheric aerosol at the Issyk Kul station. The
station are located in the mountains of the Northern Tien Shan, have the very favorable
conditions for investigations of the above-mentioned problems due to a high transparency of
an atmosphere, a lot of sunny days in a year, and also because of absence of sources of
anthropogenic pollution. It’s unique in the central part of the Eurasian continent.

Investigations of ozone layer and tropospheric aerosol changes and their influence on regional
climate change are carried out at these stations.

Figure 1:

Locations of Issyk Kul station at Northern Tien Shan.

MONITORING
At present, a complex monitoring of total ozone and atmosphere parameters that may influence an
ozone layer state are carried out in Kyrgyzstan.
Investigations of atmospheric ozone in Kyrgyzstan were begun at the Kyrgyz National University in
1979 Different variants of spectral multiwave methods of measurement of the total content of
ozone and stratospheric nitrogen dioxide were developed. For realization of these methods the
devices were made, and the scientific station Issyk Kul was created.
The regular measurements of the total ozone content are carried out at the station since June
1979. During the next years the monitoring of a content of a stratospheric nitrogen dioxide (NO2),
an integrated content of carbon oxide (CO2), water vapor (H2O) in an atmosphere, and a spectral
transparency of an atmosphere in a visible spectrum range of a solar radiation with an estimation
of effective parameters of troposphere aerosol was organized at this station.
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For validation of ozone measurements in various years, a comparison of the measurements by the
ozonometer at the station with measurements by the national etalon device of Russia (Dobson
spectrophotometer #107) and with the data 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 spectrum in width of 2 nm being centralized on wave lengths 305; 312; 320; 340
and 380 nm was carried out by the device MICROTOPS II. The device registers radiation of a
solar disk plus scattered radiation within a solid angle of 2.5 degrees.
The global of erythemally weighted solar UV-B irradiance (UV-er) irradiance are regular measured
since May 2003 with Model 501 UV-Biometer (Solar Light Co).
The measurements of surface ozone concentration in Issyk-Kul station started 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.

RESEARCH
Mean monthly total ozone contents (X) in an atmosphere over the central part of Eurasia for period
of 1980-2007 are presented in Figure 2. A determination error for X is less than ±0.5%. The figure
also presents the smoothed total ozone content (thick curve) and the linear trend (straight line).
During the whole observation period the mean annual ozone content in an atmosphere decreased
to about 9.5% (32 DU) with an average rate -(0.36±0.01)% per year.
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Variation total ozone and linear trend at Issyk Kul station.

During the whole measurement period the almost regular quasibiennial oscillations of smoothed X
content with the amplitude of 15 DU were observed. The disturbance of these oscillations
regularity took place in the periods of 1980-1983 and 1991-1992.
In different time intervals the real trend of interannual ozone change may significantly differ from
the linear 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, a further ozone layer depletion with the rate -1.5%
per year took place during the following period.
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The parameters of daily (fast), interdiurnal, seasonal and long-term fluctuations of an ozone layer
and troposphere aerosol above the Northern Tien Shan were determined. It is established that a
probable reason of daily (fast) fluctuations are the internal gravitational waves generated by
instability of jet flows in troposphere. Interdiurnal changes are connected to displacement of air
mass, reorganization of vertical streams in jet flows, and to planetary waves.
It is seen from Figure 2 that during some time periods, along with usual seasonal total ozone
variations, considerable "gaps" - negative anomalies of different duration (from several days to
several months) - were observed at the station. In their essence these anomalies are regional,
local "microholes" in ozone layer similar and equal in size to the anomalies observed over Europe
in 1980s.
The variations of mean monthly intensities of the global of erythemally weighted solar UV-B
irradiance (UV-er) on the ground surface at local noon in the Issyk Kul from May 2001 to
December 2007 are given in Figure 3.
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The variations of mean monthly intensities of UV-er on the ground surface at
local noon.

The variations of mean monthly intensities of the ozone surface in the Issyk Kul from May 2001 to
December 2007 are given in Figure 4.
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The parameters of abnormal deviations of ozone and NO2 were determined (see Figure 5). These
anomalies appear in a phase or in an anti-phase depending on the shape and displacement of the
northern circumpolar vortex.
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Figure 5:

Monthly mean of sunrise and sunset NO2 slant column measurement at the Issyk Kul
Station.

Such measurement have been carried out in Central Asia first time.

APPLICATIONS
The results of measurements of ozone obtained at the station Issyk Kul are regularly transmitted
to the WMO World Ozone and UV radiation Data Centre (Canada) where it is registered by the
number 347 and WMO World Data Centre for Greenhouse Gases.

PUBLICATIONS
The basic results of investigations are being published in national and international journals and
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Studies, v. 2, No 3-4, 111-121, 1993.
Semyonov V.K., V.P. Sinyakov, F.V. Kashin, V. N. Aref'ev, K.N. Visheratin, N.Ye Kamenogradsky, 2000,
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p.635-636. 2000.
Semenov V. K., V.P. Sinyakov, S. J.Toctomushev, V.N. Arefyev, Ultra-violet radiation and a transparency of
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Kislovodsk, on October, 8-14, Moscov, 67-69, (in Russian) 2000.
Semenov V.K., Sinyakov V.P.,Toktomushev S.J., Solar ultra-violet radiation and an environment of mountain
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International conference (on September, 8-9, Bishkek, 2000), with 195-200, (in Russian), 2000.
Semyonov V. K. , V. P. Sinyakov, Ozone layer and solar Ultra-Violet radiation in the area of Issyk Kul lake.
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82-89, 2001.
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Studies of the Parameters of the Earth's Atmosphere in of the Issyk-Kul GAW Station / Edited by
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PLANNED RESEARCH ACTIVITIES
In account of the Decision VI/3. Recommendations of the fourth meeting of the Ozone Research
Managers, the priority at the above mentioned stations in Kyrgyzstan for the nearest future will be
given to investigations of interaction between ozone and climate, between stratospheric aerosol
and climate, and influence of sulfuric acid stratospheric aerosol on ozone.
To realize these tasks, it is necessary to carry out:

Control of ozone layer and solar UV radiation in a mountain region of the Northern Tien
Shan:
•
To continue monitoring of ozone, NO2, CO2, H2O, UV-er on the ground surface, and surface
ozone at the station Issyk Kul. To provide measurements of the ozone vertical profile using
the Umkehr technique.
•
To establish the devices for measurement of other greenhouse gases (CH4, N2O), tracer
gases (SO2, CO), total and scattered solar UV radiation at the Earth's surface.
Investigations
•
On the basis of the results of measurements of ozone, greenhouse gases and stratospheric
aerosol, to carry out investigations of influence of these gases on a climate in the Central
Asian region.
•
To develop a statistical model of ozone change over a mountain region of the Central Asia for
medium-term forecast of ozone layer state.
•
To investigate an influence of ozone layer depletion on intensity of solar UV radiation at the
Earth's surface in the region of the Issyk Kul Lake.
NEED OF SUPPORT
For solution of above mentioned tasks, improvement and expansion of the base monitoring of
ozone and stratospheric aerosol in the Central Asian region, Kyrgyzstan as a developing country
needs a financial support from international organizations.
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LITHUANIA
OBSERVATIONAL ACTIVITIES
Atmospheric ozone and UV monitoring is mainly conducted by the Lithuanian Hydrometeorological
Service under the Ministry of Environment (LHMS), which follows the standard programme of
observations of the World Meteorological Organization recommendable for hydrometeorological
services.
The LHMS carries out column ozone operational measurements and UV measurements at:
Overview of the ozone and UV monitoring locations in Lithuania.
Station

Location

UV-A

UV-B

Total ozone

Kaunas

54º53’N, 23º50’E

×

×

×

Palanga

55º97’N, 21º09’E
0

×

0

Preila

55 20’N, 21 00’E

Aukstaitija

55o26’N, 26o04’E

X
x

X

Column measurements of ozone and other gases/variables relevant to ozone loss
The state of ozone layer is monitored at the Kaunas meteorological station (WMO Index 312).
Total ozone measurements have been carried out with the M-124 filter ozonometer since 1
January 1993. The Kaunas station is located close to the centre of Lithuania. Routine
measurements of total ozone are made (up to a maximum of six times per day) by trained
personnel.
Profile measurements of ozone and other gases/variables relevant to ozone loss
LHMS does not have ozonezondes and ozone lidar to make measurements of ozone profile.
UV measurements
Ultraviolet solar radiation measurements have been carried out at Kaunas and Palanga (by the
Baltic Sea) since 2000. Mean and maximum daily radiation is monitored using the UVBiometers
type 501 A, version 3 (in Kaunas – UV-A radiation and UV-B radiation, in Palanga – UV-B
radiation). Continously ground-level UV radiation is measured at two background monitoring
stations: UVB radiation at Aukstaitija and Preila by SKU430 UV-B (280-315 nm), the global solar
radiation is monitoring by the Pyranometer sensor SKS1110 (500-1000 nm).
Calibration activities
The network instruments are calibrated against the National Standard at regular intervals, every
two years.
The M -124 filter ozonometer is calibrated every two years at the Remote Sensing Scientific
Research Centre of the Main Geophysical Observatory in St Petersburg, Russia. The last
calibration was carried out in 2006.
The UV-Biometers have been calibrated by the LHMS Metrological Laboratory in 2007.

RESULTS FROM OBSERVATIONS AND DATA ANALYSIS
In 2007, the total amount of atmospheric ozone fluctuated quite significantly. The minimum amount
of atmospheric ozone (about 202 DU) was observed in December, and the maximum (about 450
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DU) was measured in 16 February. Mean annual amount of the total ozone was 351 DU.
Comparing with 2006 measurements, the total amount of atmospheric ozone remained practically
the same.
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THEORY, MODELLING, AND OTHER RESEARCH
All observational data are stored and processed on a regular basis. Due to comparatively short
series of observations, they are considered insufficient for a comprehensive study.
The Lithuanian total ozone climatology, based on available data, was published in 2001 as a
completed study titled “Ozone In the World and In Lithuania”.
In 2003, the LHMS Meteorology Division carried out the ozone data analysis resulting in
establishment of the mean total ozone values for the period of 1993 – 2002 that have since been
used to assess the ozone layer depletion over Lithuania. It is also used in monitoring the ozone
column and assessment of its quantitative changes.
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Total ozone fluctuation 1993–2007 (N 312 station, Kaunas).

Ozone and UV research activities are carried on in the Vilnius Gediminas Technical University and
Institute of Physics. The relationship between UVB radiation intensity and the total and groundlevel ozone under low polluted Lithuanian rural conditions was studied and the influence of the
changeable UV radiation on the ground-level ozone concentration was investigated (Chadysiene et
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al., 2008).The continuous measurements of ground-level ozone are carried out at 4 backgrounds
Lithuanian stations.

DISSEMINATION OF RESULTS
Data reporting
The ozone measurement data are sent on a regular basis to the World Ozone and Ultraviolet Data
Centre (WOUDC) in Toronto, Canada. Since 2004, also the UVB measurement data from the
Kaunas station have been sent to WOUDC.
Information to the public
In case of significant ozone layer depletion, the LHMS originates warnings disseminated through
the mass media and over the Internet.
Since 2001, the LHMS Meteorology Division has been originating the UV index forecasts (UVI) for
annual periods of May – August. These forecasts are disseminated through the mass media and
Internet.
Since 2002, the total ozone values and their change as well as the ultraviolet solar radiation
intensity figures are published in the State of the Environment annual reports issued by the Ministry
of Environment of the Republic of Lithuania.

Relevant scientific papers
Chadysiene R., R. Girgzdiene and A. Girgzdys, Relationship of total ozone amount, UV radiation intensity,
and the ground-level ozone concentration at rural Lithuanian sites. Lithuanian Journal of Physics, 48,
1, 99-106, 2008.
Chadyšienė R., Girgždienė R., Girgždys A.,. Ultraviolet radiation and ground-level ozone variation in
Lithuania. J. of Environmental Engineering and Landscape Management, 13, 1, 31-36. ISSN 16486897,2005.

PROJECTS AND COLLABORATION
Establishment of the UV monitoring network in Lithuania was supported by the Italian – Lithuanian
Counterpart Fund. The Polish Institute of Meteorology and Water Management assisted LHMS in
application of the UV Index forecasting model.
At present no international and national projects on study of ozone are conducted.

FUTURE PLANS
•
•
•

Observations of the ozone layer and the UV radiation will be continued.
It is planned to purchase and install of equipment for monitoring regularly total ozone, ozone
vertical distribution, surface ozone.
To make a research on impact of UV-B on human health and eco-systems.

****
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MADAGASCAR
Dans Madagascar Action Plan (MAP) 2007-2012, la protection de l’environnement est contenue
dans l’engagement 7 qui se décline sous quatre défis majeurs dont le troisième défi se propose de
« développer le réflexe environnemental à tous les niveaux. Il s’agit d’une élaboration et d’une
mise en œuvre d’outils et instruments de gestion de l’environnement de normes mondiales, d’une
gestion des pollutions, d’une évaluation environnementale pour la protection des zones sensibles,
d’une internalisation de l’enjeu environnemental à tous les niveaux et d’une mise en œuvre de la
politique de l’éducation relative à l’environnement.
Dans ce défi 3, il appartient au Ministère de l’Environnement, des Eaux et Forets de Madagascar
d’assurer la mise en œuvre des Conventions et Accords internationaux relatifs à l’Environnement
ratifiés par Madagascar.
La Convention de Vienne sur la protection de la couche d’Ozone et le Protocole de Montréal relatif
à des Substances qui Appauvrissent la couche d’Ozone font partie de ces Conventions.

ETAT D’AVANCEMENT DE LA RATIFICATION
Après les avoir signés, Madagascar a ratifié la Convention de Vienne pour la protection de la
couche d’Ozone le 11 janvier 1995 et le Protocole de Montréal relatif à des Substances qui
Appauvrissent la couche d’Ozone le 02 mai 1996.
Il a ratifié les Amendements de Londres, de Copenhague, de Montréal et de Beijing le 23
Octobre 2001.

ETAT D’AVANCEMENT DU PROGRAMME DE PAYS
Un Programme de Pays a été approuvé pour le pays lors de la réunion du Comité exécutif en
1999et qui comporte, entre autres, un Projet d’Appui Institutionnel et un Plan de Gestion des
Réfrigérants (PGF) . Ceci prévoit la formation des agents des douanes sur les produits SAO, la
formation des formateurs, la formation des techniciens frigoristes sur les bonnes pratiques en
réfrigération, la mise en place des sites de récupération et de recyclage.
Ce Programme de Pays (PP) de Madagascar a été élaboré en 1999 et approuvé par suite par une
réunion du Com Ex. Ce programme reposait sur les données de 1998.
Dès lors, bon nombre de projets ont été mis en œuvre par Madagascar dans le cadre du Projet
d’Appui Institutionnel (PAI), du Plan de Gestion des Réfrigérants(PGR), du Plan de Gestion des
Réfrigérants Actualisé(PGR), du projet de formation et Information sur le Bromure de Méthyle .
Le Programme de Pays a montré que plus de 80% de la consommation des Substances qui
Appauvrissent la couche d’Ozone (SAO) correspond à l’utilisation de frigorigènes à base de CFC
dans les sous-secteurs de la réfrigération et des systèmes mobiles de climatisation. Bon nombre
d’activités ont été effectuées depuis lors en vue d’une réduction de 50% de la consommation de
CFC pour l’échéance 2005, de 85% en 2007, et de 100% en 2010.

ETAT D’AVANCEMENT DU RENFORCEMENT DES INSTITUTIONS
Description du Cadre légal et politique sur le contrôle des SAO à MADAGASCAR
A Madagascar, la structure responsable de la mise en œuvre de la Convention de Vienne et du
Protocole de Montréal est le Ministère de l’Environnement , des Eaux et Forets au sein duquel est
logé le Bureau National Ozone (B.N.O.) qui a été crée depuis l’année 2000. En tant que structure
étatique, le Ministère de l’Environnement, des Eaux et Forets, initie, exécute et coordonne toute
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réglementation ou législation relative à la protection de l’Environnement en vue du développement
durable. Le B.N.O. assisté d’une Equipe Nationale Ozone (ENO), composé de professionnels
(publics et privés) oeuvrant dans les différents secteurs qui utilisent les Substances qui
Appauvrissent la couche d’Ozone, assure la mise en œuvre de la réglementation sur les SAO. Les
principaux partenaires du B.N.O. sont La Direction Générale des Douanes, le Ministère en charge
du Commerce, les associations légales des frigoristes, les centres ou instituts de formation en
froid, l’Ecole Nationales Supérieures de Douane, les grands importateurs des SAO ou
équipements fonctionnant avec des SAO et les journalistes de l’audio visuel et de la presse. Deux
inspecteurs de Douanes ont été officiellement désignés par la Direction Générale des Douanes en
tant qu’interface du B.N.O. qui collabore avec le BNO.
Contrôle d’importation des SAO : Le contrôle des importations des SAO se fait essentiellement à
trois niveaux :
Au niveau du Ministère chargé du Commerce : -Délivrance d’autorisation spéciale.
Au niveau du Ministère de l’Environnement, des Eaux et Forets et du Tourisme à travers le Bureau
National Ozone (BNO) : -Avis technique sur la demande des importateurs compte tenu du quota
disponible.
Au niveau des Douanes : Contrôle des importations des SAO.

Description générale du secteur de la réfrigération
Madagascar est un pays importateur des substances réglementées par le Protocole de Montréal.
La Grande Ile ne produit ni de substances réglementées par le Protocole de Montréal ; ni
d’équipement ou appareil contenant ces substances. Le niveau de consommation totale de
CFCs était estimé en 1995 à 19,48 tonnes en PAO. En 2005, selon le résultat des enquêtes sur le
niveau de consommation du pays, la consommation totale de CFCs s’élève à 7 tonnes en PAO. Le
CFC 12 est le plus utilisé, principalement dans le secteur du froid pour les utilisations suivantes :
Réfrigération domestique
Réfrigération industrielle et commerciale
Camions frigorifiques
Climatisation automobile
Au cours de ces douze dernières années la consommation totale des CFC de Madagascar se
présente comme suit :
Tableau 1:
Consommation (t)

Evolution de la consommation des CFCs à Madagascar depuis 1995.
1995
19,48

1996
20,54

1997
103,64

1998
23,90

1999
26,28

2000
12,42

2001
9,86

2002
7,80

2003
7,160

2004
7,09

2005
7,00

2006
4

Base
47,9

*Essentiellement R12

Législation Nationale
•
La réglementation de l’utilisation des SAO à Madagascar est fondée sur 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 les contiennent. La base légale de cet acte est matérialisée par le Décret n° 2003170 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.
•
Ce dispositif a été adopté quelques années après la ratification par Madagascar de la
Convention de Vienne et du Protocole de Montréal, suivi de la mise en place du Bureau National
Ozone (BNO) en 2000. L’arsenal juridique qui le complète se présente ainsi qui suit :
La loi N° 90. 033 du 21 décembre 1990 et la loi N° 97.012 du 06 Juin 1997 portant Charte
de l’Environnement Malagasy et ses modificatifs. Le Code de l’Environnement à Madagascar est
actuellement en cours d’élaboration.
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Le Décret N°99. 954 du 15 décembre 1999 relatif à la Mise en Compatibilité des
Investissements avec l’Environnement (MECIE) et ses modificatifs.
Le code des Douanes par l’Ordonnance n°60-084 du 18 Août 1960 portant refonte et
codification de la législation et de la réglementation douanières.
L’objectif du BNO consiste dans la réduction des SAO utilisés à Madagascar (Annexes A et C du
Protocole de Montréal) selon les échéances prévues pour janvier 2005, 2007, 2010, 2016 et 2040.
Pour y parvenir, les missions principales suivantes sont assignées au Bureau :
•
•
•
•
•

l’évaluation de l’importation et la consommation des substances réglementées par le
Protocole;
l’élaboration d’un plan de gestion et d’élimination finale des SAO;
la communication des données au Secrétariat de la Convention et du Protocole sur la
production, l’importation et la consommation des SAO;
la formation, l’information et la sensibilisation des populations au Programme Ozone et aux
méfaits de la destruction de la couche d’ozone;
la création des sites de récupération et de recyclage des SAO, compte tenu de la superficie
très vaste du pays s’élevant à 592 000 km2.

LES DIFFERENTS SECTEURS DE REFRIGERATION
La Réfrigération Domestique
Les enquêtes menées sur le terrain lors de la préparation des TPMP au niveau des treize régions
de Madagascar donnent les résultats suivants :
Voir tableaux suivants.

La réfrigération dans les Secteurs industriels / commerciaux (Congélateurs)
Ce secteur englobe ceux qui utilisent des systèmes de réfrigération dans le domaine du stockage
des aliments, les poissonneries, les usines de conservation de la viande, les brasseries, les
hôpitaux, les hôtels, les restaurants, les supermarchés. A cela il faut y ajouter les camions
frigorifiques. L’emploi des CFCs pour le service de maintenance est plus utilisé par rapport aux
autres emplois.
PLAN D’ELIMINATION FINALE DES CFCs à Madagascar
Approche
Le comité Exécutif du Fonds Multilatéral aux fins d’application du Protocole de Montréal peut
financer pour Madagascar l’élimination de 3.6 tonnes de CFCs jusqu’en 2010. Les montants
proposés pour l’ élimination des 10% restant est de l’ordre de 340.000USD (Décision 45/15).Les
10% restant sont les plus dure à éliminer, car c’est les domaines des services et des réfrigérations
domestique et commerciale qui les utilisent.
Outre, le renforcement et l’amélioration du cadre juridique en vue de l’interdiction
d’ importation , de vente et d’ élimination des CFCs, l’objectif pour Madagascar c’est de former,
sensibiliser et équiper , au maximum le renforcement de l’ amélioration du cadre juridique possible
les parties prenantes à l’élimination des CFCs.

Pour parvenir à ces objectifs, le TPMP doit porter sur les projets suivants :
Formation en bonnes pratiques de réfrigération/reconversion/R600a :
• Acquisition des matériels de formation supplémentaires,
• Formation / recyclage des formateurs déjà formés et formation des formateurs enseignant
dans des centres de formation en froid dans lesquels le BNO n’a pas encore des
formateurs.
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•
•
•

Formation d’environ 500 techniciens frigoristes pratiquant le métier réparation
/maintenance.
Formation spécifique sur le R 600 a pour tous les frigoristes, étant donné que le R600a est
une alternative à promouvoir.
Acquisitions et dotation des bouteilles de récupération avec vanne de sécurité et des
petites caisses à outillage aux associations légales des frigoristes formés, pour le
renforcement de leur capacité matérielle.

Formation des douaniers et des transitaires
Malgré la sélection des agents des douanes parmi les grands ports d’entrée des marchandises
importées, le mouvement du personnel de la Direction Générale des douanes par l’ affectation ne
permet pas de fixer les douaniers formés au poste voulu pour le contrôle des SAO et des
appareils en contenant.
•
•
•
•

De ce fait, le projet doit comprendre les composantes ci-après.
Formation des agents des douanes ( inspecteurs, contrôleurs et préposés), des transitaires
et des agents de la Société Générale de Surveillance (SGS).
Intégration du module de formation ozone (technique de contrôle des SAO et appareils en
contenant) à l’ Ecole Nationale Supérieure des Douanes pour la formation en amont.
Acquisition et dotation d’environ 15 identificateurs SAO, pour le renforcement de capacité
matérielle des postes de douanes.

Conclusion
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.
****
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MOROCCO
INTRODUCTION
Casablanca is the biggest city in Morocco. It’s located at 7,7° West and 33,6° North. Its climate is
soft.
Casablanca is a city which has evolved very quickly, its automobile park represents almost 50% of
the national park and its industry represents 60% of the whole national industrial activity. The
number of inhabitants in Casablanca is now about 4 million. But each day, there are many cars
and trucks which enter Casablanca and many individuals who come to the city, from other small
cities, for their work. This situation, among others, has made Casablanca a polluted locality.
Obviously, this pollution can affect the measurement accuracy.
Casablanca is also a coastal city and breeze is a mechanism which attenuatea mechanism which
attenuates the pollution concentration in the city.
In Casablanca, the Ozone measurement began in 1969. Until now, three instruments have been
used for that purpose: Dobson (1969-1989); Brewer MKII (1989-1993); Brewer MKIII (2000-…).
Unfortunately, all over these periods, no calibration test has been done. However, during these last
three years two calibrations have been performed.

MEASUREMENTS
Dobson period (1969-1989);
With this instrument, measurements have been done during the zenith period, once per day. But,
during the week-ends and days off and days with an important cloud cover, measurements didn’t
have been done.
Brewer MKII period (1989-1993);
During this period, measurements have been performed during two hours (12-14 o'clock), because
the instrument is automatic. Probably measurements are more accurate at least if the instrument is
well calibrated. The measurements have been performed as above.
Brewer MKIII period (2001-…);
This period began in late 2000. The instrument measures the SO2 concentration and the UV
radiation also. The measurements are continuous and it’s an easy to use instrument. Obviously it
keeps the same limitations as its ancestor.
Missing data and data quality
The missing data reflect the instruments availability and, in the sense explained above, the
operating mode. These lacks are numerous in Casablanca during the winter season. There are
many months indeed where no data has been recorded. Data quality reflects the instrument
calibration. In this respect, some data are abnormally low or abnormally high. As examples, data
for February 1977 and October and November 1979 ozone layer thickness reached, respectively,
210, 221 and 230 DU, and during February 1973 it reached 425. Web distributed maps, show that,
during these periods, data are almost normal; thus, unless these data represent a local
phenomenon which had not been observed by satellite and other terrestrial observing systems, it
can be considered as, at least, suspect.
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Evolution of the monthly average of the Ozone layer thickness to the vertical of Casablanca,
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Brewer MKIII has been exposed to several breakdowns. Thus, we have little series during
interrupted periods. Data are available for February 2002, September 2007, and from January to
March 2008.

EVOLUTION OF THE ANNUAL OZONE LAYER TO THE VERTICAL OF CASABLANCA
The annual Ozone layer thickness to the vertical of Casablanca, has two characteristics; The first
is its general decay and the other is its bimodal shape. These two characteristics are made evident
by the two trends put in the figure below. The other things that one has to mention are the years
with missing data (1986-1988) and years with brewer instrument (1989-1983) which are separated
from the other with the blue vertical bar in the figure below.
Annual average of Ozone layer thickness in Casablanca.
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SEASONAL EVOLUTION OF OZONE LAYER TO THE VERTICAL OF CASABLANCA
In general, Spring is the season where ozone is at the highest level and autumn is the season
where it is at its lowest level. There is, however, some years where winter is the lowest level.
These years coincide with the years mentioned above as years with some suspect data in winter
months. The bimodal shape is visible also in these curves.
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ANNUAL RHYTHM OF THE MONTHLY EVOLUTION OF THE OZONE LAYER TO THE
VERTICAL OF CASABLANCA
The annual rhythm, month by month, shown in the figure below, shows that there is an increase in
the ozone layer between October and May and a decrease between May and September.
0,36
0,35
0,34
0,33
0,32
0,31

Dobson
Brewer MK II
Brewer MKIII
Average

0,3
0,29
0,28
0,27
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

UV RADIATIONS
The Brewer MK III measures also the UV radiations. The figure on the next page, presents the
monthly evolution of ozone and the UV radiation during the year 2001. The UV radiation's curve is
similar to direct radiation, i.e., it increases during the summer and decreases during the winter.
What is curious is the positive correlation between the ozone and the UV radiation.
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CONCLUSION
As a conclusion, there is a long period of record of ozone in Casablanca. These records have
some suspect data, but when monthly or annual averages are considered, the data show some
consistent shapes with other localities. The decrease observed is also consistent with decreases
observed elsewhere.
In the research center there is many trial-studies to evaluate the impact of weather parameters on
health, but we never tried to use ozone layer thickness as a predictor because records aren't
continuous or don't coincide with clinical data.

OTHER ACTIVITIES RELATED TO OZONE
Each year, since the creation of the annual anniversary of the ozone layer, the Moroccan
meteorological Service participate to the radio programs in order to promote the public awareness
of the environmental effects of the emissions of controlled substances and other substances that
deplete the ozone layer.
Other activities related to the industrial sector will be also presented.

****
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MYANMAR
COUNTRY PROFILE: STATUS OF CLIMATE CHANGE AND ENVIRONMENTAL ACTIVITIES
The climate of Myanmar is strongly influenced by the tropical monsoon system. It has a southwest
monsoon(wet) season and a northeast monsoon (dry) season. Compared with other neighbouring
countries, Myanmar enjoys a benign climate. Traditionally, droughts and floods are rare, and the
incidence of natural hazards like cyclones and earthquakes are minimal.
Although Myanmar has not encountered serious environmental problems yet, the consequences of
climate change have become noticeable recently. Records compiled by the Department of
Meteorology and Hydrology indicate that the rainfalls in the 1980s are at a record low for the past
100 years. There are also fewer depressions in the Bay of Bengal than in recent history. The
average temperature is 0.7 degrees Celsius higher than the average recorded temperature over
the last two decades in most towns and cities of Myanmar. Just recently, in 2006 and 2007, there
were more than two storms hit the coast of Myanmar in each year. In 2006, there were five
incidents of tornados in the country, and in 2007 the total incidents were more than ten compared
to the long-term average of one in fifteen years. Incidents of thunderclouds formation had
increased by more than 60% in 2006 and 2007. More than one hundred people died due to hit by
thunderstrikes.
Due to low population pressure and relatively low level industrialization, the state of the
environment in Myanmar is comparatively better than many of its neighbours. However, there is a
need to develop a national program of environmental management to prevent environmental
deterioration ad pollution. Although, modern guidelines for the preservation of environmental
quality are being introduced in the country, a coordinated and integrated system is needed for
managing the environment.
The Government of Myanmar established I n 1990 the National Commission for Environmental
Affairs (NCEA) as a policy body for environmental protection. NCEA has developed the Myanmar
National Environment Policy, which was promulgated in December 1994. The National
Environment Policy provides general guidelines for management of the environment in Myanmar.
Policies have also been established in various sectors of the economy that relate to the
management and conservation of the environment. An example is that Myanmar Forest Policy
(1995).
Myanmar does not yet have a national environmental law. NCEA is presently engaged in the
formulation of this legislation. Sectoral rules and regulations relating to environmental protection
are currently formulated by the ministries and departments concerned. This sectoral management
approach means that sectoral environmental issues are managed by the ministries concerned. For
example, the Ministry of Forestry addresses the issue of deforestation, while soil degradation is
handled by the Ministry of Agriculture and Irrigation.
The latest initiative taken by Myanmar is the formulation of Myanmar Agenda 21. Myanmar agenda
21 seeks to strengthen and to promote systematic environmental management in the country.
Specifically, the Agenda 21 calls for the integration of environmental communities, the private
sector, and the Government in environmental considerations of economic development. In other
words, Myanmar Agenda 21 serves as an important guideline for the protection of the environment
and the sustainable development of the country.
Myanmar is now a party to several international and regional conventions and agreements relating
to the environment, namely
(i)
Vienna Convention for the Protection of the Ozone Layer, 1985.
(ii)
Montreal Protocol on Substances that Deplete the Ozone Layer, 1987.
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(iii)
(iv)
(v)

London Amendment to the Montreal Protocol on Substances that Deplete the Ozone
Layer, 1990.
United Nations Framework Convention on Climate Change, 1992.
United Nations Convention to Combat Desertification in those Countries Experiencing
Serious Droughts and/or Desertification, Particularly in Africa, Paris 1994.

