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Quantifying human induced CO2 and other air pollutants in ambient air is important in air quality and climate 
change research, particularly in addressing the issue of the continued increase of atmospheric CO2.  
Elemental and organic carbon (EC & OC) components in fine carbonaceous particulate matter (PM) are key 
air pollutants, existing in urban, rural and remote environments.  It is known that they are released from 
various emission sources (e.g., fossil fuel combustion, biomass burning, primary biological matter) and also 
produced in the atmosphere from photochemical oxidation of gas phase organics.  Tracking their spatial (e.g., 
from urban to rural to background air or latitudinal) and temporal (e.g. seasonal and inter-annual) 
distributions will provide valuable information for constraining their emission strength and propagation 
mechanisms, assessing the impact of human induced emissions on current ambient concentrations or 
deposition rates, as well as in evaluating the effectiveness mitigation actions of these pollutants.  
 
Quartz filter samples were collected for one year (2006-2007) at five sites in Canada (see the map), from 
Toronto (a typical urban site), Egbert (a rural site, ~ 80 km northwest of Toronto), to Fraserdale, and Berm-
TT (both are continental boreal forest sites), to Alert (an Arctic baseline site).  EC/OC concentrations were 
determined using a thermal/optical method.  The magnitude of pyrolized organic carbon (POC), which is 
produced in the analysis and proportional to oxygenated OC on the filters, was also obtained from these 
measurements.  A subset of the samples was selected for δ13C measurements in each carbon fraction (i.e., 
OC, POC and EC).  The EC & OC measurements have been co-located with measurements of aerosol optical 
properties and greenhouse gas concentrations.  It is anticipated that these measurements will continue to be 
part of long-term measurement program in Environment Canada’s GHGs & Aerosol Observation Network 
allowing an integrative approach to track and assess the human impact on climate change.  
 
The spatial and temporal distributions, including annual means and the seasonal variations of EC, OC, POC 
and their related ratios (e.g. OC/EC, POC/OC), were derived.  Combined with the δ13C information, it was 
found that the spatial gradients of EC and OC (shown on the map) during different seasons from urban, rural 
and background air over Canada were mainly due to the propagation of human induced emissions for the 
period of observation. However, 
biomass burning and biogenic 
emissions, as primary sources, and 
atmospheric photochemical 
oxidation processes play important 
roles in influencing seasonal 
variations at the different sites.  
 
Similar measurements for the same 
period of time from Beijing, a mega-
city in China, and the average value 
for a two-month (April-May, 2006) 
at Whistler Mountain on the west 
coast of Canada, will also be shown 
to provide insight on the impact of 
long-range Asian-Pacific transport 
on the ambient levels of EC/OC over 
Canada.   
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Atmospheric Monitoring of the Malaysia Meteorological Department, Ministry of Science, Technology 
and Innovation, Malaysia. 
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E-mail: llk@met.gov.my 
 
The Malaysian baseline Global Atmosphere Watch 
(GAW) station in Danum Valley, Sabah was 
established in October 2004. It is located at latitude 4o 
58' 53" North, longitude 117o 50' 37" East, elevation 
426m above MSL in the State of Sabah, Malaysia. The 
station is in a conservation area surrounded by tropical 
lowland forest. The goals of establishing the GAW 
station in Danum Valley are to obtain long-term, 
reliable, comprehensive observations of the chemical 
composition and selected physical characteristics of 
the atmosphere on a global scale. 
 
At present, the GAW station monitors the following 
parameters: 
1. Carbon dioxide using the Australian LoFlo System 
with intakes at three levels. 

                       2.CFCs, Methane and Nitrous oxide by flask sampling 
and analysis by the University of Tokyo, Japan. 
3.Precipitation chemistry with the Ecotech wet-only 
collector and analysis by the national laboratory for 
the East Asia Acid Deposition Network (EANET). 

                       4.Aerosol characteristics such as aerosol loading, back 
scattering, black carbon and aerosol optical depth. 
5.Reactive gases by filter-pack method for EANET. 
6. Persistent organic pollutants by passive sampling. 