The Government of Myanmar signed the United Nations Framework Convention on Climate
Change UNFCCC) on 11 June 1992 and ratified the convention on 25 November 1994.
Myanmar commitments to the UNFCCC include the following tasks.
(i)
Developing national inventories on sources and sinks of all greenhouse gases (GHGs);
(ii)
Formulating, implementing, and publishing national and regional programs to mitigate
climate change.
(iii)
Promoting and cooperating the development, application, and transfer of technologies,
practices, and processes that control, reduce, or prevent GHGs emission.
(iv)
Promoting sustainable forest management practices by conserving and enhancing sinks
and reservoirs of GHGs.
(v)
Cooperating in the development of adaptation programs for potential impacts of climate
change.
(vi)
Taking climate change considerations into account in relevant social, economic, and
environmental policies.
(vii)
Promoting and cooperating in research and data development to help understand and
reduce the potential impacts of climate change.
(viii)
Promoting and cooperating in the exchange of technical, scientific, socioeconomic, and
legal information related to the climate system and climate change.
(ix)
Promoting and cooperating in education, training, and public awareness campaign related
to climate change.
(x)
Communicating to the Conference of the Parties information related to implementation of
the Convention's commitments.

1990 National Inventory of GHGs Sources and Sinks
Myanmar has established the following regulations and programs to support the national climate
change objectives.
(i)
Nationwide Tree Planting Programme
At present the Myanmar Government is implementing a program of vegetating the arid zones in the
13 districts of the central part of Myanmar. Since 1977/78, a nationwide tree planting program has
been conducted with the participation of local communities, and non-governmental and
governmental organizations.
(ii)
Afforestration Programme
The deforestation rate of Myanmar in 14 years (1975-1989) was 218,800 hectares per annum. The
Forestry Department is now promoting forestry plantation to enrich and reforest these denuded
areas. A total of 294,200 ha had been planted from 1963 to 1995, and the current annual planting
target is approximately 33,000 ha.
Under the ALGAS Project, Myanmar conducted the first inventory of greenhouse gases emissions.
The 1990" base year" inventory of GHGs is already identified.
The following are the key findings of the emissions inventory.
(i)
(ii)
(iii)

The agriculture sector is the dominant source sector. Methane emissions from enteric
fermentation and rice cultivation account for 94 percent of the national CO2 – equivalent
emissions.
The forestry sector is a net carbon sink (-9,402 Gg of CO2 )
The energy sector contributions to national GHGs emissions are marginal.

216

2.

MYANMAR NATIONAL GHGS INVENTORY FOR 1990, GG
Source and Sink

CO2 Emissions

Total Net National Emissions

67078.25

All Energy (Fuel
Combustion+Fugitive)
Fuel Combustion
Energy and Transformation Industries
Industry
Transport
Commercial Institutional
Residential
Traditional Biomass Burned for Energy
Others
Fugitive Fuel Emissions
Oil and Natural Gas Systems
Coal Mining
Industrial Processes
Cement Production
Others
Agriculture
Enteric Fermentation
Manure Management
Rice Cultivation
Agriculture Soils
Prescribed Burning of Savannas
Field Burning of Agriculture Residues
Others
Land-use Change and Forestry
Changes in Forest & Other Woody
Biomass Stocks
Forest and Grassland Conversion
Abandonment of Managed Lands
On Site Burning of Forest
Waste
Solid Waste Disposal on Land
Waste water Treatment
Others
Bunker Fuel Emissions

3311.81

CO2
Removal
72988

Net CO2

CH4

N2O

-5909.75

2484.111

8.3665

3311.81

119.786

0.8349

111.546
0.036

0.8349
0.005

0.16
0.022

0.008
0.0008

111.31
0.018
6.24
7.80
0.44

0.82
0.0011

1767.73
396.22
43.58
1327
NE
0.88
0.05

6.7116

6.7
0.01
0.0016

118.67

0.82

118.67
127.92
123.72
3.25
0.955

0.82

3311.81
1414.32
528.31
1005.02
234.16
130.00

180.44
180.44
-

180.44
-

63,586

72,988
46,698

-9,402

63,586
26,290
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Source and Sink
Total (Net) National Emissions
All Energy (Fuel Combustion + Fugitive)
Fuel Combustion
Energy and Transformation Industries
Industry
Transport
Commercial Institutional
Residential
Traditional Biomass Burned for Energy
Others
Fugitive Fuel Emissions
Oil and Natural Gas System
Coal mining
Industrial Processes
Cement Production
Others
Agriculture
Enteric Fermentation
Manure Management
Rice Cultivation
Agriculture Soils
Prescribed Burning of Savannas
Field Burning of Agriculture Residues
Others
Land-use Change and Forestry
Changes in Forest & Other Woody Biomass Stocks
Forest and Grassland Conversion
Abandonment of Managed Lands
On Site Burning of Forest
Waste
Solid Waste Disposal on Land
Waste water Treatment
Others
Bunker Fuel Emissions

NOx

CO

CO2 Equivalent

71.4578
71.01

1119.6782
1095.49

41500.20
6086.14

71.01

1095.49

5913.10

3.80

0.45

9.87
0.22

54.84
0.14

1416.83
528.31
1010.86
234.87

56.94

1040.02

2591.71

0.18

0.04

130.72
173.04
163.80
9.24
180.44
180.44

0.4478

24.1882

39,202.922
8320.62

NE
0.39

NE
23.17

915.18
27,867
2077
21.58

0.0578

1.0182

1.54

Percent of
Total CO2
Equivalent
100
14.67

0.43

94.47

-6,655.73

-16.04

2,686.43
2598.12
68.25
20.06

6.47

BASELINE PROJECTIONS OF NATIONAL GHGS INVENTORIES TO 2020
Projections of national GHGs emissions to year 2020 indicate that the emissions will continue to
increase. The agriculture sector will continue to be the predominant source of GHGs, and the
forestry sector will remain a net sink, but to a lesser degree, through the period.
The energy sector GHGs emissions were projected using the Long range Energy Alternative
Planning (LEAP) Model. The projection is a business-as-usual one, where energy intensities have
been kept constant and activities were projected according to government plans, past trends, or
expected growth in the demand for different end uses or devices. The assumptions of the
projection included annual GDP growth rates ranging from 6.2 percent in the year 2000 to 7.4
percent in the year 2020. The population was projected to grow from 41 millions in 1990 to 68
millions in 2020. Electricity generation was assumed to be split evenly between hydropower and
natural gas.
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Options for mitigation of GHGs emissions were identified for each of the three sectors that were
studied in the ALGAS Project for Myanmar. Fifteen options were selected for analysis for the
energy sector. The forestry sector analysis considered five options. The agriculture sector analysis
was conducted applying two options for GHGs mitigation from rice cultivation and two options from
livestock management.

Energy
Mitigation options were identified by expert judgement based on the GHGs emissions inventory of
the year 1990 and projections to 2020. The 2020 GHGs projections by the LEAP Model gave a
clear indication of the subsectors to target. For Myanmar, the transport and residential subsectors
were clearly significant. The relevance and appropriateness of each option were carefully studied
before it was selected for analysis. The mitigation opportunities considered and their costeffectiveness from the GHGs mitigation, financial, and economic standpoints are summarized in
Table(*)

Summary of Potential GHGs Mitigation Options for the Energy Sector in Myanmar
Description of GHGs Emissions
Reduction Option

Compact Fluorescent Lamp
Biomass Cockstoves
LPG Cockstoves
Improved Kerosene Lamp
Compact Fluorescent Lamp
Efficient Air Conditioners
Cogeneration

Estimated Investment
Cost of
Option,S/Typical sIze

Estimated GHGS
Emissions
Reduction,
tonnes of CO2equivalent/yr
Residential
9
0.06
10
0.05
20
0.88
1.8
0.02
Commercial
9
0.12
1,000
1.36
40,000
44.22

Cost
Effectiveness
$/per tones of
CO2-

Potential CO2Abated , million
tonnes

-33.79
-87.82
-17.21
-42.01

1.05
6.92
4.16
0.08

-41.21
-18.94
0.45

0.75
0.51
1.22

*

The estimated investment cost shown for the vehicle maintenance option is operation and
maintenance cost only.
Description of GHGs Emissions
Reduction Option

Estimated Investment
Cost of
Option,S/Typical sIze

Combined Cycle
Bioelectricity

Estimated GHGS
Emissions
Reduction,
tonnes of CO2equivalent/yr
Industry
720,000
5214
900
0.7
8,400
145.19
Transportation
40,000
51.92
200*
2.01
Supply Side Option
140,000,000
246,840
750,000
5,578

T & D Losses

423,465,000

Cogeneration
Efficient Motor & Drive
Efficient Boiler
Mass Transit System
Vehicle Maintenance

4,278,747

219

Cost
Effectiveness
$/per tones of
CO2-

Potential CO2Abated , million
tonnes

-24.43
-21.38
-19.95

3.72
3.28
2.61

-11.09
-17.58

1.29
2.03

-4.16
5.83

9.32
1.73

-13.18

5.75

A late start, coupled with a lack of previous modeling experience, prevented Myanmar from
undertaking an optimization modeling exercise for the ALGAS study. For the Myanmar study, the
cost-effectiveness of the options was calculated by a pair-wise comparison where a baseline
option was compared with the mitigation option. Fifteen options have been identified for the energy
sector, of which twelve are in the demand side and three are in the supply side.

Land-use Change and Forestry
The following mitigation options exist in the forestry and land-usechange sector in Myanmar
(i)
(ii)
(iii)
(iv)
(v)

Reforestation with short rotation (10 years).
Reforestation with long rotation (40 years).
Natural Regeneration.
Reforestation for Bioelectricity Production.
Forest Protection.

The reforestation and natural regeneration options will be focused on the critical land, cultivable
waste land, degraded forest land, and forest land with shifting cultivation.
Three scenarios were considered for the implementation of the forestry options. The
Comprehensive Mitigation Analysis Process (COMAP) Model was used to assess the options in a
programmatic scenario, a biomass demand based scenario, and a technical potential scenario.

Mitigation Potential and Investment Costs of Forestry Sector Scenarios
Mitigation Option

Area
to
be Total Mitigation Potential,
Dedicated, mha
mt of Carbon
Mitigation potential of programmatic scenario (BAU)

Total Investment Cost,
$ million

Reforestation with long rotation (LR)

0.138

21.4

17

Reforestation with short rotation (SR)

0.149

8.2

31

Total

1.712

126

351

Biomass demand based scenario
Industrial wood plantation (SR)

0.240

33

51

Swan wood (LR)

0.122

19

1.712

126

15
285
351

Total

Mitigation potential of Technical potential scenario
Reforestation with short rotation (SR)

1.06

58
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Reforestation with long rotation (LR)

1.36

211

166

Natural regeneration (NR)

4.35

144

44

Reforestation with Biomass electricity
(RB)
Forest Protection (FT)

0.18

14

292*

3.31

156

255

Total

10.26

583

981
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Agriculture
Mitigation Option

Area of Livestock
Population to be
Covered
Feasible Scenario

Total Mitigation
Potential, Gg

Total Investment
Required for the
Area, $ million

Biogas sludge fertilizer

200,000 ha

30

18

Increased application rate of urea
Using urea molasses mineral block

17
1.2

172
2.3

3.70

3.8

Biogas sludge fertilizer

4,000
0.075 million heads
of cattle
1.1 million heads of
non dairy cattle and
buffalo
Technical Scenario
1 mha

150

90

Increased application rate of urea

1 mha

4,250

43

Using urea molasses mineral block

0.3 million heads of
dairy cattle
8.87 million heads of
non-dairy cattle and
buffalo

4.8

9.2

29.57

30.7

4,434

72.9

Using urea treated straw

Using urea treated straw
Total

Four agriculture sector GHGs mitigation options were identified as appropriate for implementation
in Myanmar. Two options were assessed for each of the two major subsectors: rice cultivation and
livestock management. The rice cultivation options are focused on reduction in use of high
methane-generating unfermented organic fertilizers. The livestock options relate to improvement of
feed materials to reduce methane produced in the electric fermentation process. All of the
agriculture sector options are consistent with the national goals in that they increase production
while reducing GHGs emissions.
Rice cultivation
Option 1:
Use of biogas sludge as fertilizer in drought-prone and irrigated areas.
Option 2:
Increasing the application rate of urea fertilizer in rainfed and water area.
Livestock
Option 3:
Option 4:

Supplementing ruminant feed with area molasses mineral block
Pre-treatment of paddy straw feed with urea.

Mitigation Potential and Investment Costs of Agriculture Sector Abatement Scenarios
The mitigation options were assessed under two implementation scenarios. The Feasible Scenario
assumes application of the options in rates that are both technically and financially feasible in
Myanmar. The Technical Scenario represents application rates that are technically possible but are
not financially feasible.

Mitigation Potential and Investment Costs of Agriculture Sector Abatement Scenarios
In developing the Baseline Scenario, the annual economic growth rate was assumed to be 5.7
percent on the period 1990 to 2000, 6.5 percent in the period 2000-20102, and 7.1 percent in the
period 2010-2020. The population growth rate is expected to drop from 1.88 percent in the base
year 1990 to 1.56 percent in the year 2020. Both GDP and population were assumed to remain
unchanged in the mitigation scenario.
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BASELINE AND ABATEMENT SCENARIOS TO 2020
The Baseline Scenarios was developed using the accounting-type-non-optimizing energy modeling
software called LEAP, which computes the total energy requirement for a scenario. The Baseline
Scenario for Myanmar is identical to the Business-as-usual (BAU) scenario. The energy sector
Abatement Scenario was developed by implementing the fifteen mitigation options listed in table,
through assumed penetration curves over the period 2000-2020.
Comparison of the Baseline and Abatement Scenarios for the Energy Sector
20

GHG Emission,million tonne CO2 Equivalent
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The above figure shows the comparison between the Baseline and Abatement Scenarios for the
energy sector. In the mitigation scenario, the commercial and traditional energy demands have
been projected to come down in 2020 by 19percent and 17 percent, respectively. On the demand
side, the improved biomass cookstove has the highest potential for GHGs reduction, followed by
industrial cogeneration. In the supply side, combined cycle and bioelectricity have considerable
potential for reducing CO2 emissions. The transmission and distribution (T&D) loss reduction is
also a very significant mitigation option in the supply side. At this point it is worth emphasizing that
in the supply side for Myanmar, hydroelectricity is a baseline option, while it is a mitigation option in
many countries. More than 50 percent of the 2020 electricity needs will be met by hydropower. In
Myanmar, therefore, the supply side is a considerable environment friendly.

Forestry Sector
Baseline Scenario
The net emission from the forestry sector in 1990 were estimated to be negative, an estimated 8.6
mt CO2 were sequestered. Thus, the forestry sector is a net sink in Myanmar. Projections to
2020 also show that the forests are estimated to remain a net sink in Myanmar.
At present the Myanmar Government is implementing a program of vegetating the arid zone in the
thirteen districts in the central part of Myanmar. In those areas, cutting of wood is restricted and
fuelwood substitutes such as liquefied petroleum gas (LPG) and improved firewood and charcoal
stoves are being introduced to the public. These measures would mitigate GHG emissions in the
future.
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Under the Baseline Scenario, the total area projected for reforestation with short rotation (10 years)
for community plantations and fuelwood supply is 1.06 mha. The area projected for reforestation
with long rotation (40 years) for commercial plantations and watershed management is 1.36 million
hectors. Natural regeneration is projected to be applied to 4,350 ha. Reforestation for bioelectricity
will be applied to 1.09 mha, and forest protection for reforestation will be applied to 3.31 mha.
Mitigation Scenario
Two abatement scenarios were assessed for the forestry sector: the Biomass Demand-based
Scenario and the Technical Potential Scenario. The Technical Potential Scenario assumes that all
of the areas actually available are considered for mitigation analysis.
According to projections, demand for sawn wood will reach 926,000 m3 in year 2010. Demand for
industrial roundwood will reach 4 million m3, and the demands for fuelwood and charcoal would be
25 million m3. Under the Biomass Demand-based Scenario, the area needed for industrial wood
plantation with short rotation is 240,000 ha. The area needed for sawn wood with long rotation is
122,000 ha. Plantation with short rotation is 1.35 million hectares (mha) are needed for fuelwood
and charcoal.
Under the Technical Potential Scenario, the total available land for short rotation plantation is 1.06
mha. Short rotation plantations could meet fuelwood and industrial wood requirements and these
would be a surplus. The total land available for the long rotation option is 1.36 mha. An area of
4.35 mha is considered for natural regeneration under the potential technical scenario. A total
potential area of 3.31 mha is available for forest protection under the potential technical scenario.
The bioelectricity option would require 175,000 ha.

Agriculture Sector
Baseline Scenario
In the baseline scenario, the area for rice growing will be limited in future years. The projected
areas under rice cultivation are 4.8 mha, 6,5 mah, 6.5 mha, and 6.5 mha for 1990,2000,2010 and
2020, respectively. The projected methane estimates for these years are 1,328 Gg, 1,512 gg,
1,512 Gg, and 1,512 Gg, respectively.
The projected daily cattle population for the years 1990, 2000, 2010 and 2020 are 179,000 heads,
214,000 heads, 271,000 heads, and 344,000 heads, respectively. Thus, methane emissions from
dairy cattle are expected to grow from 10.31 GG IN 1990 TO 19.3 Gg in 2020. The estimated nondairy cattle populations for 1990, 2000, 2010, and 2020 are 9.w million heads, 11.26 million heads,
14.275 million heads, and 18.096 million heads, respectively, resulting in methane emissions of
150 Gg, 179 Gg, 233 Gg, and 288 Gg, respectively.
Mitigation Scenario
There will be five mitigation options implemented in the agriculture sector: three options for rice
cultivation (only two were assessed for cost-effectiveness) and two options for livestock. By then,
52 Gg of methane could be reduced through implementation of these measures. By the year 2020,
there will be 3,000 biogas plants, reducing 30 Gg of methane, and 4,000 ha of rice will be treated
with urea fertilizer resulting in mitigation of 17 Gg of methane. Methane reduction from mitigation
options in the livestock subsector is estimated to be 4.9 Gg.
Twenty-four GHGs mitigation options have been identified and assessed in the study made by
NCEA and ADB, of which 15 options are from the energy sector, 5 options are from the forestry
sector, and 4 options are from the agriculture sector. Due to the differences in the assessment
approaches used in the three sectors, a combined National Least-cost Abatement curve could not
be constructed. The Cost of Emissions Reduction Initiatives (CERI) curves for the three sectors,
however, are constructed.
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NATIONAL ABATEMENT ACTION PLAN AND CONLUSION
A set of five proposals, based on priority of development plans of Myanmar and feasibility of
implementation are proposed. The proposed projects are summarized as given in the Table (4).
The national inventory of GHGs sources and sinks (1990) indicates that GHGs emissions from
Myanmar are about 41,500 Gg of CO2.
Equivalent per year, which is fairly small compared with the emissions from some Asian countries.
The agriculture sector is the source of 94.5 percent of the total emissions from Myanmar, and
methane is the largest contributing greenhouse gas. The inventory and projections indicate that the
emissions from the agricultural sector will continue to increase through the year 2020. The net CO2
emissions in 1990 totalled -5,910 Gg. This indicates that Myanmar is greater sinks than sources of
CO2. The baseline projection of the national GHGs inventory to 2020 shows that the forestry
sectors' emissions amount to -5,135 Gg of CO2. equivalent in the year 2020, indicating that forestry
sector will continue to be a significant sink in Myanmar in the future.

Summary of Proposed Priority GHGs Mitigation Projects
Project Title

Sector

Key Objective of the Project

Rationale for
Project Priority

Dissemination of Biogas
Technology for GHGs
Emissions Reduction in
Shan State of Myanmar

Agriculture

Improvement
of
rural living standard
and sustainable use
of fertilizer

9 million

Developing
Institutions
and Capacity for Inventory
of GHGs in Myanmar

Energy

Improvement of the
living standards and
health of Myanmar

250,000

Creating public
awareness on
extent
and
dangers of air
pollution

Fuel-Efficient Cookstoves
and Participatory Forestry
for Carbon Emissions
Reduction in Shan State
of Myanmar

Forestry and
Land-use
Change

Improvement of the
life of women,
through
efficient
cook stove program
and conservation of
forest carbon sinks.

10 million

Contributing to
craon
sinks
and reducing
carbon
and
other GHGs
emissions

Rural
Electrification
through Bioenergy

Forestry
Energy

To utilize sludge as
fertilizers;
To
reduce
methane
emissions from rice fields
and manure;
To protect the forest by
conserving fuel -wood;
To improve rural farm family
living standard:
To develop institution for
monitoring and verification if
GHGs inventory;
To build capacity in
Myanmar for long-term
monitoring and inventory of
GHGs.
To achieve forest and forest
carbon sink;
Conservation
through
adoption of improved (fuel
efficient)
stoves
and
reforestation of degraded
forests through participatory
approach
To electrify rural areas;
To reduce GHGs emissions
by adopting suitable bio energy technology;
To reclaim degraded lands
and sequester carbon
To remove barriers from the
use of LPG as a cooking
fuel;
To conserve electri -city and
hence natural gas
To save on electricity
generation and transmission
and distribution facilities.

Rural electrification
leading to rural
development

120,000

Reclamation of
degraded land;
Improve
quality of rural
women.

Improvement of the
living standards and
health of Myanmar

225,000

LPG
Cookstoves
to
Replace Electric Cookers

Energy

and

****
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Estimated
Budget, $

Nonquanti fiable Benefit

NEW ZEALAND
OBSERVATIONAL ACTIVITIES
In New Zealand, most ozone and UV related research is undertaken by the National Institute of
Water and Atmospheric Research (NIWA), a Crown Research Institute (CRI), at research centres
at Lauder and Wellington. Lauder is the southern hemisphere mid-latitude charter site in the
Network for Detection of Atmospheric Composition Change (NDACC). Several other CRIs have
programmes to monitor changes in biologically damaging UV radiation (e.g., Industrial Research,
LandCare, AgResearch), some of which are conducted in collaboration with NIWA. The Physics
and Astronomy Department at the University of Canterbury also contributes to ozone related
research while the Department of Preventive and Social Medicine at the University of Otago
researches epidemiological aspects of excess UV radiation exposure. This research is funded
primarily through the Foundation for Research Science and Technology (FRST), but with
considerable funding coming from international contracts and also from commercial activities such
as providing research products and instrument development.

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

Annual mean total column ozone (DU)

Dobson Spectrophotometer
Ozone measurements were made
330
327
using a Dobson spectrophotometer
325
(no. 17) located at Invercargill
322
321
(46.4oS, 168.3oE) from 3 July 1970
320 320
319
318
317
to 30 September 1987. The
316
315315
315
314
314
314
314
instrument was then re-located to
313
312
311
Arrival Heights in Antarctica (77.8oS,
310
310
309309309
308
308
308
166.7oE), also an NDACC site,
306
306
306
305
305
304304
where it has been operated since.
303
302
302
Another Dobson spectrophotometer
300
299
299
(no. 72) has been operated at
297
295
294
Lauder (45.0oS, 169.7oE, alt 370m)
293
since the beginning of 1987 in
290
collaboration with NOAA. A satellite
285
measurement based climatology of
total column ozone differences
280
between Lauder and Invercargill has
1970
1975
1980
1985
1990
1995
2000
2005
Year
been used to geographically shift the
Figure 1: Annual mean total column ozone at Lauder from
Invercargill measurements to Lauder the
combined
Lauder
and
Invercargill
Dobson
(Figure 1). The large downward step spectrophotometer measurements.
in ozone during the mid-1980s,
which occurred throughout the southern mid-latitudes, has been the focus of recent research. The
Dobson spectrophotometers are also used to make Umkehr observations to estimate the vertical
profile of ozone in the stratosphere.
UV-visible spectrometers UV-visible spectrometers at Arrival Heights, Macquarie Island (54.5oS,
159.0oE), Lauder, Mauna Loa (19.5oN, 155.6oW), and Kiruna (67.8oN, 21.1oE) measure total
column ozone. These spectrometers are also used to measure slant column NO2 over Kiruna,
Japan, Hawaii, Lauder, Macquarie Island and Arrival Heights, BrO over Lauder and Arrival Heights,
and OClO over Arrival Heights.
FTIR High resolution Fourier transform infrared (FTIR) interferometers at Lauder and Arrival
Heights are used to determine column amounts of O3, HCl, HNO3, CH4, N2O, HF, COF2, CO, C2H6,
ClONO2, CFC-11, CFC-12, NO2, OCS, and CO2. For some of these species, 2 to 4 vertical partial
column amounts can also be retrieved from the FTIR spectra.
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Profile measurements of ozone and other gases/variables relevant to ozone loss
Ozonesondes Vertical ozone profiles over Lauder have been measured weekly since August 1986
using ECC ozonesondes. Until 1996 flights were made twice weekly during the last four months of
the year, a time when remnants of the Antarctic ozone hole may be advected over New Zealand.
The flights are made to an average altitude of ∼33 km. These data were used in a recent validation
of AIRS ozone profile measurements (Monahan et al., 2006).
Microwave radiometer A microwave radiometer has been used to measure daily ozone profiles at
Lauder since November 1992 over 20-70 km altitude. A second instrument is used to measure
water vapour profiles in the upper stratosphere and lower mesosphere. A microwave radiometer is
also operated at Arrival Heights for measuring ClO vertical profiles.
Ozone and aerosol lidars In collaboration with RIVM, The Netherlands, vertical ozone profiles
have been measured using a UV DIAL system since November 1994 over the altitude range 8-50
km. Using equipment provided through past collaboration with MRI, Japan, and CNR, Italy, vertical
profiles of aerosol have been measured system since November 1992 over the altitude range 2-50
km.
Frost point hygrometer flights In collaboration with NOAA/GMD, frost point hygrometer flights
have been made from Lauder every second week since August 2004 to measure stratospheric
water vapour. The programme is co-funded by the NOAA GCOS office.
Surface ozone measurements Surface ozone measurements have been made continuously at
Lauder since December 2003 using a TEI in-situ spectrophotometer. Similar measurements have
been made at Arrival Heights since December 1996. These measurements were made with a
Dasibi in-situ spectrophotometer until it was replaced with a TEI monitor in December 2003.
Surface ozone measurements have also been made at Baring Head from 1991 with a Dasibi in-situ
spectrometer, and from December 2005 with a TEI in-situ spectrometer. These data were recently
used in an analysis of global long-term changes in tropospheric ozone (Oltmans et al., 2006).

UV measurements
Broadband measurements A wide range of broadband measurements and all-sky images taken
at 1 minute intervals are made at Lauder. Broadband instruments which measure integrated UV
with a response close to the erythemal action spectrum, are operated by NIWA at several sites in
New Zealand (Invercargill, Lauder, Leigh, Paraparaumu, Christchurch) and in the Pacific (Cook
Islands – Rarotonga and Fiji). Because of the mismatch between instrument sensitivity and
erythemal response, corrections which depend on solar elevation and ozone are applied to these
broadband instruments. Dosimeter badges for measuring personal exposures of UV are used in
epidemiological studies in collaboration with the University of Otago and the University of
Auckland. Similar sensors have been used in UV displays which have been deployed in public
places and outdoor sporting facilities.
Narrowband filter instruments Since late 2002, the US Department of Agriculture have
undertaken complementary measurements of UV radiation at Lauder using multi-filter rotating
shadow band radiometers. This provides a direct link between the UV climatologies of New
Zealand and the USA.
Spectroradiometers Since late 1990 surface spectral UV irradiance has been measured routinely
at Lauder. Scans are made at 5o steps in solar zenith angle, and at 15 minute intervals over the
midday period. The spectral resolution is 0.6-0.8 nm, and data cover 285-450 nm in 0.2 nm steps.
Similar spectral measurements have been made in collaboration with NOAA/GMD at Mauna Loa
Observatory, Hawaii, and at Boulder, Colorado; with the Australian Bureau of Meteorology at
Melbourne, Alice Springs and Darwin; and with the University of Tokyo at one site in Japan using
weatherproof, temperature-controlled spectrometers. In addition to the measurements of spectral
irradiance, measurements of actinic fluxes are now available from Lauder and Tokyo.
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Calibration activities
The Lauder Dobson spectrophotometer was last calibrated at a Dobson intercomparison held in
Melbourne in January and February 2006. The Arrival Heights Dobson spectrophotometer was
intercompared against the regional standard in Melbourne in January 2004.

RESULTS FROM OBSERVATIONS AND ANALYSIS

Vortex period (19 July - 1 December) average
daily ozone deficit over Antarctica (million tonnes)

Equivalent Effective Antarctic Stratospheric Chlorine (ppb)

The NIWA combined total column ozone data base
The NIWA combined total
20
column ozone data base
18
combines
satellite-based
4.0
measurements of total column
16
ozone from 4 Total Ozone
14
Mapping
Spectrometer
3.5
12
(TOMS) instruments, 4 Solar
Backscatter
Ultra-Violet
10
(SBUV) instruments, three
3.0
8
different retrievals from the
Global
Ozone
Monitoring
6
Experiment (GOME), and from
4
2.5
the
Ozone
Monitoring
2
Instrument
(OMI),
and
compares
these
against
0
2.0
ground-based measurements
made by the global network of
1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
Year
Dobson
and
Brewer
Figure 2: Daily ozone mass deficit (the mass of ozone required to
spectrophotometers to create a restore ozone levels to 220 DU over Antarctica) averaged over
homogeneous data base that the Antarctic vortex period (thin line with symbols plotted against
combines the advantages of left axis) together with equivalent effective stratospheric chlorine
global satellite measurements (thick line plotted against right axis).
with the advantages of the
stability of ground-based measurements. This data base was used in the WMO/UNEP ozone
assessment in 2006. The use of this data base to track the long-term evolution of the Antarctic
ozone hole is shown in Figure 2. The data base was also used to investigate the characteristics of
the different metrics used to quantify polar stratospheric ozone depletion (Müller et al., 2008) and
to develop a new improved measure of the Antarctic ozone mass deficit (Huck et al., 2007).
The NIWA combined vertical trace gas and aerosol profile data base
A new data base of trace gases and aerosols with global coverage, derived from high vertical
resolution profile measurements, has been assembled; hereafter referred to as the ‘Binary Data
Base of Profiles’ (BDBP). Version 1.0 of the BDBP (Hassler et al., 2008) includes measurements
from different satellite- (HALOE, POAM II and III, SAGE I and II) and ground-based measurement
systems (ozonesondes). In addition to the primary product of ozone, secondary measurements of
other trace gases, aerosol extinction, and temperature are included. All data are subjected to strict
quality control and for every measurement a percentage error on the measurement is included. To
facilitate analyses, each measurement is added to 3 different instances of the data base where
measurements are indexed by: (1) geographic latitude, longitude, altitude (in 1 km steps) and time,
(2) geographic latitude, longitude, pressure (at levels ~1 km apart) and time, (3) equivalent latitude,
potential temperature (8 levels from 300K to 650 K) and time. By including other trace gases such
as water vapour, this data base can be used for comprehensive radiative transfer calculations.
The 1985 downward step in southern mid-latitude total column ozone
The causes of the large decrease in total column ozone over New Zealand from 1984-1985 (see
Figure 1), which occurred throughout the southern hemisphere, were detailed in a recent
publication (Bodeker et al., 2007). This event, and similar events which occurred in 1997 and 2006,
were found to result from a combination of (i) an anomaly in the meridional circulation resulting
from the westerly phase of the equatorial quasi-biennial oscillation (QBO), (ii) weaker transport of
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ozone from its tropical mid-stratosphere source across the sub-tropical barrier to mid-latitudes
related to the particular phasing of the QBO with respect to the annual cycle, and (iii) a solar cycle
induced reduction in ozone.