             7.Surface ozone 
8.Meteorological parameters with the Viasala 
Automatic Weather System 
 
The station is also part of the East Asia Acid 
Deposition Monitoring Network (EANET) and 
supports research activities that are conducted at the 
Danum Valley Field Centre by scientists from the 
British Royal Society, which manages the centre. 
Total column ozone and UV radiation measurements using the Mark II Brewer Spectrophotometer No. 90 
are carried out at the urban station in Petaling Jaya while ozone profile soundings using the Vaisala Digicora 
system are made twice a month at the Kuala Lumpur International Airport Meteorological Station.UV-B and 
ozone data from the measurements made by the Brewer Spectrophotometer and the sondes since 1992 are 
submitted to the world data centres regularly. A number of joint studies and papers were published based on 
the information generated by this activity. 

Figure 1.  Danum Valley, Sabah GAW staion.  
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GAW Activities at Empa 
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   8600 Dübendorf, Switzerland; 41 44 823 4127; Fax:  41 44 821 62 44; E-mail:  joerg.klausen@empa.ch 
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QA/SAC Switzerland and WCC-Empa contribute to WMO’s GAW programme – inter alia – with the GAW 
Station Information System (GAWSIS), auditing and calibration of global GAW sites for the parameters 
surface ozone, carbon monoxide, methane and nitrous oxide (the latter in collaboration with WCC-N2O), and 
active twinning partnerships with the global GAW sites Bukit Koto Tabang (Indonesia), Mt. Kenya (Kenya) 
and Assekrem (Algeria). This presentation will give an update on the functionalities of GAWSIS and the 
integration with the GAW World Data Centres; recent activities of WCC-Empa with respect to maintaining 
the traceability of the global network; and discuss results of our collaboration with selected GAW stations in 
developing countries. 
 
 

Figure 1.  Annual cycle of the relative 
frequency for different trajectory clusters 
identified for Mt. Kenya GAW station 
(MKN), documenting the distinct seasonal 
pattern of the monsoon flow over the Indian 
Ocean. NIO: Northern Indian Ocean; SA: 
Southern Africa; SIO: Southern Indian 
Ocean; NA: Northern Africa; AP: Arabian 
Peninsula; EA: Eastern Africa 
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Figure 2.  Time series of surface ozone observed at the 
global GAW Stations Assekrem (Algeria, 2770 masl), 
Bukit Koto Tabang (Indonesia, 964 masl), and Mt. 
Kenya (Kenya, 3678 masl). The different ozone levels 
and the variation of ozone concentrations reflect the 
different setting of these sites in terms of geographical 
location and altitude, as well as different ozone 
production and destruction regimes. 
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Quality Assurance and Quality Control in the WMO-GAW-VOC Network 
 
R. Steinbrecher and S. Thiel 
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+49 8821 183 217, Fax: +49 8821 73573, E-mail: rainer.steinbrecher@imk.fzk.de 

 
Tropospheric volatile organic compounds (VOC) are one of the recommended measurements to be made at 
global stations under the Global Atmosphere Watch (GAW) programe of the World Meteorological 
Organization (WMO). The purpose is to monitor their atmospheric abundance, to characterize the various 
compounds with regard to anthropogenic and biogenic sources for evaluating their role in global tropospheric 
ozone. Because of their relatively short residence in the troposphere, a representative global background 
level can not be easily established, since it would require hundreds or even thousands of measurement sites. 
Therefore, the objective of GAW-VOC monitoring is to produce high quality data with known uncertainty at 
specific representative sites for major biomes. Reported mole fractions and compound ratios of VOC are then 
used for characterization of the photochemical age of air masses and transport processes. Furthermore, those 
data are needed as input for global/regional climate modeling based on Chemistry-Transport-Models (CTM) 
to validate their performance, e.g. for understanding the OH-radical, ozone and SOA distributions. 
 
The GAW QA/QC procedures are in line with the following principles: (1) to use internationally accepted 
methods and vocabulary to describe the uncertainty in measurements; (2) to harmonize the measurement 
methodology at stations by using measurement guidelines (MGs) and standard operating procedures (SOPs); 
(3) to conduct regular performance and system audits aimed at checking the station’s agreement with the 
GAW QA/QC system. 
 
The WCC-VOC does not aim at maintaining its own calibration scale, but will be linked to the VOC scale 
maintained by the Central Calibration Laboratories to be established. Further information about the WCC-
VOC can be obtained from http://imk-ifu.fzk.de/wcc-voc/. Some results from recent audits and inter-
comparisons at GAW-stations will be presented and discussed. 
 