Analysis of trends in tropical ozone and effects on radiative forcing
A least squares regression analysis of trends in tropical ozone showed statistically significant
negative trends in ozone at ~70 hPa. When provided as input to a radiative fixed dynamical
heating model it was found that these ozone reductions can lead to significant cooling not only at
stratospheric levels, but also in the sub-stratosphere/upper tropospheric region between 150 and
70 hPa. The results provide a possible explanation for the long-standing discrepancy between
modeled and measured temperature trends in the uppermost tropical troposphere and can explain
the latitudinal near-homogeneity of recent stratospheric temperature trends (Forster et al., 2007).
Comparison of ClO measurements from Aura and ground-based microwave measurements
at Scott Base, Antarctica
Measurements of chlorine monoxide in the lower stratosphere by the Microwave Limb Sounder
(MLS) on the Aura satellite in the austral spring of 2005 have been compared with ground-based
spectrometer measurements at Scott Base, Antarctica (Connor et al., 2007). The day-to-day
variability of ClO is observed to be large, ~30% of its peak value. The daily column densities of the
two instruments are correlated with a significance of 3σ with most of the mean difference arising
from 2 days. The statistical agreement between MLS and the Scott Base instrument is good. Scott
Base values are on average marginally but not significantly larger, by 0.10±0.07 ppb, or 11±8%
(1σ), in peak mixing ratio, than the MLS values.
Detection and attribution of ozone recovery in the upper stratosphere
Measurements of ozone between 35 and 45 km altitude from the lidar and microwave radiometer
instruments based at Lauder and from satellite-based instruments (SAGE II, HALOE and SBUV)
showed a statistically significant increase in ozone above Lauder since the late 1990s that could be
attributed to decreases in stratospheric halogen loading over the past decade (Steinbrecht et al.,
2006). This result confirms the onset of ozone recovery in the southern hemisphere mid-latitude
upper stratosphere.
Results from observations and analyses of UV measurements
Spectral measurements of UV irradiances at Tokyo have been compared with corresponding
measurements at Lauder, a pristine site, to identify the causes of the reductions in urban UV
irradiances, and to quantify their effects. Tropospheric extinctions in Tokyo were found to be up to
~40% greater than at Lauder. Most of these differences can be explained by differences in cloud
and aerosols, but ozone differences are also important in the summer. Examining spectral
signatures of tropospheric transmission of both sites shows that reductions due to mean NO2 and
SO2 amounts are generally small. However, at times the amount of NO2 can be 20 times higher
than the mean amount, and on these days it can decrease the UVA irradiance up to 50%. If SO2
shows comparable day to day variability, it would contribute to significant reductions in UVB
irradiances. The results indicate that at Tokyo, interactions between the larger burden of
tropospheric ozone and aerosols also have a significant effect. These results have important
implications for our ability to accurately retrieve surface UV irradiances at polluted sites from
satellites that use backscattered UV. Supplementary data characterising these boundary layer
effects are probably needed.
Analysis of peak summer-time UV at Lauder, first published in 1999, has been updated. The
summer of 2007-2008 was notable for having the lowest mean ozone on record. The low ozone is
attributable to the persistent anti-cyclonic weather patterns that occurred over New Zealand during
this summer which contributed to sunny and warm weather. However, the mean ozone amounts on
the 15 peak UV days (5 each month) was very similar to that in the previous 4 years, and was
significantly higher than the minimum in the 1998/1999 summer. The peak UVI was only slightly
higher than in recent years and at least 5% less than the peak in 1998/1999.
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THEORY, MODELLING, AND OTHER RESEARCH
Chemistry-climate modelling
Two coupled chemistry-climate models (CCMs) are operated at NIWA to investigate the feedbacks
between climate change and changes in stratospheric chemistry; in particular ozone depletion. The
two models are the Unified Model with Eulerian Transport And Chemistry (UMETRAC) which is run
on NIWA’s cray T3E supercomputer and the Solar Climate Ozone Links (SOCOL) model which is
run on a linux workstation. UMETRAC research is conducted in close collaboration with the UK
Met Office and the NOAA Geophysical Fluid Dynamics Laboratory, while research using SOCOL is
conducted in collaboration with the Physical-Meteorological Observatory/World Radiation Center,
Davos, Switzerland and the Swiss Federal Institute of Technology (ETH), Zurich, Switzerland. Both
CCMs contribute to the SPARC (Stratospheric Processes And their Role in Climate) initiated
activity to conduct an internationally coordinated validation of CCMs.
Use of satellite data
Data from satellite programmes of the USA, European and Japanese space agencies are used in
ozone and UV related research in New Zealand. In turn we have contributed to a number of
satellite measurement validation activities (e.g. most recently to ENVISAT, AURA and ACE
validation). Ozone and related trace gas and aerosol measurements from a variety of instruments
have been used to generate combined data bases. Most recently ClO measurements from the
MLS instrument onboard AURA have been used to develop a semi-empirical model for chlorine
activation in the Antarctic stratosphere.
UV effect studies
Collaboration between NIWA and the New Zealand Cancer Society continues to provide
information on how the UV Index varies geographically and seasonally in the New Zealand region.
Consultancy reports for the NZ Commerce Commission on the efficacy of sunscreens have also be
commissioned.
Work has just begun on a new 3-year Health Research Council sponsored project to quantify the
relationship between personal UV exposure, as measured by electronic dosimeter badges, and
blood serum vitamin D. The project will identify the extent of any problems with vitamin D
deficiency for the population of New Zealand, and identify regions and seasons when UV is too low
to maintain satisfactory levels of vitamin D. Approximately 100 dosimeter badges are being used in
Auckland and Dunedin for this study. Approximately 500 participants will be involved in total. Each
participant will wear the badge for a period of 8 weeks and have their blood serum vitamin D
measured twice during that period. Additionally, from the variations in the spectral distribution of
UV received, and the corresponding increases in vitamin D, we will attempt to improve knowledge
of the action spectrum for vitamin D production. Those participating in the winter months will also
receive an additional dose of UV from a sun bed.

DISSEMINATION OF RESULTS
Data reporting
Measurements from the following sites are regularly submitted to the NDACC data base: From
Lauder: ozonesonde and lidar ozone profiles, Dobson spectrophotometer O3, NO2 columns, UV
weighted irradiances (Erythema, UVA, UVB), vertical and partial columns of many trace gases by
FTS; from Arrival Heights: vertical and partial columns of many trace gases by FTS, Dobson
spectrophotometer O3, NO2 columns; from Kiruna: NO2 columns; from Moshiri (Japan): NO2
columns; from Boulder (USA): UV weighted irradiances (Erythema, UVA, UVB); from Mauna Loa
Observatory (Hawaii): NO2 columns, UV weighted irradiances (Erythema, UVA, UVB); from
Macquarie Island (Australia): NO2 columns.
Measurements from the following sites are regularly submitted the WOUDC data base: From
Lauder: Ozonesonde ozone profiles; from Arrival Heights: Dobson spectrophotometer O3.
Baring Head surface ozone data are regularly submitted to WDCGG.
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Aerosol Measurements from Lauder are regularly submitted to the BSRN data base.

Information to the public
Data from NIWA's broadband instruments and radiative transfer calculations are used to provide
the public with information on UV radiation levels via the Internet. Data are also provided to the
public via the Cancer Society of New Zealand’s web pages, and via contracts with New Zealand
Met Service.
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Bodeker, G.E.; Garny, H.; Smale, D.; Dameris, M.; Deckert, R. (2007). The 1985 Southern Hemisphere midlatitude total column ozone anomaly. Atmospheric Chemistry and Physics 7: 5625–5637.
Connor, B.J.; Mooney, T.; Barrett, J.; Solomon, P.; Parrish, A.; Santee, M. (2007). Comparison of ClO
measurements from the Aura Microwave Limb Sounder to ground-based microwave measurements at
Scott Base, Antarctica, in spring 2005. Journal of Geophysical Research 112: D24S42,
doi:10.1029/2007JD008792.
Forster, P.M.; Bodeker, G.E.; Schofield, R.; Solomon, S.; Thompson, D.W.J. (2007). Effects of ozone cooling
in the tropical lower stratosphere and upper troposphere. Geophysical Research Letters 34: L23813,
doi:10.1029/2007GL031994.
Garny, H.; Bodeker, G.E.; Dameris, M. (2007). Trends and variability in stratospheric mixing: 1979-2005.
Atmospheric Chemistry and Physics 7: 5611–5624.
Hassler, B.; Bodeker, G.E.; Dameris, M. (submitted 2008). Technical Note: A new global database of trace
gases and aerosols from multiple sources of high vertical resolution measurements. Atmos. Chem.
Phys.
Huck, P.E.; McDonald, A.J.; Bodeker, G.E.; Struthers, H. (2005). Interannual variability in Antarctic ozone
depletion controlled by planetary waves and polar temperature. Geophysical Research Letters 32:
L13819, doi:10.1029/2005GL022943.
Huck, P.E.; Tilmes, S.; Bodeker, G.E.; Randel, W.J.; McDonald, A.J.; Nakajima, H. (2007). An improved
measure of ozone depletion in the Antarctic stratosphere. Journal of Geophysical Research 112:
D11104, doi:10.1029/2006JD007860.
McKenzie, R.L.; Bodeker, G.E.; Scott, G.; Slusser, J.; Lantz, K. (2006). Geographical differences in
erythemally-weighted UV measured at mid-latitude USDA sites. Photoch. Photobiol. Sci. 5:
10.1039/b510943d.
Monahan, K.P.; Pan, L.L.; McDonald, A.J.; Bodeker, G.E.; Wei, J.; George, S.E.; Barnet, C.D.; Maddy, E.
(2007). Validation of AIRS v4 ozone profiles in the UTLS using ozonesondes from Lauder, NZ and
Boulder, USA. Journal of Geophysical Research 112: D17304, doi:10.1029/2006JD008181.
Müller, R.; Grooß, J.-U.; Lemmen, C.; Heinze, D.; Dameris, M.; Bodeker, G.E. (2008). Simple measures of
ozone depletion in the polar stratosphere. Atmospheric Chemistry and Physics 8: 251-264.
Oltmans, S.J. et al. (2006). Long-term Changes in Tropospheric Ozone. Atmos. Env. 40: 3156-3173.
Steinbrecht, W. et al. (2006). Long-term evolution of upper stratospheric ozone at selected stations of the
Network for the Detection of Stratospheric Change (NDSC). Journal of Geophysical Research 111:
D10308, doi:10.1029/2005JD006454.
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PROJECTS AND COLLABORATION
National Projects
Ozone and related research in New Zealand is undertaken primarily through the Drivers and
Mitigation of Global Change research programme as well as a number of smaller research
programmes including a programme on improving projections of Antarctic ozone recovery funded
as part of the international polar year.
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International Projects
Ozone research in New Zealand is undertaken in close collaboration with many international
partners and contributes to a wide range of international projects. Selected current international
projects are:
•
•
•

GEOMON (Global Earth Observation and Monitoring): Contract to supply BAS with BrO, NO2,
HCl, HF and ClONO2 column measurements from Lauder and Arrival Heights from 2006 to
2009.
SPARC CCMval (Chemistry Climate Model validation): Contributing CCM simulations to the
CCMval archives and participating in process oriented validation of CCMs.
Technical ASsistance To Envisat (TASTE) validation: A wide range of column and vertical
trace gas measurements, including ozone, are submitted to the ENVISAT validation archives.

Collaboration
National collaborators (external to the programmes listed in Section 5.1)
Person: Organization
Dr A McDonald: University of Canterbury
Dr T Reeder: University of Otago
Martin Allen, Univ Canterbury
Wendy Billingsley, Cancer Society

Description of collaboration
Stratospheric ozone and dynamics.
Effects of UV overexposure in humans.
UV dosimetry
UV Public health advisory

USA and Canada collaborations
5.3.2.1 NOAA
Person:
Organization
Dr S Oltmans:
GMD
Dr S Solomon:
CSD
Dr D Hofmann:
CSD
Dr P Disterhoft:
CUCF

Description of collaboration
Funder and co-investigator on frost point hygrometer flights at Lauder, provision of
surface ozone instruments, data sharing and interpretation
Analysis of changes in ozone in the lower stratosphere and upper troposphere;
analyses of the effects of marine biogenic emissions of halocarbons on ozone
Global variability of UV (Mauna Loa and Boulder)
Calibration of spectroradiometers

GMD = Global Monitoring Division (was CMDL); CSD = Chemical Sciences Division (was aeronomy laboratory); CUCF =
Colorado Ultraviolet Calibration Facility

NASA
Person:
Organization
Dr R Salawitch:
JPL
Dr R McPeters:
GSFC
Dr
J
Herman:
GSFC
Dr C Rinsland:
LaRC
Dr L Thomason:
LaRC
Dr
M
Kurylo:
NDACC
Dr T Kurosa:
JPL
Dr M Santee: JPL

Description of collaboration
Collaboration in chemical modelling
Provision of Total Ozone Mapping Spectrometer (TOMS) satellite-based total column
ozone measurements
Validation of satellite derived UV
Collaboration on FTS measurements and interpretation
Provision of Stratospheric Aerosol and Gas Experiment (SAGE) satellite-based
measurements of trace gases and aerosols
NDACC data archival
Collaboration in OMI data validation
Provision of AURA and UARS MLS ClO measurements

JPL = Jet Propulsion Laboratory; GSFC = Goddard Space Flight Center, LaRC = Langley Research Center; NDACC =
Network for the Detection of Atmospheric Composition Change
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USA Universities
Person: Organization
Profs F Murcray and A Goldman: University
of Denver
Prof P Solomon: State University of New
York
Prof J Slusser, Prof M Uliasz: Colorado
State University/USDA
Dr A Parrish: University of Massachusetts
Dr D Waugh: Johns Hopkins University

Description of collaboration
Provision of FTS instrument, analysis algorithm development
and measurement interpretation
Provision of microwave instrument for ClO measurements,
data sharing and interpretation.
Global variability of UV, USDA radiation suite; collaboration
on dispersion modelling
Co-investigator on microwave radiometers for ozone profiling
Collaboration on chemistry-climate modelling

Other USA and Canada
Person: Organization
Dr G Nedoluha: Naval Research Laboratories (NRL)
Dr R Booth and G Bernhard: Biospherical Instruments
Dr J Austin: Geophysical Fluid Dynamics Laboratory,
Princteon
Dr S Madronich: National Center for Atmospheric Research
Dr T Shepherd: University of Toronto, Canada

Description of collaboration
Co-investigator on microwave radiometers
Validation of UV from spectrometers
Collaboration
on
chemistry-climate
modelling
Provision of the TUV Radiative transfer
model
Collaboration
on
chemistry-climate
modelling

Australian collaborations
Person: Organization
Dr P Gies: Australian Radiation
Protection and Nuclear Safety Authority
Prof D Griffith & Dr N Jones: University
of Wollongong
Dr B Forgan: Bureau of Meteorology
Prof D Karoly

Description of collaboration
UV and behavioural studies
Collaboration on FTS formaldehyde data; collaboration on FTS
measurements, especially related to biomass burning
Spectral and broadband radiation and aerosols
Collaboration on coupled chemistry climate modelling

United Kingdom collaborations
Person: Organization
Dr B Lawrence: Rutherford Appleton Laboratory
Prof M Chipperfield: University of Leeds
Dr N Butchart: UK Met. Office
Prof J Pyle and Dr N Harris: University of Cambridge
Dr H Roscoe

Description of collaboration
Collaboration in transport modelling
Collaboration in chemical modelling
Collaboration on chemistry-climate modelling
Chemistry-climate modelling
GEOMON project

Collaborations with rest of Europe
Person: Organization
Dr D Swart: National Institute for Public Health and
Environmental Protection, The Netherlands
Prof J van der Leun: United Nations
Prof U Platt: University of Heidelberg, Germany
Prof J Burrows: University of Bremen and European
Space Agency
Dr M Dameris: DLR-Institut für Physik der
Atmosphäre, Germany
Dr M Blumthaler: Medical University of Innsbruck,
Austria
Dr A Adriani: CNR, Italy
Prof D Haeder: University of Erlangen, Germany
Prof G Seckmeyer: University of Hannover, Germany
Dr M Van Roozendael, Belgium Institute of Space
Aeronomy
Dr L Jalkanen: World Meteorological Organisation
Dr JC Lambert, BIRA, Belgium
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Description of collaboration
Ozone lidar measurements of vertical ozone
profiles at Lauder
UNEP, Environmental Effects of UV radiation
Development of instruments and techniques, data
sharing and interpretation
Validation of SCIAMACHY instrument on the ESA
ENVISAT satellite
Collaboration on chemistry-climate modelling and
co-supervision of PhD student
Inter-comparisons and sky radiances
Aerosol lidar
Global variability of UV Eldonet instrument
network
Sky imagery and pollution effects
Maintain UV/Visible trace gas standards and
development of new techniques (NDACC)
WMO instrument working groups (also
international assessments)
Support for validation data for ENVISAT satellite
measurements

Dr M de Maziere, BIRA, Belgium
Dr T Egorova, PMOD/WRC, Switzerland
Prof T Peter, ETH, Zurich
Prof U Langematz, Free Unievrsity of Berlin, Germany

Interpretation of FTS measurements and
validation of satellite data
Collaboration on chemistry-climate modelling
(SOCOL)
Collaboration on chemistry-climate modelling and
co-supervision of PhD student

Collaborations with South east Asia and Japan
Person: Organization
Description of collaboration
Dr H Nakajima: National Institute for
Environmental Studies, Japan
Dr T Nagai: Meteorological Research
Institute of Japan
Prof Y Kondo: University of Tokyo,
Japan

Provision of Improved Limb Atmospheric Spectrometer (ILAS)
satellite-based measurements of trace gases. IPY trace gas
measurements
Aerosol lidar
Spectral irradiance & actinic flux in polluted sites, aerosol studies

FUTURE PLANS
Ozone data base for constraining IPCC global climate model simulations
The global climate model runs for the IPCC 4th assessment report used a variety of approaches for
including the effects of stratospheric ozone on past and future radiative forcing. A vertically
resolved, monthly mean, consensus ozone database from 1850 to 2100 would likely be very useful
for GCM groups that will seek to prescribe ozone conditions for 20th century simulations (e.g., for
AR5) as well as for those groups attempting to calculate ozone changes prognostically who may
wish to compare their findings to observations. Thus both analyses of past changes and methods
to describe future changes are of interest. A future project will be to extend the observational
vertical resolved ozone data base described in Section 2.2 as shown schematically in Figure 3.
1850

1964 1979
Annually repeating climatology calculated
from the 1964-1968 period

2006

2100

Chemistry-climate model output scaled and offset
to ensure smooth transition from observations

Profile shapes from 1979-1983 scaled to match
total column ozone from BUV morphed to Dobson

Vertically resolved observational database

Figure 3: Proposed plan for constructing a vertically resolved, monthly mean, ozone database for
constraining global climate model simulations

A semi-empirical approach to projecting Antarctic ozone recovery
This project will use semi-empirical models of chlorine activation and ozone depletion in the
Antarctic stratosphere to project the recovery of the Antarctic ozone hole. Chemistry-climate
models (CCMs) are traditionally used for such studies and remain the optimal method for making
such projections. However, CCM projections are uncertain because of the uncertainty in future
emissions and uncertainties in their internal parameterizations of various processes. Ideally, the
projections should be based on an ensemble of model simulations which encompass the full range
of uncertainty. However, due to their complexity, these models are extremely computationally
demanding. A new method, complementary to CCMs, that can be used to conduct inexpensive
projections of Antarctic ozone recovery will be developed. Because the semi-empirical models are
sensitive to changes in stratospheric climate, the coupling between climate change and
stratospheric ozone depletion is accounted for. Future changes in Antarctic stratospheric
temperatures will be obtained from global climate model output stored in the CMIP3 data base
while future changes in Antarctic equivalent effective stratospheric chlorine will be obtained from
WMO/UNEP scenarios.
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NEEDS AND RECOMMENDATIONS
The following needs and recommendations require attention:
•
The contribution of very short-lived compounds to stratospheric species abundances, and
in particular BrO, needs to be better quantified.
•
The inability of state-of-the-art atmospheric chemistry models to reproduce the interhemispheric differences in the response of ozone to the Mt. Pinatubo volcanic eruption
suggests that our knowledge of the aerosol chemistry driving ozone changes is incomplete.
•
We need better quantification of how management of banks of ozone depleting substances
may affect the recovery of the global ozone layer.
•
In depth assessment of when and where the ozone layer is likely to recover is required. The
importance of attribution in the analysis of ozone recovery must be stressed.
•
The effects of stratospheric change on surface climate change, and the mechanisms
involved, need to be better quantified. In particular forcing of the southern annular mode
through Antarctic ozone depletion, and its effect on southern middle and high latitude
surface climate, needs to be better understood.
•
Changes in ozone in the upper troposphere and lower stratosphere, especially in the
tropics, need to be better quantified and the effects of changes in ozone in this region of the
atmosphere on the temperature structure of the atmosphere need to be better quantified.
•
We need to confirm that ground- and satellite-based measurements of bromine and
chlorine containing compounds are in agreement and that the stratospheric loading of these
trace gases is consistent with our understanding of their surface source emissions.
•
Working with health sciences to improve our understanding of both the positive and
negative effects of UV exposure.
•
An internationally coordinated effort is required to detail and centrally archive historical
surface ozone measurements to better constrain global climate model simulations of past
tropospheric ozone radiative forcing.

****
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NORWAY
Ozone monitoring and related research activities in Norway involve several institutions and there is
no distinct separation between research, development, monitoring and quality control. In this report
we present the ozone related activities that have been carried out in Norway the last years.

OBSERVATIONAL ACTIVITIES
In 1990 The Norwegian Pollution Control Authority established the programme “Monitoring of the
atmospheric ozone layer”, which initially only included measurements of total ozone. Some years
later, in 1994/95, the network was expanded and The Norwegian UV network was established. It
consists of eight 5-channel GUV instruments located at sites between 58°N and 79°N. In addition
the network includes ozone lidar and ozone sonde measurements. Table 1 gives an overview of
the location of the various stations, the type of measurements, and the institutions responsible for
the daily operation of the instruments at the different sites.
Table 1:

Overview of the locations and institutes involved in ozone and UV monitoring
activities in Norway.

Station

Location

Grimstad
Oslo
Østerås
Bergen
Finse
Kise
Trondheim
Ørlandet
Andøya
Ny-Ålesund
Antarctica

58 N, 08 E
o
o
60 N, 10 E
o
o
60 N, 10 E
o
o
60 N, 05 E
o
o
60 N, 07 E
o
o
60 N, 10 E
o
o
63 N, 10 E
o
o
63 N, 09 E
o
o
69 N, 16 E
o
o
79 N, 12 E
72ºS, 02ºE

o

UV Total ozone
o

X
X
X
X
X
X
X

GUV
Brewer, GUV
GUV
GUV
GUV
GUV
GUV

x
x*
x**

Brewer, GUV
GUV
NILU-UV

Ozone profiles
Lidar

Institute

Sondes
Norwegian Radiation Protection Authority
University of Oslo/ Norwegian Institute for Air Research
Norwegian Radiation Protection Authority
Norwegian Radiation Protection Authority
Norwegian Radiation Protection Authority
Norwegian Radiation Protection Authority
Norwegian Radiation Protection Authority
Norwegian Institute for Air Research
Norwegian Institute for Air Research /Andøya Rocket Range
Norwegian Institute for Air Research
Norwegian Institute for Air Research

x*
x

*The sondes at Ørlandet and the GUV measurements at Ny-Ålesund were excluded from the national monitoring
programme in 2006 due to lack of financial support.
** UV measurements at the Norwegian Troll station in Antarctica started in 2007. They are financed by the Norwegian
Research Council.

Column measurements of ozone and short-lived gases relevant to ozone loss
Total ozone measurements using the Dobson spectrophotometer were performed on a regular
basis in Oslo from 1978 to 1998 and in Tromsø from 1985 to 1999. Furthermore, quality-assured
Dobson measurements were made at Ny-Ålesund, Svalbard, from 1995 to 2007. In 2007 the
measurements were stopped due to a technical failure. Brewer measurements started up in
Tromsø in 1994, but after the termination of other ozone-related observations at the Auroral
Observatory in Tromsø in 1999 the instrument was moved to Andøya, 130 km southwest of
Tromsø. Today daily total ozone values from Oslo and Andøya are based on measurements with
Brewer spectrometers. The ozone values are derived from direct sun measurements, when
available. On overcast days and days where the solar zenith angle is large the ozone values are
calculated from the global irradiance method. As the Arctic Lidar Observatory for Middle
Atmosphere Research (ALOMAR) is located north of the polar circle (69.3°N, 16.0°E,
http://alomar.rocketrange.no/), there are about 100 days without total ozone measurements during
the winter. At Ny-Ålesund, an Italian Brewer instrument has been operating since 2006, and the
data are shared between Italy and Norway.
The Norwegian Institute for Air Research (NILU) is also responsible for measuring ozone and
ozone relevant traces gases at two sites: At ALOMAR two UV/VIS DOAS instruments (SYMOCS)
have been used to measure total columns of ozone, NO2, BrO and OClO since 1998. Since 2006
the UV instrument for monitoring BrO/OClO has been out of operation due to lack of financial
support. Additionally, there is a DOAS instrument (type SAOZ) at Ny-Ålesund, measuring total
columns of ozone and NO2, which has been operational since 1991. Near real time data can be
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found at http://www.aerov.jussieu.fr/~fgoutail/SAOZSol-UK.html. The NO2 and ozone
measurements at ALOMAR and Ny-Ålesund are a part of the Network for the detection of
Atmospheric Composition Change (NDACC).

Profile measurements of ozone and other parameters relevant to ozone loss
Together with the Norwegian Defence Research Establishment and the Andøya Rocket Range,
NILU has operated an ozone lidar at ALOMAR (Andøya) since January 1995. Since 1997 the
instrument has been approved as a complementary site of the NDACC, and data are submitted to
the NDACC database. The ozone lidar has also been used to measure polar stratospheric clouds
and stratospheric temperature profiles. The lidar is run on a routine basis during clear sky
conditions, providing ozone profiles in the height range 8 to 50 km. The latest measured raw data
profiles and the latest analysed ozone data are available at http://alomar.rocketrange.no/alomarlidar.html.
NILU was also operating an ozone sonde station at Ørlandet (63.4oN, 9.2oE) in the period 19942006. Nominally between 1 and 4 sondes were launched per month, depending on the time of the
year. These measurements have traditionally been used for national monitoring purposes. In
addition, NILU has participated in a number of experimental (match) campaigns where several
stations have launched sondes in a coordinated pattern to sample the same air masses at different
locations. The campaigns have been used to estimate ozone loss as a function of time and sun-lit
hours. Finally, the ozone vertical profile soundings have extensively been used for validation of
satellite instruments, especially on the ERS-2 and Envisat platforms. Unfortunately the ozone
sonde measurements terminated in 2006 due to lack of financial support.

UV measurements
Narrowband filter instruments
The instruments in the Norwegian UV network (GUV, from Biospherical Ltd) are designed to
measure UV irradiances in 4 channels. Using a technique developed by Dahlback (1996) 1, we are
able to derive total ozone abundance, cloud cover information, complete UV spectra from 290 to
400 nm, and biologically weighted UV doses for any action spectrum in the UV.
In January 2007 NILU started measurements with a similar instrument (the NILU-UV radiometer) at
the Norwegian research station Troll in Antarctica. The instrument is calibrated every year against
a
travelling
standard.
Near
real
time
(NRT)
data
are
available
at
http://observatories.nilu.no/Datasets/Radiation/tabid/433/Default.aspx and
http://observatories.nilu.no/Datasets/Ozonestratosphere/Totalozone/tabid/765/Default.aspx.
Spectroradiometers
Spectral UV irradiances (both direct and global scans) are measured daily with the Brewer
instruments at the Department of Physics, University of Oslo, and at ALOMAR.

Calibration activities
The Brewer instruments
The Brewer instrument at the University of Oslo has been in operation since summer 1990,
whereas the Brewer measurements in Northern Norway started in 1994. The International Ozone
Services, Canada, calibrates the Brewer instruments in Oslo and Andøya on a yearly basis, and
the instruments are regularly calibrated against standard lamps in order to check their stability. The
calibrations show that the Brewer instruments have been stable during the years of observations.
Also, the total ozone measurements from the Oslo Brewer instrument agreed well with the Dobson
measurements performed in the 1990s.

1

Dahlback, A. (1996) Appl. Opt., Vol. 35., No. 33, 6514-6521
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The GUV instruments
As a part of the Norwegian FARIN project, described in section 5, a major international UV
instrument intercomparison was arranged. Altogether 51 UV radiometers from various nations
participated, among them 39 multiband filter radiometers (MBFR’s). The instruments were also
characterized on site. In addition to measurements of spectral responses, measurements against
QTH lamps and cosine responses were performed for a selection of instruments. The data are
available
on
the
ftp
server
zardoz.nilu.no
at
NILU,
under
directories
/nadir/projects/other/farin/rawdata and /nadir/projects/other/farin/processed. The main results have
been published by Johnsen et al., International intercomparison of multiband filter radiometers in
Oslo 2005, Proc. of SPIE, 2006, and are expected to appear in a peer reviewed journal in 2008.

RESULTS FROM OBSERVATIONS AND ANALYSIS
Ozone observations in Oslo
In order to detect possible ozone
reductions and trends over Oslo we have
investigated total ozone values from 1979
to 2006. For the period 1979 to 1998 data
Time period
Trend (% per year)
from the Dobson instrument has been
Winter:
December – February
-0.17 (0.11)
applied, whereas for the period 1999 to
Spring:
March – May
-0.22 (0.10)
2006 the Brewer measurements have been
Summer: June – August
-0.02 (0.06)
used. The results of the trend analysis are
Fall:
September – November
-0.08 (0.06)
summarized in Table 1. For spring months
Annual
-0.14 (0.04)
a significant negative trend of –0.22% per
year is observed. For the winter, summer and fall months no significant trends are detected. When
all months are included a significant negative trend of –0.14% per year is observed. The analysis
shows that the low ozone values in the 1990’s strongly contribute to the observed negative trends
in total ozone. For 2006 the annual ozone mean was 1.6% below the long-term annual mean
(based on data from1979-1989).
Table 2: Annual percentage changes in total ozone
over Oslo for the period 1.1.1979 to 31.12.2006. The
numbers in parenthesis represent uncertainty (1σ).

Ozone column variability over Scandinavia and over Oslo in particular, in the summertime has
been related to dynamical variability. For example, an intense low-ozone episode in August 2003
was associated to the severe heat wave over Europe that summer. High tropopause and
anticyclonic anomalies caused westward-propagating, planetary-scale wave trains, extending as
far as eastern Eurasia. These wave trains disturbed even the mid-stratosphere, up to about 30 mb
(Orsolini and Nikulin, 2006 2).

Ozone observations at Andøya
As
mentioned
above,
ozone
measurements in Northern Norway were
performed in Tromsø until 1999 and at
ALOMAR/Andøya from 2000. Correlation
Time period
Trend (% per year)
studies have shown that the ozone
climatology is very similar at the two
Spring: March – May
-0.04 (0.01)
locations and that the two datasets are
Summer: June - August
0.02 (0.04)
Annual (March-September)
-0.02 (0.05)
considered as equivalent representing one
site. For the time period 1979 – 1994 total
ozone values from the satellite instrument TOMS (Total ozone Mapping Spectrometer) have been
used in trend analysis because of insufficient calibration of the Tromsø Dobson instrument before
1991 and low data coverage. The result of the trend analysis is summarized in Table 3. No
significant trends were observed for Andøya for this time period. The small negative ozone trend in
spring is mainly caused by several warm and ozone rich winters after 1998, compensating the
significant negative ozone trend from 1979 to 1998.
Table 3: Annual percentage changes in total ozone
over Andøya/Tromsø for the period 1979 to 2006. The
numbers in parenthesis represent uncertainty (1σ).

2

Orsolini, Y. J. and G. Nikulin, (2006) Quart. J. Roy. Meteor. Soc., 132, 667-680.
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In recent years the historical total ozone series from Tromsø (Fery spectrograph: 1935-1939,
Dobson #14: 1939-1972, 1985-1999) and Svalbard (1950-1962) have been re-analyzed,
homogenized, and evaluated by multi-linear regression methods (Hansen and Svenøe, 2005 3,
Vogler et al., 20063). The analysis revealed a strong influence of the local stratospheric
temperature at the 30 mbar level and a composite influence of climate tele-connection patterns.

UV observations
Table 4: Annual integrated UV doses (kJ/m2) at three stations
during the period 1995 - 2006.
Year

Oslo

Andøya

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

387.6
387.4
253.6
218.5
415.0
267.0
206.5
321.5
248.4
217.7
370.5
228.0
186.1
363.0
239.7
231.0
371.0
237.0
208.6
382.5
260.0
201.8
373.2
243.4
No measurements
373.2
243.7
190.5
No annual UV doses due to calibration campaign

2006

372.4

217.3

Tromsø*

Ny-Ålesund

No measurements

*The GUV instrument at Andøya was operating at Tromsø in the period 1996 –
1999

Annual UV doses for
the period 1995 - 2006 are
shown in Table 3 for the three
GUV instruments located at
Oslo, Andøya and
NyÅlesund. For periods with
missing
data
we
have
estimated the daily UV doses
from a radiative transfer
model,
FastRt,
http://nadir.nilu.no/~olaeng/fas
trt/fastrt.html.
UV
measurements at Ny-Ålesund
were excluded from the
national
monitoring
programme in 2006 due to
lack of financial support.

THEORY, MODELLING, AND OTHER RESEARCH
University of Oslo
Department of Geosciences runs two models to study stratospheric ozone, namely Oslo CTM2
and WACCM. The Oslo CTM2 model is a global three-dimensional chemical transport model
covering the troposphere and stratosphere. The model can be run in different horizontal and
vertical resolution and can be forced by either IFS or ERA-40 data. Two comprehensive and welltested chemistry schemes are included in the model, one for the troposphere and one for the
stratosphere. An extensive heterogeneous chemistry has been included. Photo dissociation
coefficients are calculated on-line. Emissions of source gases are also included. The Oslo CTM2
model is used in various experiments to look at the chemical changes in ozone. Past time slice
runs have used emissions from the Edgar Hyde database to look at the chemical changes up to
present. IPCC SRES scenarios have been used for calculating chemical changes in future ozone.
Because of large uncertainties in future emissions in the source gases, several time slice runs with
different scenarios have been performed. A specific run to look at changes in stratospheric ozone
from 2000 through 2007 has been performed and will be compared with observations.
The WACCM model is a general circulation model (Whole Atmosphere Community Climate Model)
developed at the National Center of Atmospheric Research (NCAR).It is now running at the
University of Oslo. WACCM is a coupled climate chemistry model providing a platform for various
predictions about the interaction between chemistry and climate. It has 66 vertical levels from the
surface through the troposphere, stratosphere and the mesosphere. The model is currently used
with the standard chemistry module, however the scheme from Oslo CTM2 will be included to
make the results compatible with those from the CTM2. We plan to study impacts of climate
chemistry interactions on ozone recovery, and to study the impact of very short lived bromine
source gases on stratospheric ozone.
3
3

Hansen, G., and T. Svenøe, (2005) J. Geophys. Res., 110, no. D10, D10103,doi: 10.1029/2004JD005387
Vogler, C., S. Brönnimann, and G. Hansen (2006) Atmos. Chem. Phys., 6, 4763–4773.
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Department of Physics UV doses are calculated from a radiative transfer model and ozone
measurements from available satellite instruments (TOMS and OMI). The cloud parameterisation
in the model is derived from reflectivity data from the same satellite instruments. The calculated UV
doses are used in UV effect studies, i.e various cancers and Vitamin D production in humans.

Norwegian Institute for Air Research (NILU)
At NILU there has been a main research focus to understand the dynamical influence on the
variability in column ozone, especially at the northern hemisphere at mid and high latitudes.
Satellite validation of ozone profiles and total ozone is also a central activity. Some activities and
results are listed below:









The stratospheric lidar data from ALOMAR have been extensively used for the validation of
GOME and ENVISAT’s atmospheric instruments (GOMOS, MIPAS and SCIAMACHY). This
is described in a series of publications. 4, 5, 6, 7, 8
Leading modes of climate variability have been shown to induce a strong signature on the
trend and year-to-year variability in ozone. These modes include planetary-scale components
of the atmospheric circulation (the North Atlantic Oscillation, the Aleutian-Icelandic Seesaw)
(Orsolini, 2004 9) but also more regional patterns, e.g. those associated with blocking
phenomena (Orsolini and Doblas-Reyes, 2003 10).
The dynamically induced low-ozone episodes (LOE) is studied. Orsolini et al. (2003 11)
explained occurrences of summertime LOEs over the northern high latitudes, and
Scandinavia in particular, and looked at their impact on the UV erythemal dose at the ground.
An intense LOE occurred over Scandinavia during the European Heat Wave of the summer
2003 (Orsolini and Nikulin, 20067).
Orsolini et al., (2005 12) have studied the changes in atmospheric composition (HNO3, NOX),
and ozone depletion occurring in the aftermath of the exceptional autumn 2003 solar storms.
A highly anomalous layer enriched in nitric acid was observed in the upper stratosphere
following the storms, and then slowly descended throughout the winter. Simultaneous
observations of NO2, including the nighttime polar stratosphere, revealed strongly enrichment
of NOX layers following the storms. The formation mechanism for the nitric acid layer does
not seem to involve polar stratospheric clouds or aerosols, but rather, is likely to involve
heterogeneous chemistry on water ion clusters, a relatively new and unknown topic.
Jackson and Orsolini, (2007 13) have developed a new technique for the estimate of ozone
loss in the stratospheric polar vortex based on the assimilation of EOS MLS and SBUV
observations in the Met Office data assimilation system. The method has been used to
assess Arctic ozone loss during the winter 2004/05, and is aimed at better accounting for
mixing and inhomogeneous descent within the vortex. The results show that data

4

Steck, T. von Clarmann, H. Fischer, B. Funke, N. Glatthor, U. Grabowski, M. Höpfner, S. Kellmann, M. Kiefer, A. Linden, M. Milz,
G. P. Stiller, D. Y. Wang, M. Allaart, Th. Blumenstock, P. von der Gathen, G. Hansen, F. Hase, G. Hochschild, G. Kopp, E. Kyrö,
H. Oelhaf, U. Raffalski, A. Redondas Marrero, E. Remsberg, J. Russell III, K. Stebel, W. Steinbrecht, G. Wetzel, M. Yela, G. Zhang,
(2007), Atmos. Chem. Phys., 7, 3639–3662.
5
Iapaolo M., S. Godin-Beekmann, F. Del Frate, S. Casadio, M. Petitdidier, I.S. McDermid, T. Leblanc, D. Swart, Y. Meijer, G. Hansen,
and K. Stebel, (2007) J. of Quantitative Spectroscopy and Radiative Transfer, 107, 105-119.
6
Brinksma, E.J., A. Bracher, D. E. Lolkema, A. J. Segers, I. S. Boyd, K. Bramstedt, H. Claude, S. Godin-Beekmann, G. Hansen, G.
Kopp, T. Leblanc, I. S. McDermid, Y. J. Meijer, H. Nakane, A. Parrish, C. von Savigny, K. Stebel, D. P. J. Swart, G. Taha, and A. J. M.
Piters, (2006) Atmos. Chem. Phys. 6, 197-209.
7
Keckhut, P., McDermid, S., Swart, D., McGee, T., Godin-Beekmann, S., Adriani, A., Barnes, J., Baray, J.-L., Bencherif, H., Claude, H.,
di Sarra, A.G., Fiocco, G., Hansen, G., Hauchecorne, A., Leblanc, T., Lee, C.H., Pal, S., Megie, G., Nakane, H., Neuber, R.,
Steinbrecht, W. and Thayer, J. , (2004) Review of ozone and temperature lidar validations performed in the framework of the NDSC, J.
Environ. Mon., 6, 721-733.
8
Meijer, Y. J., Swart, D. P. J., Allaart, M., Andersen, S. B., Bodeker, G., Boyd, I., Braathen, G., Calisesi, Y., Claude, H., Dorokhov, V.,
von der Gathen, P., Gil, M., Godin-Beekmann, S., Goutail, F., Hansen, G., Karpetchko, A., Keckhut, P., Kelder, H. M., Koelemeijer, R.,
Kois, B., Koopman, R. M., Kopp, G., Lambert, J.-C., Leblanc, T., McDermid, I. S., Pal, S., Schets, H., Stubi, R., Suortti, T., Visconti, G.
and Yela, M., (2004) J. Geophys. Res., 109, D23305, doi:10.1029/2004JD004834, 2004
9
Orsolini, Y. J., (2004) J. Meteor. Soc. of Japan, 82, vol. 3, 941-948.
10
Orsolini, Y. J. and F.J. Doblas-Reyes. (2003) Q. J. of the Royal Meteorol. Soc., 129, 3251-3263, 2003.
11
Orsolini, Y.J., H. Eskes, G. Hansen, U-P. Hoppe, A. Kylling, E. Kyro, J. Notholt, R. Van der A. P. Von der Gathen, (2003) Q. J. R.
Meteorol. Soc., 129, 3265-3276.
12
Orsolini, Y. J., G.L. Manney, M. Santee and C.E. Randall, (2005) Geophys, Res. Lett., Vol. 32, No. 12, L12S01,
10.1029/2004GL021588.
13
Jackson D.R., Y. J. Orsolini, submitted to Quart. J. Roy. Meteor. Soc., October 2007.
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assimilation methods are very promising to potentially lead to more accurate ozone-loss
estimates.
The ozone data from Tromsø have been used to establish a multi-decadal UV climatology at
a nearby site (Skrova, Lofoten) with meteorological information (Engelsen et al., 2004 14). For
the same area UV maps have been derived for the period 1984-2002, based on various
satellite observation data (Meerkötter et al., 2003 15). In the frame of the EU project UVAC it
was found that there is a positive correlation between maximum daily doses around 1 May
and cod recruitment, in contradiction to the work hypothesis assuming a negative influence of
UV on cod eggs and larvae.
The Svalbard ozone data have been used, together with long-term observations of cloud
cover at Hopen Island (Svalbard), to calculate high-Arctic UV climatology. A preliminary
analysis shows that spring UV doses in fact have decreased due to an increase of cloud
coverage which is larger than the simultaneous decrease in ozone (Hansen et al., 2007 16).
NILU in collaboration with the Institute for Community Medicine at the University of Tromsø,
pursue research on the relationship between UV exposure, diet and vitamin D status in
humans and their effects on diseases. The project applies UV simulations based on
meteorological modelling data, UV measurements, questionnaire forms from cohort
investigations, and blood sample analyses. NILU is in charge of health risk assessment for
Europe from UV exposure within the EU project INTARESE.
The effect of UV radiation on atmospheric chemistry is studied in EU and national projects,
e.g. the UV effects on ozone and mercury.

CICERO Centre for International Climate and Research – Oslo
At CICERO changes in the total solar radiation at the surface (Kvalevåg and Myhre, 2007 17) and
UV (Kvalevåg et al., 2008) over industrial areas have been calculated. In the calculations changes
in gases (ozone, CO2, H2O, CH4, NO2, SO2), direct as well as indirect aerosol effect of sulphate
black and organic carbon, surface albedo changes, and contrails are taken into account. For
changes in the total solar radiation at the surface, aerosols is a dominating factor for the dimming
over land areas, but increase in tropospheric ozone, H2O, CH4, NO2 also give a small contribution.
At high latitudes reduced total ozone is causing an increase in the total solar radiation at the
surface (Kvalevåg and Myhre, 200718). The changes in UV follow to a large degree the changes in
the total solar radiation since pre-industrial times, i.e. with increasing values at high latitudes and a
reduction over most land regions. Ozone plays a major role in this pattern, but other gases such
NO2 and SO2 and aerosols significantly contribute to the reduced UV over most land areas
(Kvalevåg et al., 2008 18.)
DISSEMINATION OF RESULTS
Data reporting: Ozone
The complete set of revised Dobson total ozone values from Oslo is available at The World Ozone
Data Centre (WOUDC) http://www.msc-smc.ec.gc.ca/woudc/. There are established daily routines
submitting ozone data from the University of Oslo and from Andøya to WOUDC. The averaged
ozone profiles (2 hours) from Andøya are reported to NDACC twice a year. Preliminary lidar
profiles are reported weekly to GEOMON and quality-controlled data products are submitted
yearly.
NILU has collected ozone measurements from Arctic balloon flights through the Nadir database
since 1988. Files are transferred and stored in the NASA-AMES 2160 format, and an automatic
14

Engelsen, O., G. Hansen, and T. Svenøe. (2004), Geophys. Res. Lett., 31, L12103, doi:10.1029/2003GL019241
Meerkötter, R., J. Verdebout, L. Bugliaro, K. Edvardsen, G. Hansen (2003), Geophys. Res. Lett., 30, 18, 1956, doi:
10.1029/2003GL017850
16
Hansen, G., O. Engelsen, C. Vogler, and S. Brönnimann (2007), Proc. The Polar Environment and Climate – The challenges, EUR
22965 EN, 67-69.
17
Kvalevåg, M. M. and Myhre, G.: (2007) J. Climate, 20(19), 4874-4883.
18
Kvalevåg, M. M., Myhre, G. and Myhre, C. E. L. (2008): Anthropogenic changes in the UV radiation at the surface during the industrial
era, To be submitted, 2008.
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script has been set up to convert incoming data into the CREX format that is used at ECMWF. This
script also performs a series of data quality checks and can do simple corrections on erroneous
input files.

Data reporting: UV
NILU has submitted spectral UV measurements from Norway to the European UV database
(EUVDB). In the framework of the EU project EDUCE NILU has developed quality assurance
software for spectral UV measurements. The QA software is applied automatically to all UV data
submitted to EUVDB. Currently there are Brewer and Bentham UV spectral data from Andøya for
the period 1998-2001 in the database.
Information to the public
Ozone
Daily total ozone values for Oslo are available at http://www.fys.uio.no/plasma/ozone/. The latest
measured raw data profiles and the latest analysed ozone data from the ALOMAR Observatory at
Andøya are available at http://alomar.rocketrange.no/alomar-lidar.html.
UV and ozone from GUV measurements
NILU has developed a web portal for dissemination of UV-observations and UV forecasts for
Norway, http://uv.nilu.no. The content of the UV web pages are:
•
•
•
•
•

UV forecast for three days for user-selected locations in Norway. The UV forecast is given for
clear-sky, partly cloudy and cloudy conditions.
Global UV forecast for common tourist destinations.
Measured UV doses and total ozone values measured at the Norwegian stations.
Facts on UV radiation and the ozone layer.
Information about sun protection for different locations and situations.

The public may receive UV forecasts at user-selected locations by SMS or e-mail. The web
application has been developed by NILU in co-operation with the Norwegian Radiation Protection
Authority, Storm Weather Center, and the Norwegian Pollution Control Authority. In 2006 the
Norwegian Meteorological Institute developed an additional UV forecast service where the weather
forecast is an integrated part of the forecasted UV index.
UV indices and cloud effects measured by a GUV-instrument at the Department of Physics,
University
of
Oslo,
are
presented
and
updated
every
30
min
at:
http://www.fys.uio.no/plasma/ozone/. The observations performed by the Norwegian Radiation
Protection Authority are available at http://www.nrpa.no/uvnett/ together with annual doses and
information on sun protection.
World Meteorological Organisation Ozone Assessment 2006
NILU has contributed to the latest extensive report of WMO on the status of the ozone layer, with
co-authorship of two chapters (Y. Orsolini).

Relevant scientific papers
The ozone and UV measurements performed in Norway give rise to research in collaboration with
national and international partners. The reference list below gives an impression of the
international collaboration and ongoing research in the Norwegian ozone and UV scientific
community since 2004.
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PROJECTS AND COLLABORATION
Norwegian institutions and scientists are participating in numerous international and national
projects. The following section gives an overview of the most important projects related to ozone
and UV research in Norway.

International projects
ASSET: “Assimilation of Envisat data” (ASSET) project (2003-2006) was a major European
initiative in Earth Observation. Its overall rationale was to use the techniques of data assimilation to
develop a European capability for chemical and UV forecasting, and provide analyses for coupled
climate/chemistry studies. The objectives were: (1) assess the strategies for exploiting research
satellite data by the Numerical Weather Prediction (NWP) community, and (2) using this data to
investigate the distribution and variability of atmospheric chemical species. ASSET had several
achievements, some of them firsts in the field; we highlight two: (i) The first implementation of an
algorithm to assimilate limb radiances into a NWP system, demonstrating the feasibility of direct
assimilation of limb radiances; (ii) The first intercomparison of ozone analyses. NILU was a partner
and constructed a database to disseminate the results from the ASSET project to the EO
community. Lahoz et al. (2007), Atmos. Chem. Phys., 7, 1773-1796. Web-site:
http://darc.nerc.ac.uk/asset,
GEOMON Global Earth Observation and Monitoring of the atmosphere (2007-2010) is a European
project contributing to GEOSS. Its mission is to build an integrated pan-European atmospheric
observing system of greenhouse gases, reactive gases, aerosols, and stratospheric ozone.
Ground-based and air-borne data are sustained and analysed, complementary with satellite
observations, in order to quantify and understand the ongoing changes of the atmospheric
composition. The key objectives of the ozone activities are to continue the monitoring of O3, NO2,
BrO, Cly/Fy, T, H2O, aerosol/PSC from ground (NDACC) and space. Further the development of
homogenisation and consistency of time series are central and the identification of links between
stratospheric ozone and climate changes. Both NILU and the University of Oslo (Dep. of
Geosciences) participate in this project. Web-site: http://geomon.ipsl.jussieu.fr/
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NDACC: The Network for the Detection of Atmospheric Composition Change (1991-> present) is a
set of high-quality remote-sounding research stations for observing and understanding the physical
and chemical state of the stratosphere. Ozone and key ozone-related chemical compounds and
parameters are targeted for measurement. The NDAAC is a major component of the international
middle atmosphere research effort and has been endorsed by national and international scientific
agencies, including the International Ozone Commission, the United Nations Environment
Programme,
and
the
World
Meteorological
Organization.
Web-site:
http://www.ndsc.ncep.noaa.gov/
SCOUT-O3: Stratospheric-Climate Links with Emphasis on the Upper Troposphere and Lower
Stratosphere (2004-2008). This is an integrated project funded by EU. The central aim of the
project is to provide scientific knowledge for global assessments on ozone depletion and climate
change for the Montreal and Kyoto Protocols. The SCOUT-O3 project aims to provide new
knowledge for EU and national governments, which could be used to develop the European
position for sustainable development. SCOUT-O3 involves the research efforts of 59 partners with
more than 100 scientific groups; and takes full advantage of new and existing research facilities
developed at a national level. Both NILU and the University of Oslo (Dep. of Geosciences)
participate in this project. Web-site: http://www.ozone-sec.ch.cam.ac.uk/scout_o3/
INTARESE: Integrated assessment of health risks of environmental stressors in Europe (20052009) brings together a team of internationally lead scientists in the areas of epidemiology,
environmental science and biosciences to collaborate on developing and applying new, integrated
approaches to the assessment of environmental health risks and consequences, in support of
European policy on environmental health. NILU is responsible for implementation of the human
health risk assessment of ultraviolet radiation. Web-site: http://www.intarese.org

National projects
ARCTIC_LIS Arctic variability and climate change linked to stratosphere (2007-2011) is a NILUUiO collaboration funded by the Norwegian Research Council. It aims to investigate the impact of
climate change on stratospheric ozone chemistry and transport, especially upon the ozone
recovery, using a comprehensive, stratospheric chemistry model. It will also carry out exploratory
studies on processes, still poorly represented or missing altogether in current chemistry-climate
models, and which will be under scrutiny during the International Polar Year: I) the role of solar
cycle and solar-terrestrial coupling from energetic particle precipitation (EPP), on the stratospheric
ozone and nitrogen chemistry and budget, II) the role of very-short-lived bromine compounds on
polar ozone depletion.
FARIN: Factors Controlling UV radiation in Norway (2002-2006). The Norwegian Research Council
funds the project. The main objective of the project is to quantify the various factors controlling UV
radiation in Norway, including clouds, ozone, surface albedo, aerosols, latitude, and geometry of
exposed surface including a comprehensive instrument comparison with spectral and broad band
meters included in the project. The project applies both UV measurements (including the
Norwegian GUV network) and radiative transfer modelling. Web-site: http://www.nilu.no/farin/
LLAE Light and Life in African Environments (2002-2007). In this project a network of NILU-UV
instruments has been established in the African tropical belt: Serrekunda (Gambia), Kampala
(Uganda), and Dar-es-Salaam (Tanzania). Further, 3 instruments are located in Kilimanjaro
(Tanzania) at 1800 m, 3700 m and 5700 m. Total ozone columns, UV-doses and cloud effects are
derived from the measurements at all sites. The project was funded by Norwegian Council for
Higher Education’s Programme for Development Research and Education. The project continues
in 2008 with funding from internal sources from Department of Physics, University of Oslo.
MAREAS Material fluxes from the Russian Rivers Ob and Yenisey: Interactions with climate and
effects on Arctic Seas (2003-2006). The main objectives of the project are to improve flux
assessments of DOC, nutrients and contaminants from the Ob and Yenisey rivers in Russia and to
study the hydro-optical properties of the Kara Sea. The linkage between DOC, UV light regimes,
primary production and contaminant will also be elucidated.
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MERFATE Occurrence and fate of springtime atmospheric deposition of mercury in the Arctic
(2007-2010), funded by the Norwegian Research Council. Deposition of mercury (Hg) from the
atmosphere to the sensitive polar ecosystems is of particular interest in the Arctic. This is because
studies have indicated the possibility of large depositional fluxes of Hg occurring during the polar
spring (so-called Hg Atmospheric Depletion Events or AMDEs). UV radiation is one of the main
driving factors in these processes and NILU and NTNU pursue further knowledge about this role of
UVR.
SATLUFT Use of Satellite observations in the national and regional assessment of air quality, the
atmospheric ozone layer, ultraviolet radiation, and greenhouse gases (2007-2010). The main
objectives of the project are to use Earth Observation data to improve the national and regional
monitoring and assessment of the stratospheric ozone layer and surface UV exposure, the air
quality in Europe and greenhouse gases. NILU coordinates this project which is funded by the
Norwegian Space Centre and the European Space Agency,
Web-site: http://www.nilu.no/projects/SatLuft/index.cfm
Atmo-TROLL: Atmospheric research and monitoring at Troll – a long-term observational program
(2007-2010). This programme intends to establish new knowledge on annual and short-term
variability as well as long-term changes of climate and pollution parameters. The list of parameters
comprises physical, optical and chemical properties of aerosols, ozone and UV, organic and
inorganic pollution including Hg, CO and NMHC and surface ozone. The project is coordinated by
NILU and funded by The Research Council of Norway.
Web-site: http://observatories.nilu.no/Observatories/Troll/tabid/417/Default.aspx
UTLS-Air: Chemistry in the upper troposphere and lower stratosphere - impact of aircraft emissions
(2003-2006). The overall scientific aim of this project is to improve our understanding of the
processes controlling the chemistry in the upper troposphere-lower stratospheric region with a
special focus on aircraft impact. The present and future impact of aircraft will be studied.
Web-site: http://folk.uio.no/asovde/utls-air/home.html

FUTURE PLANS
A short presentation of future plans are summarised below:

The Quadrennial Ozone Symposium 2008 will be arranged in Tromsø, Norway from June
29th - July 5th. The Symposium is jointly organized by the International Ozone Commission
and the European Commission and the local organising committee is lead by Ivar Isaksen,
Dept. of Geophysics, University of Oslo.

The Tromsø Dobson #14 will be moved to Tibet University, Lhasa, Tibet, probably in 2009.
The Oslo Dobson #56 will be moved to Makerere University, Kampala, Uganda, probably in
2009 (this is managed by Dept. of Physics, University of Oslo).

NILU has deployed a NILU-UV instrument that is installed at the Norwegian Antarctic Troll
Station (71º S). Analysis, further development, and applications of the instrument are planned
for the upcoming years and effect studies are forthcoming.

NILU plans to use multiple information sources (satellite, laboratory data, chemical model,
data assimilation) to quantify uncertainties in key chemical parameters and transport
mechanisms associated with stratospheric ozone chemistry. Multiple assimilation and
chemistry transport model experiments will quantify uncertainties by confronting models with
observations; these uncertainties will be input to multi-model climate-chemistry model (CCM)
experiments. A 12-partner proposal led by NILU has been submitted to FP7.

University of Oslo plans to study impacts of climate chemistry interactions on ozone recovery,
and to study the impact of very short lived bromine source gases on stratospheric ozone.

Adaptation and maintenance of NILU-developed UV radiation simulation software to specific
user needs continues, especially with respect to the popular FastRT model.

Further efforts will be put into the re-evaluation of the Svalbard total ozone data 1950-1962.
More recent data from this site are stored in the WOUDC database (since 1984), but a
comparison with TOMS and SAOZ measurements shows significant offsets. Therefore, these
data should be quality-assessed.
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The historical Dobson ozone time series from Tromsø contains many days where a profile
analysis using the Umkehr method may be applicable. The period prior to 1950 is very
interesting as there were several winters with frequent PSC displays and low ozone values in
late winter. However, for such a study funding has to be secured.
There will be more focus on studies of solar radiation and the aerosols influence on the direct
and diffuse radiation.
There will be more focus on studies of the effects of UV radiation on both biological systems
and materials.

NEEDS AND RECOMMENDATIONS
At present, ozone monitoring has a weak financial basis in Norway. Since the WMO-UNEP
meeting in 2005 the ozone sondes at Ørlandet and UV observations in Ny-Ålesund have been
excluded from the national monitoring programme due to lack of financial support for these
monitoring activities. Also the UV instrument for monitoring BrO/OClO terminated this year due to
low financial support. In order to secure a continuous operation of total ozone monitors and
profiling instruments, predictable multi-annual funding schedules should be established in order to
free operations from additional funding pathways, e.g. satellite validation projects and short-time
research projects. There is a certain need of stable long-term economic support to be able to run
instruments properly and continuously, which rarely are secured through research projects. The reevaluation of the historical ozone series has clearly revealed the need of observational continuity to
establish high-quality long-term data sets, which are essential for climatologically studies in a wider
sense.
We also recommend an even closer international collaboration on UV radiation, particularly with
respect to UV health risk assessment, UV effects, quality assurance of measurements, databases
and forecasting.

****
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PAKISTAN
INTRODUCTION
Pakistan lies in the temperate zone. The
climate is generally arid, characterized
by hot summers and cool or cold
winters, and wide variations between
extremes of temperature at given
locations. There is little rainfall. These
generalizations should not, however,
obscure the distinct differences existing
among
particular
locations.
For
example, the coastal area along the
Arabian Sea is usually warm, whereas
the frozen snow-covered ridges of the
Karakoram Range and of other
mountains of the far north are so cold
year round that they are only accessible
by world-class climbers for a few weeks
in May and June of each year.

PAKISTAN
An agrarian South Asian country
803,943 sq. km

Population 150million

Ozone Layer Depletion is a global problem that is affecting the whole world today. From the global
data coverage and the research conducted by world famous scientists, it is well understood that
ozone layer is being depleted everywhere, but in different magnitudes. From the information we
receive, it is noted that Polar Regions account for major destruction especially the Antarctic
Region. There is also a very large seasonal variation in depletion where the largest ozone hole is
found in spring and summer. In the tropics there is very little seasonal change but the ozone layer
is very thin thought out the year. Change in the mid- latitudes are erratic.
Pakistan ratified the Vienna Convention, the Montreal Protocol, the London Amendment in 1992,
the Copenhagen Amendment in 1995 and the Montreal Amendment-1997 and Beijing
Amendment-1999 in February, 2005. The Ozone Cell was established in the Ministry of
Environment in 1996 for the implementation of the Montreal Protocol. Country Programme was
approved in 1996 and subsequently updated in 2003. As party to the Montreal protocol, Pakistan in
cooperation with other countries is phasing out the consumption of ozone-depleting substances in
an effort to safeguard the ozone layer. Pakistan is not an ODS producing country but imports a few
such hazardous substances to meet its domestic needs. Pakistan has provided financial and
technical assistance to various enterprises for phasing out the uses of ODS and switching over to
the ozone friendly technology in collaboration with the implementing agencies World Bank, UNIDO
and UNDP through Multilateral Fund for the implementation of the Montreal Protocol. CAP, UNEP,
provides compliance assistance to Pakistan.