           
 
Figure 1.  The Global Atmosphere Watch network and its QA/QC system. 
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Climate Variability in the Region of Future Tiksi Hydrometeorological Observatory from a New 
Digital Archive of Meteorological Data - Sakha Republic, Russia 
 
A. Makshtas¹, N. Ivanov¹, S, Shutilin¹, and T. Uttal² 
 
¹Federal Service for Hydrometeorology and Environmental Monitoring (Roshydromet), Arctic and   

Antarctic Research Institute, Saint Petersburg, Russia; 812-352-2152, Fax: 812-352-2688,  
  E-mail: aaricoop@aari.ru 
²NOAA Earth Systems Research Laboratory, Boulder, CO 80305 
 
Roshydromet and NOAA have developed a formal collaborative project entitled “Establishing a Modern 
Weather Station and Research Observatory in Tiksi, Russia”.  This joint project exists under the 
framework of the NOAA-Roshydromet Memorandum of Understanding for Cooperation in the Areas of 
Meteorology, Hydrology and Oceanography.  A significant contribution to this project has been a 
Roshydromet project to create an electronic archive of standard meteorological observations from 1932 
to 2007 from the original, non-digital records. Presented here are preliminary results of statistics 
calculated for air surface temperature, surface pressure, wind velocity, and cloudiness.  The preliminary 
analysis indicates that the distribution of probabilities for all months is single modal, and seasonal 
variability is captured in the evaluations of not only mean values, but also in dispersions and extremes. 
Quantile analysis allows the specification of synoptic influences on the distribution characteristics and 
the variability of climatic characteristics in the area under study. It is shown for instance, that asymmetry 
in air temperature distribution in summer is determined substantially by large positive temperature 
anomalies. The analysis of wind velocity has shown anisotropy of the distribution by wind direction with 
strongest winds from the South-West. Strongest winds (up to 35 m/s) as well as the highest frequency of 
calm conditions are observed in winter. Both winter and summer seasons have small positive trends in 
surface air temperature, and winter has a pronounced increase in maximum and decrease in minimum 
surface air temperatures. One of the most interesting features is the strong decrease (from nine to six 
tenths) of total cloudiness and an increase of specific humidity in summer.  The new Tiksi data has also 
been used to specify the dates of fast ice formation (in fall) and breakup (in spring) in the AARI 
thermodynamic sea ice model. This in combination with local climatic information regarding temporal 
variability of snow thickness on sea ice in has resulted in significant improvements in the ability of the 
model to adequately reproduce the time evolution of fast ice thickness.  This new digital archive of 
meteorological data for Tiksi will provide a historical foundation for analysis of measurements in the 
new Tiksi Observatory.  In addition, it will be an important resource in determining an operations plan 
for new monitoring efforts at the new Tiksi Hydrometeorological observatory as it evolves into a climate 
observatory to support circum-Arctic observations.  
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Figure 1.  Total Cloudiness in summer.   Figure 2.  Specific Humidity in summer. 
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Observations of Mercury Species and Halogens at Summit, Greenland 
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E-mail: Steve.Brooks@noaa.gov 

2Institute for the Study of Earth, Oceans, and Space, University of New Hampshire 
3Uiversity of California – Los Angeles 
4University of East Anglia, UK 
5School of Earth and Atmospheric Sciences, Georgia Institute of Technology 
6University of Houston, Texas 
7NASA Langley Research Center, Hampton, VA 23681 
 
During May and June 2007 a field campaign was carried out at Summit, Greenland, to investigate the 
importance of halogens and mercury chemistry in this remote environment. Instruments were deployed to 
obtain a large suite of observations that included: Hg (gaseous elemental, reactive gaseous, and particulate-
bound), BrO, OH, RO2, CO, NO, O3, HCl, HNO3, HO2NO2, SO2, soluble bromide, snow ionic composition, 
and J values. Significant levels of BrO (up to 5 pptv) were often observed by both a differential optical 
absorption spectrometer (DOAS) and a chemical ionization mass spectrometer (CIMS). Depletion of 
elemental mercury and production of reactive gaseous mercury was observed daily. These results indicate 
that halogen-mercury chemistry is active at Summit during summer.  
 