OBSERVATIONAL ACTIVITIES
Column measurements of ozone and other gases /variables relevant to ozone loss
Pakistan has no adequate facilities for Column measurement of Ozone, as country is still
endeavouring to improve its satellite technology for physical monitoring of stratospheric
substances.
Profile measurements of ozone and other gases/variables relevant to ozone loss
The stratosphere is one of the constituents of thermal structure of the atmosphere. The maximum
concentration of ozone is found at the stratospheric region where it is interacted by many species
including chemical and physical processes. Atmosphere as a whole is an open system that is
regarded as a non linear system and that seems to be complex. Therefore, a non-linear trend is
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plausible to explain phenomenon of ozone layer depletion (OLD). Attention has been paid on
analysis of the major portion of historic data on stratospheric O3 based on ground-based
measurements by the Dobson spectrophotometer. Where in estimated parameters for describing
non-linearity in the process using polynomial trend functions and predicted values are calculated
for the period from 1960 to 1999. Future values for ozone depths are computed till 2006 and
compared with the minor portion of the data set.
The objective of the research is to present the result of an analysis of the Total Ozone Mapping
Spectrometer (TOMS), total ozone data over Pakistan. Ozone measurement from the American
satellite, Nimbus 7 TOMS, which operated from November 1978 through early May 1993 and later
on data from the TOMS on-board the Russian Meteor 3 satellite till Dec, 1994 have been used to
determine trends in total ozone over Pakistan. Both TOMS data records with spectral range 311380 nm, and spectral resolution 1 nm, provide global measurements of total column of ozone on
daily basis. Ozone data from 1995 onwards was obtained from Earth Probe and Japanese
Advance Earth Observation Satellite (ADEOS) measurements, However, data gap existed for the
period between mid 1994 to mid 1995, The reprocessed daily total ozone observations made by
these satellites over Pakistan (Karachi 240N, 670E, Lahore 310N, 74ºE, Quetta 31ºN, 670E,
Chitral 35º N, 71º E) for the period from November 1978 till December 1998 have been used to
investigate total ozone trends. Long term trend estimates obtained from the linear multiple
regression analysis show no significant ozone trend in the south of the county (Karachi), However,
the measurement for mid latitude (Lahore, Ouetta) northern region (Chitral 350N, 710E) have
shown significant negative trend in ozone.
In another study, the tropospheric ozone formation, stratospheric ozone subsidence and its
variation (Seasonal) near and above the ground, temperature and dynamic behaviour of the
troposphere and stratosphere have been explored. Ozone profile are also measured using GPS
based Radiosonde / Ozonesonde balloon sounding system. The flight was carried out at 25’ N and
66º E up to 30-35 Km altitude.
Global environmental issues include ozone layer depletion, global warming, acid deposition,
tropical deforestation, desertification, pollution problems in developing countries, its impacts and
damages affect not only the countries that caused the problems but go beyond their national
boundaries and reached a global scale. These problems are inter- related in a complicated
manner. The loss of ozone high in the atmosphere as consequences of human activities is a
serious global scale environmental problem. Total ozone measurements from Total Ozone
Mapping Spectrometer onboard Nimbus 7 (NASA). Meteor 3 (Russian), and Earth Probe (NASA)
from November 1978-2001 use to determine the quantitative spatial and a temporal resolution of
ozone over the South Asia have been used to investigate total Ozone trends. Long- term trend
estimates obtained from the linear multiple regression analysis show no significant Ozone trend in
the Southern part of Asia However, the measurement for mid latitude and northern region have
shown significant negative trend in ozone.

UV measurements
Ozone Increased surface UV leads to increased troposphere ozone. Ground-level ozone is
generally recognized to be a health risk, as ozone is toxic due to its strong oxidant properties. At
this time, ozone at ground level is produced mainly by the action of UV radiation on combustion
gases from vehicle exhausts.
The depletion of the ozone shield over the Polar regions has raised many questions such as
climate and risks for humans and ecosystems resulting from enhanced UV radiations. The human
exposure to UV radiation may result in many skin and eye disorders. A quantitative relation
between the amount of UV radiation received and its adverse effects needs to be investigated. It is
well known that even if the emission of ozone-depleting substances is halted immediately. The
continuing depletion of the ozone layer will result in several thousands of extra cases of skin
carcinoma. One of the important parameters to determine the extent of the climate change and the
increase in UV radiation in the Asia-Pacific region is to monitor solar radiation (UV radiation) on a
regional basis Minimum UV irradiation has been observed at coastal city of Karachi (24.87ºN,
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67.03ºE) during summer monsoon (July-Aug-Sep) with a cloud cover ranging from 90 to 100% UVB perturbations have also shown ante-correlation with total ozone.

Calibration activities
Calibrations are done on experimental scale for specific research needs, large scale calibrations
are not performed periodically.
THEORY, MODELLING AND OTHER RESEARCH
Pakistan lack in physical infrastructure as well as skilled human resource for the simulation and
mathematical modeling based research in upper atmosphere. The lack of ozone research is due to
various reasons including lack of funding, lack of awareness and interest among the society and
scientists etc. However research at least to measure ozone concentration over Pakistan and the
amount of UV reaching the earth surface is underway.

DISSEMINATION OF RESULTS
The research activity for the upper atmospheric research is almost negligible and results are
disseminated only through the collaborating parties as well as peer reviewed science publications.

Data reporting
Data is reported off and on to the collaborating space research organizations as well as it is
occasionally posted on website, whenever available.
Information to the public
Country has no specific mechanism for public awareness regarding atmospheric forecast.
Nevertheless, the Ozone Cell is conducting awareness programmes using information regarding
amount of ozone over Pakistan and the global pictures provided by researchers from other
countries and the agencies like UNEP and WMO.
Relevant scientific papers
Study of Nonlinear Dynamics of Ozone Layer Depletion for Stratospheric Region of Pakistan using Ground
Based Instrumentation, Ayub Khan Yousuf Zai and Asif Khan.
Long-Term Trends in Total Ozone over Pakistan Using TOMS Data 1978-98 (SUPARCO–Pakistan).
Ozone Bio-monitoring in Punjab, Prof. Dr. S. Razi Abbas Shamsi.
A Quantitative Study of Effects of Ozone Layer Depletion on Marine Organisms with Reference to Coastal
Region of Pakistan, Muhammad Ayub Khan Yousafzai, University of Karachi/ Institute of Space and
Planet Astrophysic.
UV Insulation Monitoring in Asia--Pacific Region (SUPARCO-Pakistan).

PROJECTS AND COLLABORATION
Pakistan does not possess adequate facilities for upper atmospheric research. Space and Upper
Atmosphere Research Council (SUPARCO) is the only public sector organization of satellite
research and development. Thus a project titled “Long-Term Trend in the Total Ozone over Asia
using Satellites and Balloon Based Ozonesonde" is underway but the outcome of research is not
very presentable at any international forum.
Research is also underway for “UV Insulation monitoring in Asia-Pacific Region”. The sole
organization has collaborations with:•
•
•

Asian Association for remote sensing (AARS).
Asia Pacific Space corporation Organization (APSCO).
Committee on Space Research (COSPAR).
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FUTURE PLAN
•
•
•
•
•
•

Monitoring of ozone profile over the country.
Study on atmospheric chemistry in relation to ozone layer depletion and climate change.
Participate in the international inter-comparisons of Dobson Spectrophotometer, Brewer
Spectrophotometer and Ozonesonde.
Develop biological system to monitor UV-B.
Research on impact of UV-B on human health and eco-systems.
Develop climatic models to predict the climatic change over Pakistan.

NEEDS AND RECOMMENDATIONS
UV Monitoring Network
A satellite-based UV monitoring network can be useful to observe the distribution of the solar UV
insulation over a large area and its seasonal dependence. The salient features of such programme
can be the determination of seasonal trends and the variations in the distribution of solar UV
radiation. Such a network would help arriving at representative models of UV radiation incidence
and would enable the study of the temperature and dynamic behaviour of the troposphere and
stratosphere providing ground truth information for the calibration and verification of remote
measurements using satellite, radar.
Ozone Research Talent Pool
Pakistan and most developing countries desperately need some sort of human resource talent pool
motivating the young talent for Ozone research. Therefore, a strategy may be evolved at South
Asia Ozone Network level at least to encourage scientific talent in these countries for Ozone
related research.
Training of Ozone Research Managers
Since Ozone research is not of much interest for corporate / business companies, therefore, there
are least opportunities for training in frontier technologies in Ozone research. Therefore, a periodic
research training fellowship is needed to be offered to developing countries, so that appropriate
skilled researchers pool can be built in developing countries. The Ozone Research Managers
meeting may recommend to the Meeting of Parties for taking decisions to request Parties to
provide adequate support to continue the present activities and to carry out future plans.
Monitoring Stations
It will be useful and necessary to set up few monitory stations in the country. These stations can be
also linked to the global network of monitoring station so that researchers can exchange global
data and information. It is hoped that Pakistan scientists working in the field of environment will
take part in this very important exercise.
Bilateral Assistance
Developed countries may consider having bilateral assistance programme with developing
countries to strengthen ozone and UV-monitoring and research system. UNEP networking system
may also include ozone and UV monitoring activities in their agenda.
****
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POLAND
In Poland, ozone and UV monitoring and related research activities are conducted by the Institute
of Meteorology and Water Management (IMWM), and Institute of Geophysics of the Polish
Academy of Sciences (IGfPAS). The ozone and UV-B monitoring and research, carried on in both
Institutes, are supported by: Chief Inspectorate for Environmental Protection; National Fund for
Environmental Protection and Water Management; Ministry of the Environment.

OBSERVATIONAL ACTIVITIES
Column measurements of ozone and other gases/variables relevant to ozone loss
Institute of Geophysics of the Polish Academy of Sciences
Measurements are carried out at the Belsk Observatory (51° 50' N. 20° 47'E). Since 1963 total
ozone measurements and Umkehr series have been performed by means of the Dobson
spectrophotometer No. 84. In 1991 Brewer spectrophotometer No. 64 was installed. Total ozone
and Umkehr profile series have been re-evaluated in 1983 and 1987 respectively.
The surface ozone measurements with Monitor Labs, ML8810 meter started in 1991, and since 1992
NOx measurements have been performed with Monitor Labs, (ML8841) meter.
Institute of Meteorology and Water Management
Surface ozone measurements with Monitor Labs. ML9810 are performed at 3 stations: Leba
(54.75N, 17.53E) Baltic Coast, Jarczew (51.81N, 21.98E) Centre of Poland, Sniezka (50.73N,
15.73E) Sudety Mountains.
Profile measurements of ozone
Institute of Meteorology and Water Management
The ozone soundings have been performed at Legionowo (52.40N, 20.97E) upper-air station since
1979. Up to May 1993 the OSE ozone sensor with the METEORIT/MARZ radio sounding system
was used. Later on the ECC ozone sensor and DigiCora/RS80/92 radio sounding system of
Vaisala is in use. The ozone soundings are launched regularly on each Wednesday. Legionowo is
a complimentary station of the global NDAAC/NDSC ozone sounding network. Ozone sounding
data from Legionowo are submitted to the NDSC database.
•
•

The Legionowo ozone profiles were used in the validation procedures of ozone profiles
derived from satellite projects: MIPAS, SCIAMACHY and OMI.
Since 1993, on the base of the NOAA/TOVS satellite data, total ozone maps over Poland and
surroundings have operationally been performed at a Satellite Remote Sensing Center of
IMWM in Krakow.

UV measurements
Broadband measurements
Broadband UV Biometers model SL 501 vers. 3 have been used for UV measurements at three
IMMW stations in Poland: Leba (54.75N, 17.53E), Baltic Coast, Legionowo (52.40N, 20.97E),
Centre of Poland, Zakopane 857m, Tatra Mountains (49.30N, 19,97E). The UV measurements on
the Henryk Arctowski Polish Antarctic Station (62°09'41''56/S, 58°31'49''99/W) with SL501 were
performed in 2005-2007.
Systematic measurements of ground level ultraviolet solar radiation (UV-B) with the RobertsonBerger meter have been carried out at Belsk station since 1975. In 1992 UV Biometer SL501A ,
and in 2005 Kipp and Zonen UV-S-AE-T broadband radiometer were installed. The UV monitoring
has been conducted at Polish Polar Station at Hornsund, Svalbard since 1996.
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Narrowband filter instruments
Two NILU-UV spectral filter instruments, installed at IMWM station Legionowo, measure the UV-B,
UV-A, total ozone and cloud transmission.
Spectroradiometers
Spectral distribution of UV radiation has also been monitored with the Brewer spectrophotometer at
Belsk.

Calibration activities
The Dobson and Brewer spectrophotometers are regularly calibrated. The recent calibration of the
Dobson instrument took place in 2005 at Hohenpeissenberg, and Brewer instrument was
calibrated against Brewer#17 maintained by International Ozone Corporation, in 2007 at Hradec
Kralove. The next calibration of Brewer and Dobson spectrophotometers is planned in 2008 and
2009 respectively.
The reference UV Biometer model SL 501 for the IMWM network took part in the calibration
campaign in El Arenosillo Spain. Since 2001 the NILU-UV spectral filter instrument has been each
year calibrated at NRPA, Norway.

RESULTS FROM OBSERVATIONS AND ANALYSIS
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Monthly mean values of total ozone at Belsk.

RESEARCH
Institute of Meteorology and Water Management
Ozone and UV research activities are carried on in the Centre of Aerology in Legionowo in cooperation with the Satellite Remote Sensing Center in Krakow.
•
The ozone research studies focus continuously on the long term changes in ozone profile.
During last ten years an ozone increase in the middle stratosphere was detected. Reasons
for fast significant ozone increase in the lower tropospheric ozone are also examined.
•
Legionowo is often located at the border of the polar vortex and since 1995 participates in
MATCH campaigns (statistical evaluation of ozone chemical destruction in Polar Vortex).
Episodes of serious ozone deficiencies, observed during the displacements of the cold polar
vortex in the winter/spring seasons: 1995/96, 1999/2000, 2004/2005 and 2007/2008, have
been studied.
•
Participation in preparation of the Scientific Assessment of the Ozone Depletion 2006.
•
During the last years, UV research activities were directed mainly on UV reconstruction within
COST 726 Action ‘Long term and variability UV radiation over Europe’. The IMWM
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•
•

reconstruction model participated in comparison of UV reconstruction models from EU and
showed very good results. Reconstructed UV series over Poland have shown a significant
increase of daily UV doses since the1960s.
Investigation on UV radiation weighted with action spectra: erythemal, previtamin D3, SCUPH against total ozone and solar zenith angle.
The UV Measurements on the Henryk Arctowski Polish Antarctic Station with SL501 have
been analyzed for the 2005-2007 period.

Institute of Geophysics of the Polish Academy of Sciences
The ozone research activities mainly focus on statistical analyses (trends) on local and global
scale, and methodology of ozone measurements. The changes in the ozone layer over middle
altitudes are examined in connection with changes in the dynamic factors characterizing the
atmospheric circulation in the troposphere, the lowermost stratosphere, and the stratospheric
overworld. The problem of the gradual recovery of the ozone layer in the atmosphere is also
investigated. The study is focused on the role played by the dynamical factors in ozone variability,
because natural dynamical processes in the Earth’s atmosphere can perturb the recovery of the
ozone layer.
Statistical analyses have been applied to the gridded monthly means of total ozone from combined
TOMS and SBUV measurements (version 8 of the data) for the period 1978-2003 [Krzyscin 2006].
The study is focused on the detection of a change in the trend pattern by searching for a
turnaround in the previous downward trend. The ozone time series have been examined
separately for each grid point and season, taking into account the various descriptions of the trend
term: double-linear, proportional to the index of the overall chlorine content in the stratosphere, and
a smooth curve without an a priori defined shape (the output of the regression model The
multivariate adaptive regression splines methodology is used to find an optimal set of the
explanatory variables and shape of the trend curve. The statistical errors of the models' estimates
have been calculated using block bootstrapping of the models' residuals. The results appear to be
consistent among models using different formulations of the trend pattern. The 2003 level of total
ozone after the removal of the variations due to the parameterized dynamical/chemical forcing on
the ozone is still below the long-term (1978-2003) mean level over the extratropical regions. The
deficit is ~2-5% in the NH and much larger in the SH and exhibits clear seasonal variability, ~15%
in autumn, ~10% in winter, and ~-5% in spring and summer. The present total ozone level is higher
beyond the tropics than that in the mid 1990s but it is too early to announce a beginning of the
ozone recovery there because of the trend uncertainties, due to errors of the regression estimates
for individual grid points and longitudinal variability of the trend pattern. A rigorous statistical test
has shown the statistically significant turnaround for some grid points over the extratropical region
and a deepening of the ozone negative trend has not been found for any grid point.
Factors influencing the UV radiation (ozone content, aerosol, cloudiness) are studied, with
particular emphasis on the response of UV radiation to forcing factors, at various time scales. In
the studies of the UV-B variability advanced statistical methods such as wavelet decomposition
and multivariate adaptive regression spline are used. The UV Spectrum Reconstruction Model,
was elaborated and used for reconstruction UV radiation in the past.

DISSEMINATION OF RESULTS
Data reporting
The ozone data taken at Belsk are regularly submitted to the World Ozone and Ultraviolet
Radiation Data Centre in Toronto. The mean daily values of total ozone are also submitted
operationally to the Laboratory of Atmospheric Physics, Aristotle University of Thessaloniki,
Greece.
The ozone sounding data from Legionowo are submitted to the WMO Ozone Data Centre regularly
on monthly schedule, and operationally to the Data Base at NILU (Norway).
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Information to the public
•
Since 2006, an operational monitoring of UV Index from the IMWM network consisting of 6
stations has been published on www.imgw.pl.
•
Since 2000, the UV Index forecast for Poland has been available from May to August on the
IMWM home page.
Relevant scientific papers
Krzyścin, J.W., and Rajewska-Więch, B., Preliminary comparison of the ozone vertical profiles from Umkehr
and ozonesonde measurements over Poland with EOS-MLS Aura spacecraft overpasses, 2004-2005,
International Journal of Remote Sensing, vol.28, 6, 2007, pp. 1089-1100.
Krzyścin, J.W., Krizan, P., and Jarosławski, J., Long-term changes in the tropospheric column ozone from
the ozone soundings over Europe, Atmospheric Environment, 41, 2007, 606-616.
Krzyścin, J.W. Change in ozone depletion rates beginning in the mid 1990s: trend analyses of the
TOMS/SBUV merged total ozone data, 1978-2003, Annales Geophysicae, 24, 2006, 493-502.
Białek, M. Long-term changes (1980-2003) in total ozone time series over Northern Hemisphere
midlatitudes, Acta Geophysica, 54, 1, 2006, 60-70.
Krzyścin, J.W., Jarosławski, J., and Rajewska-Więch, B., Beginning of the ozone recovery over Europe? –
Analysis of the total ozone data from the ground-based observations, 1964-2004: Annales
Geophysicae, 23, 2005, 1685-1695.
Jarosławski, J., and Krzyścin, J.W., Importance of aerosol variations for surface UV-B level, Analysis of
ground-based data taken at Belsk, Poland, 1992-2004, Journal of Geophysical Research, vol. 110,
D16201, doi. 10.1029/2005JD005951, 2005.
Krzyścin J.W., Eerme, K., and Janouch, M., Long-term variations of the UV-B radiation over Central Europe
as derived from the reconstructed UV time series, Annales Geophysicae, 22 2004, 1473-1485.

PROJECTS AND COLLABORATION
Institute of Geophysics of the Polish Academy of Sciences and Institute of Meteorology and Water
Management participate in COST 726 Action. The main objective of the Action is to advance the
understanding of UV radiation distribution under various meteorological conditions in Europe in
order to determine UV radiation climatology, and assess UV changes over Europe.

FUTURE PLANS
Continuation of the current monitoring and research and:
•
Installation of the sun-tracker for measurements of diffused radiation with multi-channels and
broadband instruments (IMWM).
•
Measurements of total ozone with multi channel with NILU UV in the meridional cross section
of Poland (Leba - on the Baltic coast, Legionowo- midland, and Zakopane – the Tatra
mountains) (IMWM).
•
Investigations on mutual relation of tropopause and ozonopause heights over Central Europe
(IMWM).
•
Climatology of UV radiation over Poland and evaluation of different biological UV action
spectra (IMWM).
•
Umkehr measurements of the vertical profile of ozone with use of the Brewer
spectrophotometer (IGfPAS).
•
Investigation of the effect of UV radiation incident on inclined surface of various orientation.
(IGfPAS).

NEEDS AND RECOMMENDATIONS
An additional Brewer spectrophotometer with double monochromator would make possible the
extension of monitoring of ozone and UV programme.

****
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PORTUGAL
INTRODUCTION
In the national report of Portugal, presented in the 4th meeting of ozone research managers of the
Parties to the Vienna Convention for the Protection of the Ozone Layer, Geneva, 28-30 April 1999
a historical review on the ozone and UV-B observations in Portugal was given.
In this report, the main activities and results obtained in the period 1999-2008 will be presented.

OBSERVATIONAL ACTIVITIES
As national authority on meteorological domain, the Portuguese Institute of Meteorology (IM) has
followed the long term total ozone observations carried out since 1960 and total ozone and UV
monitoring continues, despite the significant decrease of available personnel for instruments
operation and data processing during last 10 years.

Column measurements of ozone
The current Portuguese total ozone network comprises 3 stations:
Table 1. Total ozone instruments currently in operation in Portugal.
Station
Instrument
Start year
Lisbon
Dobson #013
1960
Brewer #047
2000
Funchal
Brewer #048
1989
Angra do Heroísmo
Brewer #102
2004

covering a wide geographical area of about 1.7 106 km2 of Eastern North Atlantic region (figure 1)

Figure 1:

Portuguese total ozone stations.

The current Dobson observational programme includes hourly C, D and A pairs DS or ZS
measurements performed every day. Brewer spectrophotometers located at Lisbon and Funchal
are used for routine total ozone and SO2 measurements (DS and ZS) and results are sent daily to
the WMO Ozone Mapping Center. Brewer instrument located at Angra do Heroísmo (Azores Is.)
station should be integrated on the GAW network after some operational improvements at the
station, but basically with the same observational schedule.
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Profile measurements of ozone
No regular ozone sounding programme is currently carried out in Portugal, however an intensive
campaign performed on 2001 spring (Apr.-May) with simultaneous soundings in Lisbon, Funchal
(Madeira Is.) and Lajes (Azores Is.) upper air stations (ROCA II), using Brewer-Mast ozone
sondes, showed the impact of UTLS dynamics on ozone vertical distribution changes (figure 2).
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Figure 2:

Left: Ozone profile measured at Lisbon on 02.05.2001, showing a second upper
troposphere maximum; Right: Ozone sonde launching at Lisboan upper air
station.

UV measurements
Global UV radiation measurements have been done using spectroradiometers (Brewer MKII) but
also broadband detectors (figure 3). Broadband measurements were carried out with Solar Light
501 UV-Biometer detectors during a research project during near two years (2000-2001).
Currently, only spectral measurements are done at the three ozone stations referred above. Since
June 2004, a Brewer spectrophotometer MKII was re-installed at Angra do Heroísmo (Azores Is.)
resuming the measurement programme previously done on 1992-1997.

Figure 3:

UV spectral-broadband network (200-2001).

Broadband measurements
Broadband UV measurements were carried out using Solar Light 501 UV-Biometer in the scope of
a national funded project (HARTLEY) during 2000-2001. The detectors were located at 4 weather
stations near the shore: Viana do Castelo, Coimbra, Sines and Faro. Data collected at the stations
were transmitted daily to a central computer by modem phone lines.
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Portuguese UV time series are too short for trend studies, however they are very useful for
comparison with another sites and with model results. Annual maxima measured UV index values
usually ranges from 10 to 11 at (figure 4) mainland and 12 at Funchal. While moderate values
started earlier in southern regions, high values (7 ≤ UVI ≤ 8) started almost at the same time on
summer.
360

360

12

330

11

300

10

270

10

240

9

240

9

210

8

210

8

180

7

180

7

300

Dia do Ano

270

6

150

5

120

30
2

4

6

8

10

12

14

16

18

20

11

6

150

5
4
3

2

60

2

1

30

1

0

22

12

90

3

60

13

120

4

90

0

Dia do Ano

13

330

0

2

4

6

Hora (TUC)

Figure 4:

8

10

12

14

16

18

20

22

0

Hora (TUC)

Hourly variation of UV index with the day of year at Viana do Castelo (left) and
Sines (right).

Results over almost two years had shown a reasonable good agreement with clear sky model
(MESTRAD) over 37ºN-42ºN latitude range (figure 5). However, measured UVI was sometimes
higher than modeled in spring and early summer.
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Figure 5:

Measured (shaded) and modelled (contour) UVI distribution with day of year and
latitude (37ºN-42ºN).

Spectroradiometers
Global UV spectral measurements have been done since 1990 (Funchal) with a Brewer MKII (290325 nm). Spectral UV measurements were resumed in Lisbon on June 2000, continuing the
measurements started on 1989-1992. Later, in June 2004, a Brewer spectrophotometer MKII was
re-installed at Angra do Heroísmo (Azores Is.) resuming the measurement programme previously
started on 1992-1997. Preliminary results showed that Brewer UVI values are generally higher
than SL500 but closer to the model results using actual total ozone measurements (figure 6).
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Figure 6:

Observed (circles) Brewer and SL500 and modelled (solid line) UVI daily values
at Lisbon (1999-2001).

Calibration activities
Since 1999, the Portuguese ozone and UV instruments have participated in several
intercomparison campaigns in Europe (table 2).

Instrument
SL501 #3749
Dobson #13
Dobson #13
Brewer #047
Dobson #13
Brewer #102
SL501 #3749

Figure 7:

Table 2: International Intercomparison/Calibration campaigns.
Place
Campaign
Year
Thessaloniki
COST 713
1999
Hohenpeissenberg
WMO
2000
Hohenpeissenberg
WMO
2004
Lisbon
QUASUME
2004
El Arenosillo
WMO/Iberonesia
2007
El Arenosillo
WMO/Iberonesia
2007
El Arenosillo
WMO/Iberonesia
2007

Type
UV
Total ozone
Total ozone
UV
Total ozone
Total ozone/UV
UV

El Arenosillo Intercomparison - Campaign September 2007 (Brewer set up).

RESULTS FROM OBSERVATIONS AND ANALYSIS
Total ozone observations were analyzed to evaluate potential stratospheric intrusion events over
Portugal (STRATOZON project). Results showed that total ozone daily changes are more frequent
in Funchal (Madeira Is.) than in mainland (Figure 8).
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Figure 8:

Histogram of number of days with total ozone consecutive difference classes.

THEORY, MODELLING, AND OTHER RESEARCH
Total ozone and global radiation measurements have been used to derive UV radiation from
simplified transfer models (figure 9).

Figure 9:

Brewer UVI observed values vs estimated values from observed global
observations and modeled cloudless global and UV (Angra do Heroismo, 20042007).

DISSEMINATION OF RESULTS
Data reporting
Total ozone data from Lisbon and Funchal has been submitted daily to the World Mapping Center
(LAP-AUTH). Processed and corrected data have been submitted with some delay to the WOUDC.
UV spectral data have been submitted to the EDUCE database.
Information to the public
The interest of the public on the UV index information has increased in Portugal. Dissemination of
current ozone and UVI information in Portugal is done at the Portuguese Institute of Meteorology
webpage www.meteo.pt. (figure 10). UVI forecasts are based on the products disseminated by the
WMO UV specialized regional centre (DWD).
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Figure 10:

Yesterday’s UVI observed values (left) and today’s forecasted (right) UVI for
mainland and islands.

PROJECTS AND COLLABORATION
During this period, the Portuguese IM has participated in several national, European international
projects related with ozone and UV fields:

National Projects:
ROCA II
HARTLEY
STRATOZON
CLIMAAT
CLIMARCOST
International Projects
COST 713
COST 723
COST 726
Iberonesia
EDUCE
QUASUME
Pico-NARE (IGAC)
****

261

SAMOA
BACKGROUND
The Government of Samoa acceded to the Vienna Convention for the Protection of the Ozone
Layer and the Montreal Protocol for the Phase-out of Ozone Depleting Substances (ODS) in 1992.
Samoa acceded to all the amendments of the Montreal Protocol in 2001. Samoa ratified the
Vienna Convention 1985, Montreal Protocol 1987, London Amendments 1990, Copenhagen 1992,
Montreal 1997 and in Beijing 1999.
Samoa does not have a research centre to undertake any research activities of the Ozone Layer.
However we wish to have the necessary equipments in the future to have observations of the
Ozone in the Country.

LEGISLATIVE FRAMEWORK
The existing legislative framework under which the Government Action Plan for ODS phase-out
includes:
•
Vienna Convention for the Protection of the Ozone Layer.
•
Montreal Protocol on Substances that Deplete the Ozone Layer and Amendments.
•
The Lands, Surveys and Environment Act 1989.
•
The Customs Act (Amendment) 1984.
•
National Policy for the Protection of the Atmosphere 2004.
•
Protection of the Ozone Layer Regulations 2006.
The above-stated international agreements and Acts form the basis for the implementation of the
Institutional Strengthening Programme of the Montreal Protocol.
“The Ozone Layer Protection Regulation 2006” is the existing legal mechanism used in monitoring
the licensing system which was enforced on the 1st September 2006. With the Regulations in place
it has made the implementation of the licensing system effective and this legal mechanism has
made it possible to carry out all the required obligations of the Samoan government under the
Montreal Protocol. The Licensing system is now controlling and monitoring the implementation of
the Protection of the Ozone Layer Project thus meeting Samoa’s obligations under the Montreal
Protocol.

LICENSING SYSTEM
The licensing system is currently being implemented. Enforced on the 1st September, importing
companies are being registered accordingly to the required conditions. And with the regulations in
place it has made it effective to enforce this system having all the appropriate actions to be done
on any non-compliant company or individuals towards any requirements for the license system or
the regulations.
Please find below activities that are being carried out for Ozone Layer Projection in Samoa.

CURRENT ACTIVITIES







Enforcement of the ODS monitoring system.
MAC retrofit incentive programme and R&R project with UNDP.
Training of R&A/C technicians and auto mechanics.
Initiate and support the operation of Refrigeration Association.
Training of the Custom Officers for Controlling and Monitoring of ODS at check points.
Organize meetings with Ministry of Environment, Ministry of Commerce, Customs and Excise
Department, and other relevant stakeholders to discuss the implement and enforcement of
ODS monitoring and control system.
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Coordinate with Commerce Ministry of Finance and Ministry of Public Works and Transport,
and its provincial departments on the prohibition of import and of equipment relying on CFCs
to enter the country as well as the prohibition of registration car equipped with the CFCs that
was put in place on 01 Jan 2006.
Organize regularly workshop/seminars on the ozone issues for the local authorities, for ODS
importers and for servicing.
Conduct mass media awareness with emphasis in the refrigeration servicing sector
technicians in the whole country.
Intensify exchange of information and experiences with countries within SEAP and SA
Network and with other implementing agencies.
Reporting of the consumption data to the Ozone Secretariat as per reporting requirements of
Article 7 of the Protocol by 30 September (if possible by 30th June) each year for the previous
year data.
Reporting of progress on country Programme implementation to the Multilateral Fund
Secretariat by 1May each year for the previous year data as per Decision 13/193 of
Executive Committee.