These were the first-ever monitoring of reactive gaseous mercury (RGM), fine particulate mercury (FPM), 
and gaseous elemental mercury (GEM) concentrations at Summit. Under sunlight conditions bromine gas 
dissociates, catalyzes the destruction of ozone, and oxidizes gaseous elemental mercury (GEM or Hgo) to 
reactive gaseous mercury (RGM) via: 
 

Br2+ hν  2Br; Br + O3  BrO + O2  ;BrO + BrO  Br2 + O2 
or 

Hgo + Br    HgBr (radical precursor to RGM, favored by cold temperatures) 
 
The newly formed RGM then deposits rapidly to the snow pack with a high deposition velocity (~1-2 cm/s), 
or becomes bound to airborne particles forming fine particulate mercury (FPM).  At Summit we detected 
well-defined RGM peaks at maximum solar elevations, and broad FPM enhancements at minimum solar 
elevations.  After midday RGM production, when the surface snow was greatly enhanced with oxidized 
mercury, GEM concentrations in the near surface air commonly showed sharp peaks caused by mercury 
photoreduction within the top few centimeters of the snow pack.  
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Figure 1.  Mercury Speciation at Summit May 14-19, 2007. 
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In Situ Ground and Aircraft Observations of Carbonyl Sulfide (COS): Evidence for Uptake 
 
J.W. Elkins1, G.S. Dutton2, F.L. Moore2, S.A. Montzka1, and B.D. Hall1  
 
1NOAA Earth System Research Laboratory, 325 Broadway, Boulder, CO 80305; 303-497-6224,  
   Fax: 303-497-6290, E-mail: James.W.Elkins@noaa.gov 
2Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, CO 80309 
 

Carbonyl sulfide (COS) is an important trace gas in the atmosphere, because it is a strong infrared absorbing 
gas and contributes to 25-50% of the total source stratospheric sulfate aerosol layer, which also catalyzes 
stratospheric ozone depletion.   Atmospheric levels of COS have increased about 150-200 ppt in the 
atmosphere since the industrial revolution of the 1750s . The increase may be related to enhanced emissions 
of sulfur from fossil fuels and other industrial activities.  While the trace gas COS has the strongest direct 
positive climate forcing of all of the minor greenhouse gases (SF6, HFCs, HCFCs, solvents, halons), it has a 
negative indirect climate forcing because it is a source of stratospheric sulfate aerosols that can cool the 
atmosphere. COS has a strong seasonal cycle because there is strong uptake by plants similar to the CO2 
uptake during photosynthesis.  Our understanding of gross terrestrial primary production may be improved 
through the study of atmospheric COS.  This talk will focus on recent ground based in situ observations from 
NOAA ESRL baseline observations and in situ airborne observations from the tropics and polar regions that 
show a pattern of uptake at the surface.  For example in the Pt. Barrow, Alaska high frequency observations 
shown below, this pattern is seen during the period of high seasonal emissions of chloroform (green) where 
now has melted and surface vegatation is exposed, which permits photosynthetic uptake and depletion of 
O2 (black) and COS (red) in air masses originating over the arctic tundra. 

s
C
 
 

 
 

Figure 1.  Concentrations of CHCl3 (green), CO2 (black), and COS (red) at Pt. Barrow, Alaska in 2006. 
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Selected Results from Trace Gas Inter-comparisons Between AGAGE In Situ and NOAA Flask Data 
 
P.B. Krummel1, L.P. Steele1, P.J. Fraser1, L.W. Porter1, N. Derek1, S.A. Montzka2, E.J. Dlugokencky2,  
G.S. Dutton3, B.D. Hall2, J.W. Elkins2, B.R. Miller3, P.K. Salameh4, J. Mühle4, C. Harth4, R.F. Weiss4,  
S. O’Doherty5, P.G. Simmonds5, B.R. Greally5, and R.G. Prinn6 
 
1Centre for Australian Weather and Climate Research/CSIRO Marine and Atmospheric Research,  
   Aspendale, Victoria, Australia; 61-3-9239-4568, Fax: 61-3-9239-4444, E-mail: paul.krummel@csiro.au 
2NOAA Earth System Research Laboratory, Boulder, CO 80305 
3Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, CO 80309 
4Scripps Institution of Oceanography, University of California, San Diego, La Jolla, CA 92093 
5School of Chemistry, University of Bristol, Bristol, UK 
6Department of Earth, Atmospheric and Planetary Sciences, Massachusetts Institute of Technology, 
   Cambridge, MA 02139 
 
It is becoming increasingly important to accurately merge atmospheric trace gas data sets from different 
laboratories and different calibration scales to use them for global interpretative and inverse modeling studies 
in order to determine sources and sinks of these trace gases. To facilitate this, on-going inter-comparisons of 
in situ data with independent flask and/or in situ data collected at common sites are useful as they are 
sensitive diagnostic tests of data quality for the laboratories involved, and they provide the basis for merging 
these data sets with confidence. 
 