PLANNED ACTIVITIES


To review existing Atmospheric Policy and the Protection of the Ozone Layer Regulations
2006, design of and implementation support for additional regulatory interventions that may
be required for implementation of Montreal Protocol in Samoa.



To strengthen the national capacity for enforcing regulations, through expanding training and
equipment support for officers from Customs Division, Ministry of Revenue and other
organizations including the Ministry of Agriculture’s Quarantine Division.



To develop a mechanism for sharing information and data from the enforcement departments
with the other stakeholder ministries, for more effective tracking and monitoring of ODS trade
and use.



Promoting and supporting the establishment of a national association for the refrigeration and
air conditioning servicing industry.



Expansion of the technician training programme in good practices in servicing to cover an
additional 100 technicians.



Provide a refresher training programme for trainers from the Samoa Institute of Technology
(SIT) and technicians who were trained under the RMP to keep them abreast of the latest
technologies and practices in refrigeration servicing including servicing of non-ODS
equipment.



Incorporate UNEP and other relevant training materials on good practice into Samoa Institute
of Technology (SIT) national training curricula.



Strengthening and support the NOU to register and certify all practicing refrigeration
technicians in Samoa.

The Government of Samoa in close collaboration with UNEP will continue to comply with the
Vienna Convention and the Montreal Protocol in meeting all the requirements for the protection of
the ozone layer. Thus we are willing to receive information and help in designing a research centre
in the country as well as the expertise from existing research centres around the World.

****
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SLOVAKIA
OBSERVATIONAL ACTIVITIES
Column measurements of ozone
Since August 1993 Brewer ozone spectrophotometer MKIV No.097 has been operated at the
Global Ozone Observing System (GOOS) station No. 331 Poprad-Ganovce (49.03N, 20.32E,
706 m a.s.l.). The station is a part of the Aerological and Radiation Centre (ARC) of the Slovak
Hydrometeorological Institute (SHMI). ARC is also performing upper-air measurements and
conducting SHMI solar radiation network. Poprad-Ganovce is the Global Atmosphere Watch
(GAW) regional station for the total column ozone monitoring.
Profile measurements of ozone
Morning Umkehr vertical ozone profile measurements have been made with the Brewer
spectrophotometer by proper weather conditions since August 1993. Every year about 150 Umkehr
profiles have been taken and files are available to process.
UV measurements
Broadband measurements
At present the Slovak UV-B network consists of five stations. Four of them are equipped with
SOLAR Light 501 UV Biometers. Three stations belong to SHMI (Bratislava 48.17N, 17.12E,
287 m a.s.l., in operation since 1997, Kosice 48.70N, 21.27E, 230 m a.s.l., since 1998, PopradGanovce, since 1999) and one station situated in mountains belongs to the Geophysical Institute of
the Slovak Academy of Sciences (GISAS) (Skalnate Pleso, 49.20N, 20.23E, 1778 m a.s.l., in
operation since 2001). GISAS also measures the global ultraviolet radiation with Eppley UVradiometer model TUVR for the wavelength range 290-385 nm located at Stara Lesna (49.15N,
20.29E, 808 m a.s.l., in operation since 2002).
Narrowband filter instruments
No UV narrowband instruments are installed at SHMI and GISAS stations.
Spectroradiometers
Spectral measurements of the solar UV-B radiation (in the region 290-325 nm at 0.5 nm
increments) have been performed with the Brewer spectrophotometer at Poprad-Ganovce since
August 1993. Observations are scheduled at regular time intervals. Poprad-Ganovce is GAW
regional station for the spectral UV-B monitoring.

Calibration activities
The Brewer No.097 is regularly calibrated against World Travelling Standard Brewer No.017 every
two years. Last international comparison and calibration was held at Hradec Kralove in May 2007.
The ARC maintains the SL 501 UV Biometer designated as the national reference instrument. The
instrument is compared with the Czech reference UV Biometer during the Brewer calibration
campaigns. In 2006 the Slovak reference instrument took part in the international calibration held
at WRC Davos.

RESULTS FROM OBSERVATIONS AND ANALYSIS
Figure 1 shows seasonal means of total column ozone at Poprad-Ganovce. Trends in total ozone
for the period 1994-2007 are positive except for autumn. In contrast with the negative trend
reported 3 years ago higher ozone in most of last ten years started to compensate very low ozone
in period 1995-1997.

264

390

370
y = 0 .6 0 2 4 x + 3 5 6 .1 2

Ozone [D.U.]

350
y = 0 .5 9 3 4 x + 3 2 7 . 5 7

330

310

y = 0 .2 0 0 1 x + 3 2 4 .2
y = 0 .2 6 2 9 x + 3 2 0 .1 1

290
y = - 0 .0 7 6 8 x + 2 8 9 .7 8
270
1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

Year
W in te r

S p rin g

Sum m er

A u tu m n

Year

L in e a r (Y e a r)

L in e a r (S p rin g )

L i n e a r ( W in t e r )

L in e a r (S u m m e r)

L in e a r ( A u t u m n )

Figure 1: Seasonal trends in total column ozone at Poprad-Ganovce 1994-2007.

Months with most significant positive and negative trends in total ozone are in Figure 2. In March
and June positive trends of almost 10 D.U. per decade were observed. Total column ozone was
low during first half of the investigated period in June. Average ozone loss was about 10 per cent.
Since 2001 ozone layer in June has improved however total column ozone amount is still about 5
per cent below long term average. Positive trend of 5 D.U. per decade was observed also in
February in which big variability in total ozone is typical. In investigated period negative trends in
total column ozone from -3 to -4 D.U. per decade were observed only in September, October and
December.
Observations at Poprad-Ganovce indicated that the ozone decline does not continue. The onset of
ozone increases should be identified in present period which is in accordance with most of models.
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Figure 2:

Months with significant trends in total column ozone at Poprad-Ganovce 19942007.
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THEORY, MODELLING AND OTHER RESEARCH
A model of daily total ozone for Poprad-Ganovce station was created as the sum of two
independent models: (1.) model of the monthly total ozone values, (2.) model of daily total ozone
deviations from the monthly average. Parameters tested before inclusion into the monthly total
ozone model were: ozone-depleting substance concentration in the stratosphere expressed by
equivalent effective stratospheric chlorine (EESC), stratospheric aerosol, index of quasi-biennial
oscillations (QBO), index of North Atlantic oscillation (NAO), solar activity expressed by sun spot
number (SSN) and upper-air data (height of tropopause for January–February, temperature at
700 hPa level for December and difference between 100 hPa and 250 hPa isobaric level heights
for the other months). Analysis of the Hradec Kralove monthly total ozone showed that
concentration of ozone-depleting substances in the stratosphere, NAO-index and upper-air
parameters belong to the best proxies of the total ozone nearly during the whole year. Aerosol
plays significant role in long-term total ozone variability in December and January. Solar activity
variations affect the total ozone values in April-July. QBO index does not affect the total ozone
variability significantly during any month except for February. Comparison of monthly total ozone
trends determined from modelled and measured 1970 - 2000 time series showed descending trend
of total ozone during all months, the largest total ozone decrease was detected in April and June,
but the most significant linear decrease of total ozone was determined in January and October.
Difference between modelled and measured total ozone trend was below 0.3 %. Short-term total
column ozone variability was modelled using upper-air proxies only. The error of final model of
daily total ozone was of 6 %. Coefficient of determination between measured and modelled 1993 2004 total ozone was of 0.86.
Maps of the solar erythemal ultraviolet (UV) radiation daily doses were created for every month
with horizontal resolution of 500 m at geographical domain 47.15N – 49.86N x 16.94E – 22.81E
covering the territory of Slovakia. Cloud modification factor (cmf) for the UV radiation was modelled
utilizing relation between the cmf of total and UV radiation. Measurements of total ozone performed
with Brewer spectrophotometer at Poprad-Gánovce (inside the investigated domain) were
considered representative for selected geographical area. Information on snow cover presence
was the only meteorological parameter used in the model. Verification of the model was performed
at 5 observatories equipped with broadband solar UV radiometers. The maps of the cmf factor for
the UV radiation were created utilizing measurements of total solar radiation performed
at 9 observatories during decade 1995–2004 and the model of monthly cmf dependence on
altitude. Maps of clear-sky UV radiation daily dose and UV radiation daily dose affected by average
cloudiness were constructed for average monthly total ozone values, their upper and lower monthly
limits, for two probability levels of snow cover occurrence as criterion for the snow line altitude and
for 1 day representing typical values of every month. The maps of the erythemal UV radiation daily
doses were created for average and limit conditions of factors affecting the erythemal UV radiation.

DISSEMINATION OF RESULTS
Data reporting
The Brewer data are submitted to the World Ozone and Ultraviolet Data Centre (WOUDC) in
Toronto every month. Total ozone and UV-spectral raw data are monthly submitted to Brewer Data
Management System (BDMS) in Toronto to process and submit it to WOUDC. Since winter 1994
the station has participated in the WMO GAW Northern Hemisphere Ozone Mapping Experiment
by daily submitting of total ozone data to Ozone Mapping Centres.
Information to the public
The report on present state of ozone layer and intensity of solar damaging UV radiation (Erythema
effect) for sunny days is sent to Slovak Press Agency twice a day. It is regularly utilized by
television, broadcast and newspapers.
ARC Poprad-Ganovce also has been preparing short report on the total ozone amount and
recommended maximal sunburn time. This report is propagated by mobile telephone service.
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SHMI provides regular total column ozone and UV Index (March-September) forecast. It is
propagated by SHMI Web site.
Daily means of total ozone and deviations from long term average are part of upper-air information
in monthly issued Bulletin Meteorology and Climatology, Slovak Republic.
Analyze of total ozone, surface ozone and solar UV radiation is regularly included in the annual
publication: "Air Pollution in the Slovak Republic".

Relevant scientific papers
Pribullová, A., Chmelík, M., 2005: Effect of altitude and surface albedo variability on global UV-B and total
radiation under clear-sky condition. Contributions to Geophysics and Geodesy, 35/3, 281-298.
Pribullová, A., Chmelík, M., 2005: Reconstruction of UV-B radiation time series at Skalnate Pleso
observatory in period 1961-2004. Proceedings of conf. Bioclimatology at present and in the future.
Brno 12 – 14 September 2005, ISBN 80-86690-31-08, p. 59.
Pribullová, A., Nowaková, B., Chmelík, M., 2006: Modelling of long-term and short-term total ozone variability
at Poprad-Gánovce, Slovakia. Contributions to Geophysics and Geodesy, 36/3, 283-303.
Pribullová, A., Chmelík, M., 2007: Solar erythemal UV radiation climatology over Slovakia. Contributions to
Geophysics and Geodesy, 37/2, 87-108.
Nowaková, B., 2007: Evaluation of total ozone extremes at Poprad-Gánovce. Contributions to Geophysics
and Geodesy, 37/3, 275-290.

PROJECTS AND COLLABORATION
SHMI participate in international ozone and UV collaboration mainly by regular submitting of the
ozone, upper-air and UV-B data to the WOUDC and special project data basis.
At national level the project: "UV Biometer calibration methodology and UV-B observation series
reconstruction" is solved at SHMI and the project: "Effect of atmospheric boundary layer on
radiative fluxes and heat balance of Earth’s surface" is solved at GISAS. Both projects are included
into COST action 726: "Long term changes and climatology of UV radiation over Europe".

FUTURE PLANS
Because of limited both personal and financial capacities the main task is maintenance and regular
calibration of all instruments to keep the high data quality.
Since 2007 ARC Poprad-Ganovce has served as the National Radiation Centre. Therefore the
cooperative research of SHMI and GISAS will be managed to utilize the correlation of global
radiation and other proxies to UV radiation for more precise modelling of UV radiation over
Slovakia. The aim is also more comprehensive and detailed information about solar UV radiation
and ozone layer state to the public.

****
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SOUTH AFRICA
INTRODUCTION
The depletion of the stratospheric ozone layer, increases in tropospheric ozone, higher levels of
acidity in rain, rising carbon dioxide and methane concentrations, and changes in the radiative
balance of the earth-atmosphere energy system - all reflects the increasing influence of human
activity on the global atmosphere, the life-support system of planet Earth. Environmental issues
and policy matters have to play a pivotal role in meeting the developing needs and challenges of
the people in a new democratic South African Society. Clauses in protecting and respecting the
environment in a sustainable context, is embedded in the South African Constitution.
Worldwide it is proven that sustained systematic observation only survives under the auspices and
responsibility of a Government. More and more of these specialized environmental monitoring
activities are shifted towards the responsibilities of National Meteorological Services. This is
undoubtedly a core service resulting from international agreements undertaken by government of
the Republic of South Africa.
Since the establishment of the Montreal Protocol, South Africa has succeeded in implementing the
protocol and has achieved the following with voluntarily co-operation mainly from industry. South
Africa is in the fortunate position that it is well ahead of the normal phase out of ozone depletion
substances schedules for developing countries due to its initial classification as a developed
country. However, it does not rest on its laurels since there are still many ozone-depleting
substances that must be phased out. A study has shown that about 75% of methyl bromide is
used for soil fumigation, 11% for fumigation of structures, and the remaining is used for durable
products such as beans and nuts as well as for quarantine and pre-shipment treatment. South
Africa has almost completely phased out the use of ozone-depleting substances such as CFCs
and carbon tetrachloride, and it stopped using ozone-depleting CFCs in aerosol spray-can
propellants as far back as July 1992. However, a small amount of legal CFCs are imported and
exported to fill asthma inhalers as well as air conditioners and refrigerators manufactured before
1996. The CFC methyl bromide (used as a pesticide in the agricultural sector) is still being
imported and used. Although methyl bromide is a versatile, cost effective with many applications
particularly in the field of agriculture, however like all other signatories to the Protocol South Africa
will have to phase out methyl bromide by 2015.
South Africa is responding to its air pollution challenges in various ways. These include legislative
reform, revision of ambient air quality limits, proactive planning by local authorities, and sectorspecific controls. On 24 February 2005, President Thabo Mbeki assented to the National
Environmental Management: Air Quality Act (No. 39 of 2004) (NEMAQA).
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OZONE OBSERVATIONAL ACTIVITIES
The South African Weather Service (SAWS), an agency of the Government Department of
Environmental Affairs and Tourism (DEAT), is the focal point of ozone monitoring and research
activities in South Africa. These activities are enhanced by collaboration with a few national centers
as universities.
The ozone monitoring and research activities are conducted within the context of the World
Meteorological Organizations (WMO) Global Atmosphere Watch (GAW) programme. The Cape
Point Global Atmosphere Watch (GAW) station undertakes a regional network of observations and
focuses on these research efforts.

Column measurements of ozone and other atmospheric variables
The first South African column ozone measurements were made during 1964 until 1972 with
Dobson #089 operating from Pretoria. Reinstating South Africa’s commitment to the Vienna
Convention, the Weather Service now operates two Dobson ozone spectrophotometers, #089 at
Irene near Pretoria (25.9 S, 28.2 E) since 1989, and #132 at Springbok (29.7 S, 17.9 E) since
1995. Both these instruments have been regularly calibrated with reference to the world standard.
Dobson #035 on permanent loan from the UK Met Office still needs to meet the required
operational specifications and will operate soon from Cape Town ( 34.1S 18.2E ).
A WMO/GAW International Comparison of Dobson Spectrophotometers (SAWB2000IC) was
organized by the World Meteorological Organization and the South African Weather Service in
close cooperation with the USA National Oceanic and Atmosphere Administration’s Climate
monitoring and Diagnostics Laboratory (NOAA/CMDL). This first Africa, WMO Region-I Intercomparison event was conducted in Pretoria from 18 March – 10 April 2000. In addition the Czech
Republic Hydro-meteorological institute continued to provide expert assistance to southern African
training of Dobson operators. A training visit also was conducted in July 2004 at the Irene station.
The second all African Dobson Inter-comparison was hosted by the Egyptian Meteorological
authority and participation occurred in 2004 in Dahab. The next is to occur in 2008, South Africa.
Since November 1998, the S A Weather Service has been fortunate to reinstate its ECC RSG8015GE Ozonesonde sounding programme, which operated during the period 1990 until 1993.
Weekly ozonesonde soundings are conducted. This data is shared with the Southern Hemisphere
Additional OZonesondes (SHADOZ - http://croc.gsfc.nasa.gov/shadoz/) programme from NASA,
USA, which also is submitted to WOUDC. Since 2000, the Irene ozonesonde station was officially
accepted into the SHADOZ network. The Irene Ozone Launching programme now also formed
part of the AURA validation of OMI/TES and data after each launch is submitted in near real time.
In spite of some technical upper air sounding equipment difficulties during 2007, the Weather
Services is still able and committed to continue with a programme of two ozone ascents per month
for the foreseeable future. Some preliminary long-term data results from our ozone network are
revealed below.

Figure 1:

Dobson #132 Total Ozone Column for Springbok.
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Figure 2:

Dobson #89 Total Ozone Column for Irene.

Surface ozone measurements are continuously undertaken at Cape Point since 1982. Our
programme has also extended surface ozone measurements to the South African National
Antarctic Expedition Base (SANAE IV) in Antarctica since December 2003. This data will be
included in research efforts relating to the current ongoing International Polar Year (IPY) activities.
The SAOZ instrument which operated at SANAE during the early 1990’s, has been refurbished at
LSCE, CRNS, and France and was reinstated at the new SANAE IV base in December 2005.

Other relevant Trace Gases and profile measurements
The pristine location of the Cape Point Global Atmosphere Watch GAW station (34.3S, 18.5E)
enables measurements to be made in air that has passed over the vast clean Southern Ocean.
Such long-term observations are representative of background conditions, making it possible to
detect changes in the atmosphere's composition. The Cape Point GAW Laboratory is also
scientifically twinned with a research partner, namely the Fraunhofer Institute for Atmospheric
Environmental Research (IFU) in Garmisch, Germany, now IMK-IFU (Forschungszentrum
Karlsruhe).
Measurements include a wide range of parameters namely: - surface O3, gases which lead to
stratospheric ozone depletion such as: CFCl3, CCI2F2, CCI2F-CClF2, CH3CCl3, CCl4 and N2O
greenhouse gases in the troposphere such as CO2 and CH4 and reactive gases such as CO.
Furthermore, UV-A, UV-B and global radiation (total and diffuse) are also measured as well as the
normal surface meteorological parameters. Radon measurements to assist with the classification
of air masses arriving at Cape Point have been successfully established over the last five years.
Regular scientific audits from EMPA, Switzerland for surface O3, CO and CH4 have been
successfully conducted over the past seven years. In 2003 the WCC-N2O (Forschungszentrum
Karlsruhe IMK-IFU and Umweltbundesant) conducted an audit for N2O at Cape Point. During 2006
with German collaborations (GKSS Research Centre Geestacht) the Cape Point gashouse
mercury measurement programme was also revived.
Since 2005 a project was undertake for the continuous measurements of aerosols. This is now a
well established programme at the Cape Point GAW station and includes physical, chemistry and
optical properties being measured. This milestone was reached with start-up funding support from
WMO, scientific partnering with NOAA ESRL scientists (who designed and constructed the aerosol
system) and local SAWS GAW station scientist running and maintaining the system. The latest
addition was the establishment of Aerosol Optical Depth (AOD) measurement relevant to global
climate change in accordance to detailed guidelines set out in GAW Precision Filter Radiometer
Network (GAWNET) http://www.pmodwrc.ch/worcc and Global Atmosphere Watch Programme of
the World Meteorological Organization (GAW) http://gaw.tropos.de
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Ultraviolet-B measurements
Since January 1994 the Weather Service has maintained a routine programme for monitoring
erythemally weighted UV-B radiation at Cape Town (34.0S, 18.6E), Durban (30.0S, 31.0E) and
Pretoria (25.7S, 28.2E), De Aar (30.7S, 24.0E) and Port Elizabeth (33.9S, 25.5E). The equipment
used in this network is the Solar Light Model 501 Robertson-Berger UV-Biometer. The programme
was motivated by and in collaboration with the School of Pharmacy at the Medical University of
Southern Africa (MEDUNSA), near Pretoria.
Since December 2001, the UV-Biometers are directly linked on the Services wide area network,
and available in real-time on the SAWS WWW-site http://www.weathersa.co.za/ . UV-B forecasts
are also issued for the Cape Town, Durban and Pretoria-Johannesburg metropolitan areas since 1
December 1997. The main purpose of the UV-Biometer network is to make the public aware of the
hazards of excessive exposure to biologically active UV-B radiation, and it contributes to the
schools' awareness programmes for education. Regular enquiries from scholars are dealt with to
satisfy their need to acquire more ozone and ultraviolet radiation knowledge. Two UV-B narrowband (~306nm) Kipp&Zonen sensors are located at the two Dobson sites to investigate possible
trend correlation between ultraviolet radiation and total ozone. Great strides have been made to
develop our own numerical weather predictions outputs for UV indices. Celebrations around 16
September, each year, usually focuses to create public awareness. Once a year on this day it is
also dedicated to the hard working ozone observers and technicians gathering the measurements.

RESEARCH AIRCRAFT AND OTHER OBSERVATION/MONITORING NETWORKS
The South African Weather Service’s two research aircraft Aerocommanders are used as Air-borne
monitoring platforms. Site sampling is conducted at a speed of 100 ms-1, at low atmospheric levels
(500m – 3000m above ground level) and the range of the aircraft is around 3.5 hours, over
predetermined pollution hotspot areas over the country.
In addition to standard meteorological parameters, instruments mounted in and on the aircraft
measure the following trace gases and aerosols:
•

Carbon dioxide, Carbon monoxide, Sulphur dioxide, Hydrogen sulphide, Oxides of nitrogen,
Ozone, Volatile organic compounds, and the concentration of aerosols between.
There has been a shift in air quality management in South Africa from source control to
pollution prevention by focussing on ambient air quality and is intended to ensure improved
air quality for future generations. The aircraft monitoring capabilities complements other
ground-based research and monitoring processes to ensure that information and data
associated with air pollution are of the highest quality and are accessible to all South
Africans.

The primary airborne monitoring project objectives are:
•
•
•

To determine the spatial and temporal characteristics of air quality over South Africa
through the use of ground-based, airborne and satellite measurements;
To validate the various measurements and integrate them into a holistic picture of the
South African air quality situation with the context of the region;
To build capacity in the fields of air quality and atmospheric chemistry through hands-on
training.

The aircraft research and monitoring facilities are jointly managed by the South African Weather
Service and the Climatology Research Group of the Witwatersrand University (Wits) in
Johannesburg.
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Figure 3:

SAWS research Aircraft and under-wing measurement pods.

CALIBRATION ACTIVITIES AND DATA SUBMISSIONS
All primary ozone and trace gas data are submitted regularly to WMO recognized World Data
centers. Data for year 2007 is slightly delayed due to our 2nd level of quality assurance processes
still needed to be finalized. Since the inception of the Dobson programmes these instruments have
been internationally calibrated through inter-comparison campaigns as supported by WMO. The
next all-African Dobson calibration is scheduled to take place in South Africa during 2008, currently
recognized as a WMO Regional African Dobson Calibration Centre.
Regular scientific audits from EMPA, Switzerland for surface O3, CO and CH4 have been
successfully conducted over the past years, the latest being in September 2006. We have also
acquired a surface ozone calibrator. With EMPA references the Cape Point laboratory hope to act
as a national calibrations facility, especially for the many air quality monitoring networks in
operation.

COLLABORATION - NATIONAL AND INTERNATIONAL
Ozone and related research are conducted sporadically within the country, mostly at a few
academic institutions such as the University of Kwazulu Natal in Durban, the University of Cape
Town and the University of the Witwatersrand in Johannesburg. Research interest on the effects of
ultraviolet radiation amongst the medical and environmental sectors has also become more
pronounced but are still sporadic.
South Africa must also acknowledge its many international collaborators with specific references to
international programmes and Institutions such as:
•
•
•
•
•
•
•
•
•
•
•

The World Meteorological Organization (WMO) and many other NHMS in our region
SHADOZ/NASA/GSFC/USA
USA NOAA CMD
WOUDC and ARQP, Toronto, Canada
Training assistance from GAWTEC http://www.schneefernerhaus.de/e-gawtec.htm, Germany
EMPA http://www.empa.ch/plugin/template/empa/704/
GAWSIS http://www.empa.ch/gaw/gawsis/ and IMK-IFU Garmisch, Germany
GAWNET http://www.pmodwrc.ch/worcc/pmod.php
LSCE, CNRS and DEBITS, Paris and Toulouse, France
EML, New York, USA
The CZECH NHMS
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FUTURE PLANS AND RECOMMENDATIONS
In collaboration with various research institutes we still would like to improve the general circulation
models for ozone and UV-B predictions. The SAWS currently runs the Unified model of the UK
Met. Office as its operational forecasting model. Efforts in this regard and capacity building in
extending the NWP capabilities to include future Air Quality Forecasting services as an operational
task of the weather serves is ongoing.
Also to note is that the Department of Environmental Affairs and Tourism (DEAT) has prioritized
environmental policies especially through the new Clean Air Act. The South African Air Quality
Information System (SAAQIS) is being developed under the auspices of a task team comprising
members from the National Department of Environmental Affairs and Tourism (DEAT) and the
South African Weather Service. The broad purpose of SAAQIS is to provide all stakeholders with
access to accurate, relevant, current and complete information pertaining to national air and
atmospheric quality in order to facilitate informed decision-making with respect to South African
ambient air quality objectives. http://www.saaqis.org.za/
Through various other DEAT initiatives and projects it is believed that many municipalities (level of
local government) across South Africa who operates air quality monitoring networks will also
contribute relevant information to the SAAQIS system. Some of these monitoring projects can be
researched at http://www.deat.gov.za/
The International Polar Year (IPY) also provides ample opportunity for the extension of
collaboration and monitoring networks in the southern Oceans and Antarctica. Plans are being
developed to enhance RSA ozone and trace gas measurement activities, at the South African
National Antarctic Base at SANAE. These could also include the enhancement at the monitoring
stations at Gough (40S, 10W) and Marion (47S, 37E) islands where permanent South African
weather stations are operating.
Enhancing ozone and trace gas activities on the African continent, remains a great need and a
great challenge. Many countries have expressed their willingness to participate and to become
more actively involved in sustaining measurement programme in some form. The challenge, we as
the scientific community thus must encounter, is how to assist those who also needs further
investment, capacity and encouragement to secure and enhance the global network.
South Africa remains committed to continue building its scientific capacity relating to – ozone,
atmospheric research and monitoring in general, and the related integrated Climate Change
activities. The South African “ozone” community is very small and published peer-reviewed articles
of research findings are admittedly very scarce.
There is an ever increasing need to establish long term continued high-resolution spectroradiometer UV observations at some suitable sites in southern Africa. The first most favorable site
could be located at the Base-Line Surface Radiations Network (BSRN) station at the De Aar
location.
Total Quality management is gaining momentum in SAWS and the 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 national networks. This includes manly definition and
implementation of traceable calibration systems/chains, SOPs and maintenance of relevant
metadata files.
****
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SPAIN
OBSERVATIONAL ACTIVITIES
Continuous ozone, UV radiation and related atmospheric compounds monitoring and research is
mainly conducted by the Meteorological State Agency of Spain (AEMET), former “Instituto
Nacional de Meteorología” (INM), and the National Institute for Aerospace Technology (INTA).
Departments of Atmospheric Physics and Meteorology of some Spanish universities do research
on ozone and UV, most of them financed by the National R+D Plan of the Ministry of Education
and Science. Some Regional Governments have implemented regional UV networks in the last
three years.
Column measurements of ozone and other gases/variables relevant to ozone loss
Dobson spectrophotometer records
The longest total ozone record in Spain (since 1980) has been obtained with the Dobson
spectrophotometer #120 installed at "El Arenosillo" station (Huelva) and operated by INTA. This
instrument has been used in a number of intercomparisons at Davos and Hohenpeissenberg and
is in operation at present. The latest calibration was held at El Arenosillo station in September
2007 against the European standard (Regional Dobson Calibration Center for Europe).
Brewer spectrophotometer national network
AEMET operates a national Brewer spectrophotometer network (Figure 1 and Table 1). The
Brewer at the “El Arenosillo” station, financed by the Andalusian Regional Government, is
managed by INTA. Total ozone and spectral UV are real-time monitored.

Figure 1: National UV broadband radiometer and spectrophotometer network
Table 1:

National Brewer Spectrophotometer network

Station
A Coruña
Zaragoza

Location
43ºN 8ºW, 67 m
42ºN 1ºW, 258 m

Instrument
MK-IV #151
MK-IV #166

Institution
AEMET
AEMET

Madrid

40ºN 4ºW, 680 m

MK-IV #070

AEMET

MK-III #186

AEMET

38ºN 1ºW, 69 m
37ºN 6ºW, 30 m
28ºN 16ºW, 2373 m

MK-IV #117
MK-III #150
MK-III #157

AEMET
INTA
AEMET

28ºN 16ºW, 52 m

MK-III #183
MK-III #185
MK-II #033

AEMET
AEMET
AEMET

Madrid
Murcia
El Arenosillo
Izaña
Izaña
Izaña
Santa Cruz Tenerife
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Since
Oct. 1998
Nov. 1998 (#033)
Nov. 1999 (#166)
1988 (#033)
May. 1992 (#070)
May. 2007

Last Calibration
Sep. 2007
Sep. 2007

May. 1995
Jun. 1997
May. 1992 (#033)
Jul. 1998 (#157)
Aug. 1995
Mar. 2005
Oct. 2000

Sep. 2007
Sep. 2007
Aug. 2007

Sep. 2007
Sep. 2007

Aug. 2007
Aug. 2007
Aug. 2007

Data is collected on a daily basis through the AEMET local area network by a dedicated server
located at the AEMET Data Processing Center. Data, once processed, is stored into the AEMET
Massive Storage Devices (raw and processed files) and published in the AEMET web page.
The Network for the Detection of Atmospheric Composition Change (NDACC) Programme at
the Izaña “supersite”
Since 2000/2001 the Izaña Observatory has participated in the NDACC (Network for the Detection
of Atmospheric Composition Change) network (Former NDSC –Network for the Detection of
Stratospheric Change-) as a complementary station in the following four programmes:
•
•
•

•

Total ozone with a double Brewer spectrophotometer, managed by AEMET.
ECC ozonesonde programme operated by AEMET.
UV-VIS: An EVA instrument from INTA has been operating at Izaña Observatory since
1993 for measuring total column NO2 and O3. Two photodiode array spectrographs from
INTA are running at Izaña since December 1998 and November 2001. One instrument
routinely measures total columns of O3, NO2 and H2O. Retrievals of Iodine monoxide (IO)
and Formaldehyde (HCHO) have been attempted but their concentrations in the free
troposphere are found to be below the instrument detection limit. The second UV
spectrograph from INTA has expanded its capability to BrO. Bromine species are less
regulated than chlorine species and their concentrations are believed to be increasing in
the atmosphere due to Methyl Bromide (CH3Br) and Halon emissions. Additionally, it has
recently pointed out that a significant amount of bromine, possibly coming from
halogenated VSLS (Very Short Lived Substances), is required to harmonize measurements
with present state-of-the-art models. It is expected that the CFCs phasing-out will increase
the future relative contribution of Bromine in the years to come. As secondary product
Glyoxal (CHOCHO) is being retrieved but measurements are again below instrumental
detection limits.
Fourier Transform InfraRed (FTIR): From January 1999 to April 2005 a Bruker IFS 120M
spectrometer was operated (Schneider et al., 2005b) at the Izaña Observatory by the
Institut für Meteorologie und Klimaforschung (IMK) (Forschungszentrum Karlsruhe,
Germany). Since January 2005 a Bruker IFS 125HR spectrometer is in operation. Zenith
column amounts (ZCA) of trace gases such as O3, H2O, N2O, CH4, CO, OCS, HF,
HNO3, NO, NO2, ClONO2, HCl. Profiles of gases with narrow absorption lines such as
O3, NO, HCl and HF can be retrieved. For the atmospheric O3 retrieval a combination of
small and broad spectral windows between 780–1015 cm−1 is analyzed.

The Antarctic UV-VIS network
In the framework of several projects funded by previous calls of the National R+D Plan of the
Ministry of Education of Science, three UV-VIS spectrometers (EVA) designed and developed at
INTA to measure column NO2 and O3 were installed at the permanent Argentinean bases of
Belgrano (77º 52' S 34º37' W), Marambio (64º 14' S 56º37' W) and Ushuaia (54º 48' S 68º19' W),
respectively, in 1994. The selected stations are scientifically of interest for Polar atmosphere
studies since they cover areas in the stratosphere dynamically and chemically differentiated. The
southernmost, which is Belgrano, is mostly located inside the vortex, Marambio is on the edge, and
Ushuaia right outside the vortex. A new UV photodiode array spectrograph from INTA has been
installed in October 2002 in Marambio (Antarctica) to retrieve zenithal column amounts of
halogenated species, namely BrO, OClO.
The main objective of this network is to provide both long term and near real-time observations of
column O3 and NO2, in order to characterize the polar vortex and the O3 destruction. Information
related with this project, including instruments and stations, as well as the results of this network
can be found at http://www.spain.oracle-o3.org
A long-term ozonesounding programme between INTA and DNA/IAA (Argentina) has been running
at the Belgrano station (78ºS, 35ºW) since 1999. Ozonesondes have been regularly launched
throughout the year providing an extremely valuable ozone vertically resolved dataset for seasonal
characterization of the Antarctic ozone layer, detecting the magnitude of the depletion, periods of
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occurrence, altitudes, etc. INTA has participated in previous years, and still participate nowadays,
through the mentioned ozonesounding station in the Antarctic Match Experiment coordinated by
the AWI (Alfred Wegener Institute, Germany). This experiment was carried out in connection with
the European projects (QUOBI and Oracle-O3). Sondes were both European and nationally
funded.

Profile measurements of ozone and other gases/variables relevant to ozone loss
Long-term programmes in Spain
The long-term ECC ozonesonde programme was initiated in November 1992 within the GAW
programme at the AEMET’s Izaña Observatory (Tenerife island). Ozonesoundings are launched
from Santa Cruz de Tenerife station (36 m.a.s.l.), at a distance of 28 Km. from the Izaña
Observatory, on a weekly basis and without any interruption since 1992. During intensive
campaigns more than twenty sondes per month are launched. This is a NDACC programme.
Quality control is assured by two simultaneous total column ozone comparisons from Brewer#33
(sea level) and Izaña Brewer triad (2373 m a.s.l.). Coincident ECC and FTIR ozone vertical profiles
are compared in Tenerife since 2005.
Weekly ECC ozonesoundings have been carried out from 1992 to 2002 at the AEMET’s Barajas
(Madrid) radiosonde station. Early 2005 the ozone sounding programme was resumed and, since
then, has continued without interruptions. Integrated total column ozone is validated against
Brewer #070, which is located at about 25 km far from Barajas station.
INTA operates an ozonesounding facility at the El Arenosillo station with sporadic launches.
Intensive campaigns, most of them funded by European projects, are frequently carried out at the
later station.
A long-term ozonesounding programme between INTA and DNA/IAA (Argentina) is running at the
Belgrano station (Argentina, 78ºS, 35ºW) since 1999. Since then and to date ozonesondes have
been launched throughout a number of Spanish (MAR and “Caracterización del vórtice Antártico y
transporte meridional a partir de observaciones remotas de trazadores estratosféricos”) and
European projects (QUOBI).
INTA and AEMET have participated in previous years, and participate nowadays, through the
mentioned ozonesounding stations, at Keflavik, Madrid and Tenerife in the Match Experiment
coordinated by the AWI (Alfred Wegener Institute, Germany). This experiment was carried out in
connection with the European projects (EASOE, SESAME/OSDOC, THESEO/O3-LOSS,
EUROSOLVE). Sondes were both European and nationally funded.
INTA’s station at Keflavik (Iceland)
A long-term ozonesounding programme between INTA and IMO (Icelandic Meteorological Office)
is running at the sub Arctic station of Keflavik (Iceland, 64ºN, 22ºW). Activities devoted to
monitoring the ozone layer in the region of influence of the stratospheric polar vortex started in
1991 within the First Coordinated European Experiment for Ozone depletion Studies (EASOE).
Since then and to date, ozonesondes have regularly been launched during winter through a
number of European projects (SESAME, OSDOC, THESEO, QUOBI, SCOUT-O3) and will
continue in the near future, at least until 2009.
Ushuaia GAW Station (Argentina)
A long-term ozonesonde programme has been initiated at the GAW Ushuaia station (Argentina) in
April 2008 thanks to a joint collaboration of AEMET, INTA, the National Meteorological Service
(SMN; Argentina) and the “Tierra del Fuego” Government (Argentina).
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UV measurements
Broadband measurements
AEMET operates a national UVB (YES instrument) network since July 1999. Nowadays stations
are described in Table 2.
Table 2:
Station

National UVB pyranometers network.
Altitud

Latitud

Longitud

Almería

29

36º 51' N

02º 23' W

Yankee Brewer
UVB

Arenosillo (Huelva)

30

37º 06' N

06º 44' W

UVB

Badajoz

190

38º 53' N

07º 01' W

UVB

Barcelona

35

41º 38' N

02º 12' E

UVB

Cáceres

405

39º 28' N

06º 20' W

UVB

Cádiz

15

36º 30' N

06º 16' W

UVB

Ciudad Real

628

38º 59' N

03º 55' W

UVB

Córdoba

91

37º 50' N

04º 51' W

UVB

A Coruña

67

43º 22' N

08º 25' W

UVB

Granada

692

37º 08' N

03º 17' W

UVB

Izaña

2373

28º 18' N

16º 30' W

UVB

León

916

42º 35' N

05º 39' W

UVB

Madrid

680

40º 27' N

03º 43' W

UVB

Málaga

61

36º 43' N

04º 29' W

UVB

Maspalomas (Gran Canaria)

25

27º 50' N

15º 57' W

UVB

Murcia

69

38º 00' N

01º 10' W

UVB

Palma de Mallorca

10

39º 34' N

02º 45' E

UVB

Roquetas (Observatorio Ebro)

44

40º 49' N

00º 29' E

UVB

Salamanca

800

40º 57'N

05º40'W

UVB

Santander

79

43º 29' N

03º 48' W

UVB

San Sebastian

259

43º 18' N

02º 02' W

UVB

Santa Cruz de Tenerife

25

28º 16' N

16º 12' W

UVB

Valencia

57

39º 29' N

00º 28' W

UVB

Valladolid

740

41º 39' N

04º 46' W

UVB

Zaragoza

298

41º 40' N

01º 04' W

UVB

UV/O3

UV/O3
UV/O3
UV/O3

UV/O3

UV/O3

UV/O3

INTA is collaborating with the Institute of Aerospace Medicine from DLR on solar UV dosimetry by
biological sensors (biofilms @). The collaboration covers the measurement campaigns at different
locations in Spanish and German territory and the improvement of data analysis (image
treatments, unattended exposure devices, etc).
Photosynthetic, UV-A and UV-B radiations are
Rioja (Logroño since 2001 and Valdezcaray
meters (ELDONET type and Skye, respectively).

measured at
since 2007)

tow sites in La
using broad-band

The Department of Physics of the University of Extremadura operates a regional network
consisting in 6 radiometric stations (UV-S-E-T Kipp&Zonen UVER pyranometer). The stations are
located at Badajoz, Cáceres, Plasencia, Orellana, Fuente de Cantos in Extremadura, and at the ski
station La Covatilla in Southern Salamanca. The stations in Badajoz and Cáceres are operative
since 2001 and Plasencia since 2002. The others have been recently installed in the last two
years.
The Regional Government of Valencia, in collaboration with the University of Valencia, has
deployed a 5-station (Prat de Cabanes, Aras de los Olmos, Valencia, Denia and Torrevieja)
operational UVB regional network.
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The Galician Regional Government (namely, Xunta de Galicia), through the University of Santiago
de Compostela, has implemented a UV surface monitoring network in this Region. This network is
made up by 5 Solar Light 501A radiometers located at different geographical sites, with diverse
altitudes and environmental local conditions (Lourizan-Pontevedra, Ferrol, Pedro Murias, Alto do
Rodicio and Ancares). The network is now managed by MeteoGalicia, the Galician Weather
service.
Narrowband filter instruments
Three multi-channel narrow-band radiometers (NILU-UV6) were co-located by AEMET in the UVVIS Antarctic stations in 1999, thanks to the scientific collaboration agreements signed by AEMET,
INTA, DNA/IAA (Argentina) and the CADIC (Argentina). A fourth NILU-UV-6 is operated at the
GAW Izaña Observatory. The NILU-UV6 instruments measure global radiation at five UV channels
and PAR. A radiative transfer model is used to calculate the total ozone content, cloud
transmittance and the biologically effective UV doses. Both complementary instruments are part of
the Spanish Antarctic network that is now coordinated in the framework of some joint INTAAEMET’s projects (“MAR” REN2000-0245-C02-01; EGEO CGL2004-05419-C02-02ANT), financed
both by the R+D National Programme. The Finnish Meteorological Institute (FMI) is in charge of
the NILU radiometers’ quality assurance system performing intercomparisons twice a year with a
traveling reference NILU. The main objective of this network is to provide both long term and near
real-time observations of column O3 and UV radiation in order to characterize the polar vortex.
A NILU-UV-6 multichannel radiometer from the Department of Physics of the University of
Extremadura is in operation at "El Arenosillo" Sounding Station (INTA) since December 2007.
In 2005 a multifilter radiometer (GUV 2511; Biospherical Instruments) was installed at Santiago de
Compostela city. Nowadays research based on UV measurements with this instrument is carried
out by the University of Santiago de Compostela, supported by MeteoGalicia.
Spectroradiometers
UV scans every 20 minutes have been obtained at the Izaña GAW Observatory from the Brewer
spectrophotometers since May 1991.
A double spectroradiometer Bentham DM-150, installed in March 1999 at the GAW Izaña
Observatory, provides global and diffused UV radiation scans every 15 minutes. This is one of the
national UV reference instrument. Since June 2005 is also obtained direct sun UV scans. The
Department of the Fundamental Physics of La Laguna University, in collaboration with INM,
operates a double Bentham DM-150 spectroradiometer at the Izaña Observatory headquarters
(SCO; sea level) in Tenerife. A comparison of the UV and visible spectra obtained from this
spectroradiometer with those obtained at the Izaña Observatory (2400 m a.s.l.) have been used to
study the connection between UV radiation and radiative properties of the atmospheric aerosols
and clouds.
Episodic UV spectra are obtained by the Universities of Barcelona (Bentham DM-300), Valencia
(Optronics and LICOR), Valladolid (LICOR) and la Laguna (Bentham and Optronics). Most of the
measurements are used in investigations concerning the relationship between aerosol optical
depth and spectral UV radiation.

Calibration activities
The WMO/GAW Regional Brewer Calibration Centre for RA-VI region (RBCC-E)
In November 2003 the WMO/GAW Regional Brewer Calibration Centre for Europe (WMO RA-VI
region) (RBCC-E) was established at Izaña Observatory (IZO) at Tenerife (Canary Islands). The
project is also intended to contribute to the GAW Programme in the RA-VI Region as a part of the
closer co-operation between WMO and the European Commission being stated in the
Memorandum of Understanding signed by WMO and EC in December 2003.
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IZO is located in subtropical region (28ºN) on the top of Izaña Mountain (2370 m.a.s.l.) with pristine
skies and low ozone variability. This location allows routine absolute calibrations of the references
in similar conditions to the Mauna Loa Observatory (MLO) site.
The RBCC-E reference is based on three double Mark-III Brewer spectroradiometers (the IZO
triad): a Regional Primary Reference (B157), a Regional Secondary Reference (B185) and a
Regional Travelling Reference (B183). The IZO triad is regularly sun calibrated by means of
Langley method and by external lamps. The travelling reference ensures reference transference to
the WMO-Region VI Brewer network.
Though B157, B183 and B185 are routinely calibrated by Langley plots method, these absolute
calibrations are not used for definition of a new calibration scale. The MSC triad is respected as the
official reference of the GAW Brewer international scale. The establishment of the IZO triad allows
the implementation of a self-sufficient European Brewer calibration system that respects the world
scale but works as independent GAW infrastructure. The IZO triad is linked to the world reference
MSC triad with yearly calibrations towards the Canadian travelling reference B017. Systematic
extraterrestrial constants (ETC) have been obtained by Langley method with B157 from 1998 to
2007. A comparison against ETCs transferred by travelling B017 shows an agreement within 1% in
this period.
The function of RBCC-E also allows development and testing of new measurement techniques for
the ground Brewer network like zenith, polarimetric, UV or aerosol optical depth measurements at
IZO. A radiation laboratory and an electronic workshop are available at IZO for accurate fittings
and indoors calibration and maintenance of the triad instruments.

Calibration of the national Brewer spectrophotometer network (AEMET)
The calibration of the spectrophotometers is scheduled as indicated below.
Table 3:
Brewer

Brewer’s schedule Calibration
Total ozone calibration
(Travelling Standard #017
& RBCC-E triad)

#157,#185,#183,#033

Annually “in situ”

#151,#166,#117,#186,#070,#150

Bi-annually at El Arenosillo

Spectral UV calibration
(NIST traceable)
Against 1000w lamps
Annually “in situ”
Annually “in situ” and at El
Arenosillo

The travelling standard Brewer #017 operated by IOS (International Ozone Service) company has
provided ozone traceability to the world reference in Toronto for the Spanish Brewer instruments in
September 2007, during the joint intercomparison of Brewer and Dobson organised by RBCC-E
(AEMET) and RDCC-E at the INTA station “El Arenosillo” (Spain).
Spectral UV calibrations
AEMET has implemented a UV Quality Control/Quality Assurance (QC/QA) system for brewer
spectrophotometer. QC consists of 50W lamp tests at each station performed every 2 weeks.
Spectral UV absolute calibration is carried out every year using a portable 1000W lamp calibration
system designed by Int'l Ozone Services Inc. (IOS, Canada). QA and UV calibration has been
provided by PMOD with the European standard, the QASUME unit (PMOD/WRC), scheduled
every 2 years (El Arenosillo, September 2005 and September 2007).
UV broadband radiometer network (AEMET) calibration
Concerning the broadband radiometer calibration, a procedure to calibrate the AEMET’s UV
broadband instruments (YES manufactured) is being implemented according to WMO
recommendations. The spectral and angular responses are determined at the radiation laboratory
at the AEMET’s headquarters in Madrid. The final calibration for each instrument will be then
determined taking into account the laboratory characterisation, the solar spectrum measured by a
reference spectroradiometer BENTHAM DM-300 located on the roof of the AEMET headquarters,
and the simulated solar spectra obtained running the libRadTran radiative transfer model for
different total ozone and solar zenith angles.
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A second broadband UV radiometer calibration laboratory is available, as a national facility, at El
Arenosillo station (INTA). This laboratory fulfils the WMO requirements, and has been used by
instruments of Regional networks of Spain.
AEMET and INTA have participated in two different broadband UV radiometer
calibration/intercomparison campaigns were held at PMOD/WRC (Davos) and at El Arenosillo
(Spain) in the 2006 and 2007 summers, organised by PMOD and INTA/UNEX/AEMET,
respectively, as part of the objectives of the COST Action 726. The QUASUME European UV
standard was the reference.

RESULTS FROM OBSERVATIONS AND ANALYSIS
A total ozone climatology and trend analysis has been performed by INM for each ozone station in
Spain, as well as a comparison with overpass TOMS data.
Annual and diurnal UV index variations have been calculated for each capital of province.
Total ozone measurements from the five Brewer spectrophotometers located at the Iberian
Peninsula have been compared with GOME (Global Ozone Monitoring Experiment) sensor by
AEMET, in collaboration with the Remote Sensing Technology Institute of DLR, the German
Aerospace Center for the period 1995-2004. Results show an excellent Brewer-GOME agreement.
The effect of cloudiness, solar zenith angle, effective temperature and total ozone values in
Brewer-GOME differences has been studied (Anton et al., 2008). Total column ozone from the
Spanish Brewer network have been also compared with TOMS and ERA40 ECMWF reanalysis
ozone fields during the same period.
The Group of Environmental Engineering and Bioprocesses of the University of Santiago de
Compostela, have used spectral UV measurements to evaluate the influence of UV radiation and
rain on fuel spills weathering in the Galician coast. The evaluation is carried out by comparison of
the composition of fuel on a weathered slab with the composition of fuel located in a sheltered
zone.
Total column ozone and vertical ozone profiles, using different techniques, are being intercompared at the Izaña supersite. Results from DOAS vs Brewer, FTIR vs Brewer and FTIR vs
ECC intercomparisons have been published in the last 3 years.
The SAUNA (Sodankylä Total Column Ozone Intercomparison) campaigns were held in FebruaryApril 2006 and 2007, confirms the ozone underestimation by Dobsons and single Brewers in high
latitudes with high ozone concentrations, previously reported in TOMS Fairbanks campaign
(2001). An empirical correction was proposed for single Brewers. AEMET-RBCCE contributes to
the evaluation of the Brewer retrieval algorithm, concerning the use of different ozone absorption
coefficients and the systematic errors caused by the assumption of stratospheric temperatures.

THEORY, MODELLING, AND OTHER RESEARCH
UVI forecasts are provided to the general public by AEMET since around six years ago. A new
forecasting system based on Radtran Radiative Transfer Model and total ozone column ECMWF
forecasts has been developed and put into operation along the last year 2007. The system runs
daily up to D+5 and Maximum UVI forecasts are generated for about 60 cities in Spain. The
system has been recently updated to spread the information to more than 8000 populated places
in the country. The ECMWF model includes ozone mixing ratio as a 3D prognostic variable and is
initialized every 12 hours with satellite data assimilation. UVI forecasts has been validated against
the maximum UVI available observations (more than 20 stations) under clear sky conditions from
May 2007 to Mid March 2008.
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Departments of several universities are carrying out observations and studies regarding solar UV
radiation and related atmospheric components. A summary of the activities performed by the
Spanish universities is as follows:
•
•

•
•
•
•
•

The Department of Optics and Applied Physics of Valladolid University is working on
aerosol optical depth (AOD) characterization, including the UV range.
The Department of Astronomy and Meteorology at Barcelona University has been taking
sporadic measurements of UV and visible spectrum for the last nine years using a LI-COR
1800 spectroradiometer and now with a Bentham DM300 spectroradiometer. This group
has also measured AOD. Work has also been done on simulation modeling using different
radiative transfer codes.
The Department of Thermodynamics at Valencia University is working on the aerosol
observations and validating different radiative transfer codes.
The Department of Applied Thermodynamics at Valencia Polytechnic University has been
carrying out continuous measurements of UV with an Eppley radiometer since 1995.
The Department of Fundamental and Experimental Physics at La Laguna University is
working on aerosol characterization and its relationship with spectral UV radiation.
The Atmospheric Physics Group at Granada University is working on solar radiation,
remote sensing and aerosol characterization.
The Department of Agriculture and Food at La Rioja University has been studying the
effects of UV-B radiation on mountain aquatic bryophytes in their natural surroundings and
has evaluated their use as bio-indicators. In addition, some studies on the effects of UV-B
on grapevine have been conducted.

DISSEMINATION OF RESULTS
Data reporting
Daily mean ozone data from the Brewer spectrophotometer network is sent to the WMO Northern
Hemisphere Daily Ozone Mapping Centre at the Aristotle University of Thessaloniki (Greece) and
to the WOUDC, on a daily basis. Evaluated and refined data periodically submitted to the WOUDC
database. Refined Brewer and ozonesonde data is submitted to NDACC and NILU databases
every six months, and UV-VIS and FTIR data to NDACC and ENVISAT CAL/VAL databases,
periodically. Data submission status is shown in Tables 4-7. Notice the existing agreement for
periodical data transference from NDACC to WOUDC.
Platform
STN 308
STN 308
STN 405
STN 346
STN 411
STN 213
STN 213
STN 300
STN 300
STN 401

Name
Madrid (Barajas)
Madrid (CR)
A Coruña
Murcia
Zaragoza
El Arenosillo
El Arenosillo
Izaña (Tenerife)
Sta. Cruz Tenerife
Sta. Cruz Tenerife

Table 4: Data available at WOUDC
Category Instrum. S/N Model
O3 sonde
ECC
6A
Total O3
Brewer
070 MKIV
Total O3
Brewer
151 MKIV
Total O3
Brewer
117 MKIV
Total O3
Brewer
166 MKIV
Total O3
Dobson
120 Beck
Total O3
Brewer
150 MKIII
Total O3
Brewer
157 MKIII
Total O3
Brewer
033 MKII
O3 sonde
ECC
6A

Min. Date
22-May-96
01-Jan-92
01-Jan-04
01-Apr-95
01-Jan-04
13-Jan-76
01-Jan-00
01-Jul-98
26-May-91
05-Jan-99

Max. Date
12-Mar-08
29-Feb-08
29-Feb-08
29-Feb-08
29-Feb-08
31-Dec-06
31-Dec-06
31-Jan-03
09-Jun-95
28-May-03

Table 5: Data available at NDACC (ftp://ftp.cpc.ncep.noaa.gov/ndacc/)
Programme
Station
Instituti Min. Date Max. Date
on
Total Ozone (Brewer)
Izaña
AEMET Jul. 1991
Apr. 2006
Ozonesonde (ECC)
Sta.Cruz,Tenerife AEMET Jan.1995
Apr. 2006
UV-VIS/DOAS
Izaña
INTA
Jan. 2000
Apr. 2006
FTIR
Izaña
IMK
Mar. 1999 Oct. 2005
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Table 6: Data available at ENVISAT CAL/VAL
Station
Izaña (UV-VIS)
Izaña (FTIR)

O3 Station
Belgrano II
Keflavik

Institution
INTA-AEMET
IMK-AEMET

Min. Date
Jan. 2000
Feb. 1999

Table 7: Data available at NILU
Institution
Min. Date
INTA
Mar. 1999
INTA
Nov. 1991

Max. Date
Dec. 2007
Dec. 2007

Max. date
Dec. 2007
Dec. 2007

Ozone profiles (INTA/DNA) data over Antarctica have been sent to NILU database in the
framework of QUOBI, ORACLE-O3 projects and Match Campaigns.
NO2 data over Marambio and Belgrano station are sent to NILU-European database in the
framework of ESA CAL-VAL.
NO2 data over Marambio, Belgrano and Ushuaia stations are sent to GEOMON database in the
framework of GEOMON project.
The “Iberonesia” web-based data managing interface (www.iberonesia.net) provides near-real
time ozone and UV information of the Brewer spectrophotometer network. Three Brewers from
Portugal and two from Casablanca (Morocco) have been incorporated to this network. The
information is stored and validated automatically.
Data (CIE, UVI, UVA, UVB, UVA/UVB, PAR, Ozone and CLT) from the NILU Antarctic can be
downloaded from www.polarvortex.org.
Ozone soundings from Keflavik/Iceland are posted in real time in the joined IMO-INTA. Web page:

http://grenjandi.vedur.is:8080/ozone/.
Ozone profiles data over Antarctica are sent to the WMO in almost real time as contribution to the
reports on the evolution of the Ozone hole
www.wmo.ch/pages/prog/arep/gaw/ozone/index.html#AntBull
Information of the INTA/AEMET Antarctic project for the three stations are disseminated through
www.spain.oracle-o3.org.
A Summer Course on "Ultraviolet radiation: effects on human health
environment" was organized at the La Rioja University, Alfaro (La Rioja), 11-13 July 2007.

and

The webpage www.unirioja.es/ecophys/ shows the results obtained by the Group of
"Ecophysiology, Climatic Change and Environment" at the la Rioja University related to the effects
of UV on ecosystems.

Information to the public
Observed total ozone column data from Brewer and observed UVI data from broadband
radiometers are disseminated through the AEMET web page (1 day delay) in the following
address: www.aemet.es/es/eltiempo/observacion/radiacionuv?opc1=estac&datos=graf
UVI forecasts are disseminated through the AEMET web page up to D+5 in the capital cities,
autonomous cities and island capitals, and D+3 in the rest of the places. The information is
available at www.aemet.es/es/eltiempo/prediccion/radiacionuv.
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UVI forecasting is published by the Valencia Regional Government for five sites of this Region at
www.cth.gva.es/cidam/emedio/uv/.
The AIRE research group (Department of Physics of the University of Extremadura) provides
nearly real time information about the UV index (UVI) measured and the forecasted maximum daily
value for Badajoz, Cáceres, Plasencia, Orellana, Fuente de Cantos in Extremadura, and at the ski
station La Covatilla in Southern Salamanca. This information is on-line available at
http://aire.unex.es/uvi.
The University of Santiago de Compostela (supported by MeteoGalicia) provides +48h UV Index
forecasting for cloudless conditions in 14 locations of Galicia. Clear sky UVI forecasting is
corrected manually by a meteorologist using the forecasted cloud cover, following the guidelines
provided by the COST 713 Action. This task is operative from April to October, as the period when
UVI
levels
are
higher
and
more
dangerous
for
the
public
(www.siamcma.org/meteoroloxia/uv/prediccionuv.htm).
The Servei Meteorológic de Catalunya provides information and predictions of UVI for Catalunya at
www.meteocat.com/marcs/marc_prediccio.html.
EuskalMet, the Meteorological Agency of the Basc Country (www.euskalmet.euskadi.net/s075853x/es/meteorologia/meteodat/uvi.apl?t=3&e=5) provides UVI forecasting for eight locations
in the Region.
Ozone data over Antarctica are sent to the WMO in almost real time as contribution to the reports
on the evolution of the Ozone hole (www.polarvortex.org).
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PROJECTS AND COLLABORATION
International Polar Year
INTA is involved in ORACLE-O3 (Ozone layer and UV radiation in a changing climate evaluated
during IPY) project. This project is a cluster which brings together the tasks of 16 expressions of
interest (EOI) submitted to IPY Join Committee. It deals with experimental and modelling research
on the ozone layer, UV radiation and the effects of personal UV exposure during the IPY. During
the project, INTA ground-based observations are being performed at Ushuaia, Marambio and
Belgrano stations by means of UV-VIS spectrometers, to measure the seasonal and long-term
variability of ozone, NO2, and other ozone-related trace gases. Radiosonde and ozonesonde in
Keflavik and Belgrano provide measurements of wind and temperatures in the troposphere and
stratosphere. The project implies accurate quantification of polar ozone losses in both hemispheres
achieved with concerted international campaigns during which hundreds of ozonesondes are
launched in real-time coordination from station networks in the Arctic and Antarctic. Antarctic
Campaign was performed in June-October, 2007 and Arctic campaign in December, 2007–March
2008.
Within the IPY, AEMET-RBCCE has trained four persons of the Antarctic Institute of Uruguay (AIU)
in Brewer operation, maintenance and data evaluation at the Izaña Observatory. The Brewer#155,
from AIU has been repaired and calibrated by the RBCCE at Izaña. This instrument was installed,
with the participation of AEMET-RBCCE, at the Artigas Antarctic Base (62º S y 59º W; King
George, South Shetland Islands) on December 11, 2007. This cooperation project has been
financed by the Canary Islands Government.

European Projects
•
SCOUT-O3 (Stratospheric-Climate Links with Emphasis on the UTLS); SCOUT-O3's aim is
to provide predictions about the evolution of the coupled chemistry/climate system, with
emphasis on ozone change in the lower stratosphere and the associated UV and climate
impact, to provide vital information for society and policy use. It is a 54 partners
international integrated project funded by EU, among them, INTA participates in
collaboration with AEMET by observations and interpretation of ozone in the UTLS region
by Ground-based and ozonesonde data.
•
GEOMON (Global Earth Observation and Monitoring of the Atmosphere) in a European
project contributing to GEOSS. Its mission is to build an integrated pan-European
atmospheric observing system of greenhouse gases, reactive gases, aerosols, and
stratospheric ozone. Ground-based and air-borne data are sustained and analyzed,
complementary with satellite observations, in order to quantify and understand the ongoing
changes of the atmospheric composition. INTA participates by routine measurements,
quality control and data storage in general data base of stratospheric ozone related gases.
Action COST-723: Spain has endorsed the EU Action COST 723 ("The Role of the Upper
•
Troposphere and Lower Stratosphere in Global Change"; www.cost723.org/).
Action COST-726: Spain has endorsed the EU Action "Long term changes and climatology
•
of UV radiation over Europe": http://i115srv.vu-wien.ac.at/uv/COST726/Cost726.htm
Projects funded by the National R+D Plan of the Ministry of Education and Science
•
MARACA (Medida de componentes Atmosféricos en la Región Antártica y Ártica,
CGL2004- 05419-C02-01, 2004-2007)
CEORACLE-O3 (Contribution from Spain to “Oracle-O3”, POL2006-00382, 2007-2009) in
•
the framework of the International Polar Year.
TROMPETA (“TROpical Monitoring Phase in the Atmosphere”), It is an INTA project with
•
strong collaboration by AEMET. Reference CGL2004-03669/CLI, financed by the Diversity,
286

Earth Sciences and Global Change R+D National Programme. Its goal is to understand
radiative transfer in the atmosphere during strong Saharan dust events and its impact on
ozone measurements from nadir-looking satellites. Izaña supersite facility is used in this
project.