For the past 8 years up to 250 inter-comparisons of non-CO2 greenhouse gases have been carried out twice 
yearly and presented at meetings of AGAGE scientists and cooperating networks. The majority of these 
inter-comparisons are between AGAGE in situ and NOAA flask data (HATS and CCGG) at the five 
common measurement sites; Cape Grim, American Samoa, Barbados, Trinidad Head and Mace Head. 
 
In this presentation the inter-comparison methods will be outlined and results from selected comparisons will 
be shown. A brief summary of the overall level of agreement between AGAGE and NOAA data will be 
given. 
 

      
 
Figure 1.  Example of AGAGE in situ vs NOAA flask data inter-comparison for HCFC-142b (left) and CH4 (right) at 
Cape Grim. The HCFC-142b comparison shows an offset between the two data sets due to different calibration scales 
(SIO-2005 and NOAA HFC-142b scales) and indicates a small trend with time. The comparison for CH4 shows 
excellent agreement between the two data sets and calibration scales (Tohuku University and NOAA-2004 gravimetric 
CH4 scales). 
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Measurements of Light Alkanes (C2-C4) in Firn Air at Summit, Greenland and West Antarctic Ice 
Sheet Divide, Antarctica:  Is there Evidence for a Recent Decline in Polar Tropospheric Levels? 
 

M. Aydin1, E.S. Saltzman1, M.B. Williams2, E. Sofen3, and M. Battle4  
  
1UC Irvine, Department of Earth System Science, Irvine, CA 92697; 949-824-3876, Fax: 949-824-3874,   

E-mail: maydin@uci.edu 
2Bay Area Environmental Research Institute/NASA Ames, Sonoma, CA 95476 
3University of Washington, Department of Atmospheric Sciences, Seattle, WA 98195 
4Bowdoin College, Department of Physics and Astronomy, Brunswick, ME 04011 
 

Light alkanes are an important part of the tropospheric photochemical system, acting as precursors for ozone 
(O3) and carbon monoxide (CO) and as a removal mechanism for the hydroxyl radical (OH.)  In this study, 
we report measurements of ethane (C2H6), propane (C3H8), and n-butane (n-C4H10) in firn air collected at 
Summit, Greenland (May-June 2006) and West Antarctic Ice Sheet Divide (WAIS-D) (Dec-Jan 2005-2006.)  
C2H6, C3H8, and n-C4H10 levels in Summit firn were in the 1.5-2.0 ppb, 400-600 ppt, and 150-250 ppt range, 
respectively.  These levels are within the range of modern mean annual levels in surface air.  C2H6, C3H8, and 
n-C4H10 mixing ratios measured in the WAIS-D firn were much lower than the Summit values, ranging from 
200-300 ppt, 20-40 ppt, and 10-20 ppt, respectively.  This is consistent with expectations from the 
interhemispheric differences in the distribution of sources for these short-lived gases.   
 

The reliability of firn air as an archive for tropospheric levels of light alkanes was assessed by comparison of 
firn air records to surface air flask measurements.  If the firn air alkane data are interpreted as atmospheric 
histories, the depth profiles suggest that there has been a decline on the order of 25-30% in annual mean 
levels over Greenland between 1970 and 1990.  WAIS-D data suggest steady C2H6 levels over the West 
Antarctic Ice Sheet in 1980s, followed by a 25-30% decline in the 1990’s.  Trends in C3H6 and n-C4H10 data 
from WAIS-D are harder to interpret due to higher noise in the measurements resulting from lower 
background levels. 
 