Satellite validation exercises
Pole to pole extensive validation of the SCIAMACHY instrument on board of the European
ENVISAT platform has been performed through the ESA contracts TASTE and TASTE-II. INTA
has participated via IASB/BIRA Belgian Institute on O3 and NO2 total column species on years
2005-2007 by its ground-based instrumentation located at Izaña (Subtropical), Ushuaia, Marambio
and Belgrano (Antarctica). Further validation, on a climatological perspective, from Izaña
observatory has included GOME data as well and other ESA instruments (GOME, SCIAMACHY,
GOMOS, MIPAS).
The European Brewer reference (RBCC-E at Izaña Observatory) has participated in SAUNA
(Sodankylä Total Column Ozone Intercomparison) campaigns was held in 2006 and 2007 with the
European Brewer reference. Satellite and ground-based measurements have been compared
under a greater variety of ozone column amounts and profile shapes. The objective of SAUNA is to
assess the comparative performance of the ground-based instruments, space-based instruments
and algorithms which measure total column ozone at large solar zenith angles and high total
column ozone amounts. See details at http://fmiarc.fmi.fi/SAUNA/.
Validation of ESA/GOME, SCIAMACHY/ENVISAT, NASA/KNMI and OMI/AURA, of more than a
dozen of atmospheric components, using advanced scientific instrumentation, has been performed
during 2005-2008 by the FTIR, managed by IMK-ASF Forschungszentrum Karlsruhe, at Izaña
supersite.
AEMET, the University of Extremadura (UNEX, Spain) and DLR are collaborating on the validation
of GOME2 ozone (DLR) over Spain using the AEMET Brewer network and ozonesonde data over
Madrid.

National intercomparison campaigns
The INTA, AEMET and the AIRE research group (University of Extremadura) have organized, in
collaboration with the World Radiation Center (PMOD/WRC), and partially supported by the COST726 Action, the national Broadband Calibration Campaign held at "El Arenosillo" (Huelva, Spain)
from August 15 to September 21, 2007. Twenty two (22) UV broadband instruments, from 13
different institutions, took part in the intercomparison.
International intercomparison campaigns
•
An intercomparison campaign of seven UV spectroradiometers of different types took place
at the high altitude site of Izaña, Canary Islands, in June 2005. The campaign was focused
primarily on spectral measurements of direct solar irradiance. Among the objectives was to
improve the quality of direct solar irradiance spectral measurements, through instrumental
modifications and standardization of calibration techniques, as well as to assess the
significance of the differences in the field of view of the spectroradiometers with respect to
aerosols and to solar zenith angle.
•
In September 2005 and September 2007 were held the first and the second, respectively,
Brewer intercomparison campaigns at El Arenosillo station (INTA). The scientific
coordination and organization corresponded to the GAW Regional Brewer Calibration
Center for Europe (RBCC-E). During the second Brewer intercomparison in 2007 a Dobson
intercomparison campaign was organized by the Regional Dobson Calibration CentreEurope (WMO-RDCC-RA-VI) Meteorological Observatory Hohenpeissenberg (Germany).
During the first days both calibration campaigns performed in parallel, while the last days
were used for a Dobson/Brewer comparison. In the two Brewer intercomparisons two
Brewers from Morocco were fitted and calibrated.
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PSC detection
Two campaigns for MPL-4 lidar validation on PSC detection has been carried out during 2007 for
testing the capability of highly modulated unattended "eye safe" lidars for ozone depletion studies:
•
Ny-Alesund (Spitzbergen, Norway). In collaboration with the Alfred-Wegener Institute (AWI)
measurements were performed at AWIPEV French-German Research Base, Arctic
Koldewey Station (1/12-2/9, 2007).
•
Sodankyla (Finland). In collaboration with the Finnish Meteorological Institute (FMI).
Measurements were carried-out in the Arctic Research Center (ARC) within the frame of
the international project SAUNA-2 (Sodankyla totAl colUmn ozoNe intercompArison 2),
(2/11- 3/31, 2007).
Other activities
INTA, UNEX and AEMET keep close contact concerning the calibration procedures for broadband
UV radiometers.
FUTURE PLANS
The Andalusian Network of UVI measurements will be set up in 2008. Eight (8) stations will cover
representative locations of social interest within the Andalusian territory. The network will be
maintained and calibrated by INTA and extended information will be supplied to the public via web
site and street panels.
INTA will install a MPL-Net Lidar in Belgrano Antarctic station, for detecting Polar Stratospheric
Clouds, in 2008. The lidar is being tested at INTA Headquarters in Madrid.
INTA will ask to incorporate to NDACC the Antarctic spectrometers and Belgrano ozonesoundings
in 2008. The quality of the spectral data has been verified by performing daily intercomparison
measurements between a similar Antarctic spectrometer and PDA installed at Izaña station.
Improvement of polar observing stations (Belgrano, 2009) is foreseen as one of the most important
INTA’s IPY objectives by the following actions:
o
o

A highly modulated eye-safe almost unattended Micro lidar will be deployed at Belgrano for
long term monitoring of Polar Stratospheric Clouds (PSC).
Two spectrographs devoted to measure OClO and BrO and an improved third one to
measure NO2, O3, O4, and colour index will be deployed. First instrument has an off-axis
capability to provide also tropospheric abundances of BrO.

AEMET will ask to incorporate the spectral UV programme at Izaña Observatory into the NDACC.
A new UV-VIS CCD spectrometer has been purchased to complement the spectral UV range
provided by the Brewer triad.
A close “twinning” partnership between the AEMET’s Izaña GAW station and the TamanrassetAssekrem GAW station (Algeria) was initiated in September 2006. This collaboration is currently
being reinforced thanks to the “Agencia Española de Cooperación Internacional” (AECI; Azahar
programme) which has financed a double Brewer spectrophotometer for the Tamanrasset station
and a multi-channel moderate band-width radiometer for the Assekrem station, which will be
deployed in 2008-2009. This new equipment in a strategic site in the middle of the Sahara will fill
an important gap in the GAW observational capacity, and will constitute a unique ozone, UV and
aerosol ground-truthing facility for space-based sensors.
AEMET is implementing 17025:2005 standard procedures in the National Radiometric Laboratory
installed in 2007 at the AEMET headquarters in Madrid (Spain). In near future, TOC and ozone
vertical observations will be provided in near real-time to ECMWF for the validation of the new
ozone forecast fields in the framework of the GEMS Project.
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The time series of AEMET’s Brewer UV irradiance data will be re-evaluated taking into account the
calibration results against the European standard and the cosine error. Historic data from
broadband UV radiometers will be also re-evaluated according to WMO recommendations.
The University of La Rioja will perform the project entitled “Prospective and Retrospective
Bioindication of UV Radiation using Aquatic Bryophytes”.

NEEDS AND RECOMMENDATIONS
Further developments are required in cloud forecasting. Accurate knowledge about effects of
clouds on UV is needed. These aspects are essential to achieve a realistic UVI prediction in
operational systems.
Near real-time data exchange within WOUDC, NDACC and other (NILU, CAL-VAL) databases
should be implemented as soon as possible. This would facilitate the ozone and UV validation
exercises of numerous existing models.
Monitoring systems should be expanded to Upper Troposphere-Lower Stratosphere (UTLS)
region.
The adoption of common methodologies for the calibration of UV radiometers, and the organisation
of periodic laboratory intercomparisons is needed and highly recommended in order to have
reliable and inter-comparable UV radiation observations.

****
Action
is:
to advance the understanding of UV radiation distribution under various meteorological conditions
in Europe in order to determine UV radiation climatology and assess UV cha
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SRI LANKA
Sri Lanka, a tropical island is located in the Indian Ocean at the southern tip of the Indian
subcontinent. The thin ozone layer over the tropics has shown little change throughout the year.
As such, UV radiation reaching the earth surface is expected to be high. Slight reduction in the
ozone concentration will have disastrous effects on the tropics including Sri Lanka. Therefore UV
and the total column ozone measurement are necessary in order to educate the public as well as
to take action for protection. There are satellite measurements being done and these observations
have to be improved. However in order to obtain a clear picture in a small area it is important to
have ground base measurements. These types of measurements are needed to compare with the
satellite base data in order to make any correction to satellite derived data as well. When the data
sparse tropics are considered, Sri Lanka is ideally located to set up a monitoring station that can
provide very valuable ground truth data to the world research community while using it for local and
national planning.
As party to the Montreal protocol, Sri Lanka, in cooperation with other countries, is phasing out the
consumption of ozone-depleting substances in an effort to safeguard the ozone layer. Sri Lanka
maintains records of ground level ozone concentration in Colombo city in relation to air pollution.
The Department of Meteorology, Sri Lanka started recording UV-B with Pyranometer about ten
years ago at two locations in Sri Lanka. However these instruments are now out of order.
In 2002 the Department of Physics of the University of Colombo has done some total column
ozone measurements using MICROTOPS II Sun Photometer. Short wavelengths of ultraviolet
radiation are much more readily absorbed by ozone than other long wavelengths in the same UV
bandwidth. Therefore the amount of ozone between the observer and the sun is proportional to the
ratio of two wavelengths of the solar ultraviolet radiation. MICROTOPS II uses this relationship to
derive the total ozone column from the measurement of 3 wavelengths in the UV region; 300nm,
305.5nm and 312.5nm respectively.
This study reveals the ozone variation over Sri Lanka obtained from ground based measurement
at various locations over more than five months. They have selected Colombo, Galle,
Hambanthota, Monaragala, Diyatalawa and Kandy as locations for measurements in order to cover
various geometrical positions. Hourly measurements have been taken from middle of November2002 to June –2003, 8.00 a.m. to 5.00 p.m. At noon, the highest ozone density is observed in
diurnal variation due to high solar activity. Averaged ozone value, 283 DU for this period is
observed and the highest value is found in May and February/March has the lowest values. Most
of data has been collected in remote areas and the difference between the places has been
minimal. The maximum value recorded is 385DU and minimum is 215 DU.
The instruments used in this study are not working properly now and there are difficulties in
repairing or replacing them mainly due to problems in obtaining funds. Therefore Sri Lanka is in
need of assistance to set up a network of stations for observations and research. With such
assistance Sri Lanka will be in a better position to join the global community through research as
well as in providing data.
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Average total column Ozone values for Sri Lanka.
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Diurnal variation of total column ozone on December 15, 2002.

****
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SWEDEN
OBSERVATIONAL ACTIVITIES
Column measurements of ozone
Total ozone is monitored at two sites in Sweden by SMHI (Swedish Meteorological and
Hydrological Institute) on behalf of the Swedish Environmental protection Agency. Daily
measurements started in Norrköping in 1988 using the Brewer #6, which was replaced by Brewer
#128 in 1996. In Vindeln manual measurements started in 1991 using the refurbished old Dobson
#30 and since 1996 the automatic Brewer #6 is used. Much efforts has been spent on improving
the methods to retrievs good observations at low solar elevations, Josefsson (2003). Recently, all
zenith sky observations recorded by the Dobson (1991-2007) have been recalculated using a new
algorithm Josefsson and Ottosson Löfvenius (2008).
Profile measurements of ozone and other gases
At the Swedish Institute of Space Physics in Kiruna there are a number of sophisticated
instruments in operation. Special radars can track the circulation in the stratosphere. LIDAR gives
a profile of the ozone and aerosols in the stratosphere, when there are no interfering clouds. There
is also an instrument KIMRA (Kiruna Millimeter wave radiometer) that is used to monitor O3, ClO,
N2O and HNO3. The vertical resolution may not be the best, but it is independent of the weather so
it can operate continuously. Forschungszentrum Karlsruhe has located a Fourier-Transform
Infrared Spectroradiometer at the same site to record long-term trends. There is also a DOASinstrument from NIWA and University of Heidelberg recording primarily total ozone and the column
amounts of a number of other species.
UV measurements
Broadband measurements
Monitoring of broadband UV (CIE-erythema weighted) started relatively early in Sweden.
Supported by SSI (the Swedish Radiation Protection Agency) SMHI has been measuring since
1983. Josefsson (2006). There has also been a small network of five stations for a limited period.
Presently, SMHI operates one station in Norrköping using a Solar Light Model 501. In the
northernmost part of Sweden the Abisko Scientific Research Station is also running a similar
instrument.
Narrowband filter instruments
The SSI runs three stations, Stockholm, Tylösand and Visby, using GUV-instruments.
Spectroradiometers
In between the monitoring of total ozone both Brewer instruments operated by SMHI are used for
recording about one UV-spectrum per hour. These data have been included in EC-funded projects
SUVDAMA, EUDUCE and SCOUT-O3, e.g. Bais et al. (2007), Outer den (2006).

Calibration activities
The Brewer instruments for total ozone are calibrated and serviced regularly by three year interval
by IOS (International Ozone Services Inc.). Thus the output will be traceable to the Brewer Triad,
which forms the WMO/GAW calibration centre. The Dobson instrument is recalibrated at longer
time intervals by visits to the WMO regional calibration centre at Hohenpeissenberg, Germany. The
last calibration was in June 2007 and the next is planned to be within three years to be able to
replace some of the electronics before the expert on this retires.
The broadband UV-meter used at Norrköping has participated in a number of international
comparisons, see e.g. Gröbner et al (2002), Johnsen et al. (2006) and Josefsson (2006). Also the
radiometers used by SSI have participated in comparisons or have been compared to the one of
SMHI.
292

Due to lack of funding the absolute calibration
spectroradiometers have not been done for recent years.

(lamp

or

intercomparisons)
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the

RESULTS FROM OBSERVATIONS AND ANALYSIS
Controlled and processed total ozone and broadband UV-data are available from SMHI-web site
and/or WOUDC. Below is shown a summary of various observations made at Norrköping, Sweden.
Interestingly, the Brewer spectrophotometer data can also be used to compute the aerosol optical
depth (AOD), Cheymol et al (2006).

Figure 1:

Long-term, 1983-2007, CIE-weighted UV, total ozone, global radiation and
sunshine duration from Norrköping, Sweden. A linear trend is tested on the level
of 95% significance for each variable.

THEORY, MODELLING, AND OTHER RESEARCH
Modelling
In early 2000 the STRÅNG-model system Landelius, Josefsson and Persson (2001) was launched,
see http://produkter.smhi.se/strang/ as a co-operation between SMHI, the Swedish Environment
Protection Agency and the Swedish Radiation Protection Authority. Now, there is over 10 years of
hourly data available for anyone to download, period 1999- up to yesterday. The modelled
variables are CIE-weighted UV, global radiation, direct solar radiation, sunshine duration and
photosynthetic photon density (PAR). The geographical area covers a large part of northern
Europe with a present spatial resolution of 11 km. Swedish data has also been used for reconstruction of past UV-variation and for validation of these methods, see e.g. Kaurola et al (2007),
Lindfors et al (2007).
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Satellite
The Swedish satellite Odin has now been in orbit for more than seven years. On board there are
two instruments with connection to stratospheric studies a microwave radiometer, SMR, and an
optical spectrograph, OSIRIS. At Chalmers University of Technology data have been assimilated
from the SMR instrument into an atmospheric model. From this it is possible to estimate the ozone
loss over the period 2002-2007 caused by anthropogenic influence Rösevall et al.(2007a, 2007b,
2008). Using the OSIRIS instrument and limb scatter observations both ozone and nitrogen dioxide
can be retrieved with global coverage and also vertical resolution. These data can be used for
validating atmospheric models, Haley et al. (2004), Brohede et al. (2007a, b, c) Haley and Brohede
(2007), Brohede, Jones and J´egou (2007). Some work has also been done at Stockholm
University to validate photochemical models using satellite ozone and nitrous oxide data, Khosrawi
et al. (2006).

Figure 2:

Ozone depletion in all Arctic winters yet observed by the Odin/SMR instrument.
Vortex average losses in percent, The percentual losses of ozone in all Arctic
winters yet observed by the Odin/SMR instrument. Assimilated fields compared
to passively transported fields. (a)-Average ozone loss north of 67o. (b)- Average
ozone loss north of 75o. From Thesis of Rösevall (2007).

DISSEMINATION OF RESULTS
Data reporting
Daily total ozone data are submitted once a month to the WOUDC. These data are also available
at the www.smhi.se where also daily UV can be downloaded.
Information to the public
General information on the stratospheric ozone and UV-radiation can be found at www.smhi.se and
at www.naturvardsverket.se/
The SSI (the Swedish Radiation Protection Authority) has more public information on their web-site
www.ssi.se and in addition near real-time data from their three sites with UV-measurements. This
governmental authority also produce brochures and some of them are possible to download from their
web site. They have also had activities with the goal to change the behaviour of people mainly
directed towards children. One activity was to publish and distribute “A book about the sun” to all
kindergartens (8000) in Sweden, http://www.ssi.se/UVindex/PDFer/EnBokOmSolen.pdf another one
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was to educate the teachers of preschools and primary schools on the basics of and risks of UV.
Collaboration with the Swedish Life Saving Society offers sun protection information to many
thousands of children every year.
The distribution of the daily UV-index forecasts from SMHI started in 1993 at the end of June and
lasted to the end of the summer. In 1994 the distribution started in spring as a weekend forecast at the
end of each week. This forecast was valid for clear skies and for the optimal slope (the sloping surface
receiving the maximum radiation). During the summer season the daily forecast produced included
the effect of clouds.
At a WMO-meeting in July 1994 it was agreed that the UV-information to the public should be
harmonised. The meeting agreed on a minimum set of criteria that the UV-information should be
based on. Starting in spring 1995 the Swedish UV-index was changed according to these
recommendations. One large change was the introduction of the new action spectrum (from ACGIHNOISH to the CIE-erythemal action spectrum recommended by WMO, WHO and ICNIRP. For the
public the most apparent change was seen in the new scale range. This was a shift from 0-100 to
roughly 0-16.
In 1996 the UV-index forecast of SMHI was introduced on the World Wide Web (http://www.smhi.se)
as a Table for 15 regions in Sweden and three resorts. Next year, 1997, the graphical layout was
improved and since then the daily course of the UV-index is presented for a number of climatological
similar regions in Sweden. During the first winters there was no forecasting of UV-index done. The
season started in late March and stopped at the end of August. After the year 2000, it is in operation
all the year around. There is also some additional text presenting the some specific features of
interest regarding UV-radiation in general.
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SWITZERLAND
OBSERVATIONAL ACTIVITIES
Column measurements of ozone
Total ozone is measured regularly at Arosa since 1926. Presently, the measurements are
performed with two partly computer-controlled Dobson spectrophotometers (D101 & D062) and
three Brewer instruments B040, B072 (Mark II) and B156 (Mark III).
Profile measurements of ozone
Balloon ozone soundings are measured from the Payerne Aerological Station three times per week
since 1968. Until August 2002, Brewer-Mast (BM) ozonesondes were used while since September
2002 ECC (ENSCI – 0.5%) sensors are the operational instruments.
The Umkehr ozone profiles are recorded at sunrise and sunset at Arosa since 1956 in clear sky
conditions. Originally the measurements were performed manually but since 1989, the data
acquisition of the Dobson Umkehr (D051) is computer-controlled. In 1988, the Brewer (B040)
Umkehr series have started and presently the three Brewer are simultaneously measuring the
Umkehr profiles.
Since 2001, ozone profiles (20 – 70 km) are retrieved at Payerne from the radiometer SOMORA.
This instrument delivers thirty minutes averaged profiles continuously.

UV measurements
The Swiss Atmospheric Radiation Monitoring programme (CHARM) consisting of 4 stations
covering the altitude range of 366 to 3587m was build up between 1995 and 2000. The
measurements programme consists of :
Broadband measurements: the direct, diffuse and global components of the broad-band
erythemal UV-ERY radiation (Solar Light UV-Biometers) are measured.
Narrowband filter instruments: spectral direct irradiances are measured with Precision Filter
Radiometers (PFR) at 16 wavelengths in the range 305 nm to 1024 nm.
Besides the direct measurements, the UV index, the AOD at various wavelengths as well as the
Integrated Water Vapour (IW) are calculated from those data.
Spectral Brewer UV measurements: at Arosa, since 1994 spectral global UVB measurements are
recorded with the Brewer instruments 072 on the range 290 nm – 325 nm. Since 1998, the Brewer
Mark III 156 is in operation and it measures the range 286.5 - 363 nm.

Calibration activities
At Arosa, regular calibrations and maintenances are organised for the Brewer (every year) and for
the Dobson instruments (every 4 years) traceable to the world standards.
Each ozonesonde is calibrated prior to the flight again a reference UV photometer.
The CHARM instruments are compared to reference instruments traceable to the world standards.

Halocarbon measurements at the global GAW station Jungfraujoch
The high Alpine site of Jungfraujoch (3580m) is one of a few stations covering the entire
measurement programme of the GAW concerning greenhouse gases and reactive gases.
The measurements of chlorocarbons (CFCs, HCFCs) and bromocarbons (halones) are performed
continuously at Jungfraujoch since the year 2000. They are part of the SOGE – network (System
for Observation of Halogenated Greenhouse Gases in Europe), which is an associate programme
to the world-wide AGAGE programme (Advanced Global Atmospheric Gases Experiment). Since
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February 2008 the identical preconcentration unit (“MEDUSA”) as used within the AGAGE network
has been installed at Jungfraujoch for the continuous measurements.

RESULTS FROM OBSERVATIONS AND ANALYSIS
Ozone at MeteoSwiss / Payerne (Dr. R. Stübi, P. Jeannet)
A detailed analysis of the 35 years long series of BM ozone sounding at Payerne has been
published in 2007 (Jeannet et al. 2007). An updated trend analysis is included in this paper and the
seasonal trends are reproduced in the figures below (see the reference for further details).

Figure 1:

Trend profiles of the homogenized Payerne ozone sounding series. On the left
panel, the trends over the periods 1970-1989 (1970-1995) for the troposphere
(stratosphere) are given. On the right panel, the similar results for the period
1990-2006 (1996-2006) for the troposphere (stratosphere) are reported.

As mentioned earlier, the ozonesonde type for Payerne station has been changed in 2002. Prior to
this change, a systematic analysis of the difference between BM and ECC ozonesondes has done
over a long period of time. The final results are published in Stübi et al, 2008. In figure 2, the
seasonal difference profiles between BM and ECC based on more than 100 dual flights are given.
For further details on this analysis, see Stübi et al., 2007 Other similar studies related to the
difference between ozonesondes have been realised in international projects. The Payerne team
has participated to the JOSIE (Smit et al. 2007) and BESOS (Deshler et al. , 2008) campaigns.

Figure 2:
Seasonal difference profiles between
Brewer-Mast and ECC ozonesondes from
dual flights campaigns. Left panel: the
direct difference [mPa]; middle panel:
standard deviation [mPa]; right panel:
relative difference [%].
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UV at MeteoSwiss / Payerne (Dr. L Vuilleumier, D. Walker)
The European COST action 726 deals with the long term changes and climatology of ultraviolet
(UV) radiation over Europe. The main objective is to advance the understanding of UV distribution
under various meteorological conditions. In the framework of this study, MeteoSwiss focus on the
interaction of erythemal UV radiation with clouds and the complex alpine topography including
varying snow coverage. Measured time series of erythemal UV radiation are often too short and
spatially sparse to draw climatological conclusions as requested by the users’ community.
Therefore, different approaches for UV reconstruction (inference of UV radiation ground flux based
on proxy data and modeling) are assessed.
In the course of this study the short-term variability of UV radiation due to clouds and turbidity of
the atmosphere is analyzed. The introduction of clouds in radiative transfer models (RTMs)
requires detailed information about cloud properties and for the simulation of the most frequent
scattered cloud situations even 3D modeling techniques are necessary. Therefore, we restrict the
application of the RTM to clear sky conditions and investigate the cloud influence using shortwave
global radiation (SW) as a proxy. Shortwave global radiation not only holds information about the
transmittance of the atmosphere but is also a very common parameter measured within
meteorological networks that usually offers superior spatial coverage and longer reliable time
series than UV radiation.

Figure 3:

The relationship between the cloud modification factors (CMFs) in the shortwave and
UV range at the BSRN station Payerne (CH) is shown. The CMFs represent the ratios
between observed irradiances and their respective values in case of clear sky
conditions. They describe the effect of clouds and turbidity on radiation with respect to
clear-sky conditions. The relationship can be separated into three clusters representing
different meteorological situations: a circular shaped data cluster (green) close to a
CMFUV of one describes situations close to clear sky conditions. On the other hand, the
data shown in red or blue represent cloud situations with more or less intense cloud
coverage, respectively. This separation of the data is found at all stations in Switzerland
that measure UV, independently of the climate regime of the meteorological station.

299

University of Bern / IAP (Prof N. Kämpfer, Dr. K. Hocke)
Two ozone microwave radiometers (GROMOS and SOMORA) are continuously operated by IAP at
University of Bern and by MeteoSwiss at Payerne. Both microwave radiometers provide ozone
profiles with a vertical resolution of about 8-10 km and a time resolution of about 30 min to various
data centres such as NDACC and the Aura Validation Data Centre (Hocke et al., 2007). Currently
a homogenization of the data sets of GROMOS and SOMORA is in work in order to generate a
long term series for detection of ozone trends (GROMOS: 1994-2000; SOMORA since 2000;
Figure 4).

Figure 4:
Homogenized time series
from the GROMOS (1994 –
2000) and SOMORA (since
2000) radiometers.

The sampling time of the ozone profiles can be
shortened from 30 min to 2 min so that the ozone
measurements can be utilized for monitoring of tides
and gravity waves in the middle atmosphere. Figure 5
shows such an analysis of the GROMOS data from
February, 2nd 2008.
Figure 5:
Ozone mixing ratio deviations from the mean on specific
pressure levels (top: 0.1 hPa; bottom: 53.9 hPa). This
corresponds to an altitude range from ~19 km to ~62 km.
The data are filtered with a band path between 20 and 40
minutes

ETH Zurich / IAC (Prof J. Staehelin, Dr. B. Scarnato)
Comparisons of spectrophotometric total ozone measurements of Arosa: The extended data set of
Arosa mentioned in § 1.1 allows for detailed comparisons of total ozone measurements of Dobson
and Brewer spectrophotometers. Part of the differences of the column ozone of the two types of
standard instruments (see Fig. 6) can be attributed to the different wavelengths and the
temperature dependences of the ozone cross sections used in the two instruments. Note, that the
retrieval algorithms of the two spectrophotometers ignore atmospheric temperature variability. The
data analysis (Scarnato et al., 2008a) also indicated, that the accuracy of well calibrated and
maintained sun spectrophotometers are presently limited by the information of the ozone cross
sections and their dependence on temperature in the wavelength band of 300-340 nm, where
ozone cross section considerably depend on temperature. Using an empirical approach a transfer
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function could be deduced allowing for conversion of Dobson in Brewer measurements and vice
versa (Scarnato et al., 2008b).
Figure 6: Time series of
measurements of column ozone
of a Dobson (first panel)
operated at Arosa. The second
panel shows the difference of
the coincident data from a
Brewer and a Dobson The
bottom panel, the Dobson
measurements are converted to
the Brewer scale applying a
empirical
transfer
function
(Scarnato et al., 2008b)

The readings of the historical total ozone series of Oxford (UK) was digitized and homogenized
(Vogler et al., 2007).
A global three dimensional ozone data series in the framework of theta/equivalent latitude
coordinates was produced by data assimilation from a satellite total ozone series (Brunner et al.,
2006a). The data series can be used for trend analysis using multiple regression analysis (Brunner
et al., 2006b)

EMPA Dübendorf / Zürich (Dr. S. Reimann)
The continuous in-situ measurements at Jungfraujoch are used to detect trends of ozone-depleting
halocarbons (CFCs, HCFCs, halones) in the free troposphere over Europe [Reimann et al., 2008].
As an example measurements of HCFC 141b at Jungfraujoch are shown in Fig. 7. After usage was
forbidden in the non-Article 5 countries in 2003, pollution events declined and the trend levelled out
[Derwent et al., 2007].
60
polluted
background
depleted
fit

50

ppt

40
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Furthermore, measurements have been used to calculate the positive trade-offs of the Montreal
Protocol to climate change by the curbing of the greenhouse active CFCs and HCFCs [Steinbacher
et al., 2008].
Continuous in-situ measurements at Jungfraujoch could be used to justify Europe’s phasing-out of
methyl chloroform [Reimann et al., 2005], previously challenged by data from a short-term airplane
campaign [Krol et al., Nature, 2003].
Pollution events from the European boundary layer can be used for the localisation of potential
European source regions of ozone-depleting halocarbons. For this purpose concentrations during
pollution events are linked with the respective trajectories from MeteoSwiss (COSMO). Results of
the temporal development of the emissions for HCFC 141b are shown in Fig. 8.
2003

Figure 8:

2004

2005

2006

Source regions from trajectory statistics of HCFC 141b between 2003-2006 at
Jungfraujoch. Units indicate averaged relative increase over the baseline, linked to
trajectories that passed over the respective grid cell.

DISSEMINATION OF RESULTS
Data reporting
The ozone data from Arosa, respectively Payerne are regularly deposited at the WODC and at the
NDACC data centres. They are also deposited at NILU data centre for validation projects and
measurements campaigns (Satellites, ECMWF, MATCH).
The SOMORA radiometer data are deposited at NDSC and NILU data centres.
The radiation data from the CHARM Payerne station are deposited at the WRM-BSRN data centre.

Information to the public
The UV forecasts are issued daily during the summer months in many newspapers, on different
web sites (public media, national institutions) and at the TV weather presentations. The alerts for
high ozone concentration at surface level are also announced when necessary in the same
information channels.
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PROJECTS AND COLLABORATION
Besides of the activities in the framework of the national and international monitoring and research
programmes, Switzerland contributes to the international WMO/GAW programme through the
following services and cooperations:
•
•
•
•

Support to the ozone sounding station Nairobi of the Kenyan Meteorological Institute,
World Optical Depth Research Centre (WORCC) at Physikalisch-Meteorologisches
Observatorium / World Radiation Centre (PMOD /WRC) in Davos
World Calibration Centre (WCC) and Quality Assurance /Science Activity Centre
(QA/SAC) for Surface Ozone, carbon monoxide and methane at the Swiss Federal
Laboratories for Materials Testing and Research (EMPA) in Dübendorf.
Support to the Jungfraujoch site which recently reached to the status of global GAW
station

At the national level, there is an important cooperation between the national Weather and Climate
office (MeteoSwiss) and the academic and research institutions. This collaboration organised
within a national GAW-CH programme allows to support research projects for the development and
improvement of the monitoring programme as well as for the data analysis.
The continuous measurements of ozone-depleting substances (CFCs, HCFCs, halones) is part of
the SOGE – network (System for Observation of Halogenated Greenhouse Gases in Europe),
which is an associate programme to the world-wide AGAGE programme (Advanced Global
Atmospheric Gases Experiment). Combine information on remaining emissions of ozone-depleting
chloro-and bromocarbons (CFCs, HCFCs, halones) by merging measurements and meteorological
information from different European background sites within the SOGE network in conjunction with
AGAGE will be further developed.
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