          Summit, Greenland 2006                    WAIS-D, Antarctica 2005-2006 
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Figure 1.  Depth profiles of ethane (red), propane (black), and n-butane (green) measured in firn air from Summit, 
Greenland (left) and West Antarctic Ice Sheet Divide, Antarctica (right).  Light alkanes display strong seasonality in 
polar latitudes because their primary sink is OH oxidation.  Modeling experiments suggest that the effects of this 
seasonality do not penetrate to depths deeper than 40m. 
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Identifying and Quantifying Sources of Halogenated Greenhouse Gases Using Lagrangian 
Dispersion Methods 
 
M. Maione1, J. Arduini1, F. Furlani2, L. Belfiore2, and U. Giostra2  
 
1University of Urbino, Inst. of Chemical Sciences, Piazza Rinascimento 6, 61029 Urbino, Italy; 

+390722303316, Fax: +390722303311, E-mail: michela.maione@uniurb.it 
2 University of Urbino, Inst. of Physics, Scientific Campus Sogesta, 61029 Urbino, Italy 
 
Halogenated greenhouse gases are continuously monitored at the atmospheric research station “O. 
Vittori” located on the top of Monte Cimone, Northern Apennines, Italy (44°11’ N, 10°42’ E) at the 
altitude of 2165 m a.s.l.,  in the frame of the European funded Project SOGE (System for Observation of 
halogenated Greenhouse gases in Europe, URL http://www.nilu.no/soge). SOGE is an integrated system 
based on a combination of observations and models. Such an integrated approach allows verifying 
emissions of halogenated greenhouse gases on a regional scale. Results obtained are useful to ascertain 
compliance with international protocols regulating production/emission of halogenated greenhouse gases.  
Beside Mt Cimone, the SOGE network includes the research stations Mace Head (IE), Ny-Ålesund 
(Spitsbergen, NO), Jungfraujoch (CH) and Monte Cimone (IT), two of which (Jungfraujoch and Monte 
Cimone) are mountain sites, whose location is crucial in assessing the role of specific potential source 
regions in Europe. 
 
In this study, in order to identify halocarbons source regions, the following models have been used i) 
MM5 to reproduce meteorological fields; and ii) FLEXPART to simulate tracers dispersion.  
The method here proposed implies initially that concentrations at the receptor site, produced by a 
homogeneous arbitrary emission field, are simulated. The choice of enhancing factors, converting 
simulated concentrations into observed ones, could be assimilated to a multiple linear regression 
problem. Here, for the determination of the best group of regression coefficients, a stepwise regression 
procedure is proposed. 
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Figure 1.  Left: Strength of sources used in the synthetic test field.  Right: Sources’ position and strength obtained 
by the model. Triangle represents the receptor’s position (Mt Cimone station). 
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In situ trace gas measurements located at the Mauna Loa, Hawaii NOAA baseline observatory (MLO) have 
detected periodic intrusions of stratospheric air.  The Chromatograph for Atmospheric Trace Species (CATS) 
was installed in 1998 and continues to make hourly air measurements of 14 non-CO2 greenhouse gases.   
Continuous surface ozone (O3) measurements have been made since 1973.  Many of the gases sampled, 
chlorofluorocarbons (CFCs), CCl4, SF6 and halon-1211, have little or no tropospheric loss and are only 
destroyed in the upper atmosphere.  Low concentrations of these gases measured at the MLO surface and 
high concentrations of ozone indicate potential stratospheric intrusions.  Comparisons and correlations with 
lower stratospheric aircraft measurements also indicate the stratospheric nature of these events.  
 
Further investigation using the National Centers for Environmental Prediction (NCEP) potential vorticity 
calculations also show the stratospheric nature of the air sampled at the surface.  Many of these deep 
stratospheric intrusions are caused by midlatitude cyclones that extend into the North Pacific subtropics; 
however, some appear to have different origins.  This presentation will explore the frequency and 
mechanisums of these events. 
 
 

 
 

Figure 1.  Two stratospheric intrusions measured in May 2006 at the surface of the Mauna Loa observatory.  Trace 
gases that have stratospheric sinks such as CFC-11 (blue), N2O (green) and halon-1211 (brown) show relatively low 
concentrations for this latitude.  Surface ozone measurements (red) also show high levels typical  of stratospheric air. 
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From 22 May, 2005 to 30 June, 2006, continuous measurements of O3, NOx (NO, NO2), CO2, and SO2, were 
conducted at the Xinglong station (150 km NE of Beijing) of the Chinese Academy of Sciences  atmospheric 
background observation network.  In general, O3 displayed higher concentration in June and September, and 
the lowest concentration in December. NOx concentrations were lowest in August slowly increased through 
to December. The ratio of NO to NOx was very low. SO2 showed the lowest concentrations in July, and then 
increased gradually. CO2 exhibited the lowest concentrations in August. During September 10 to November 
11 of 2005, solar spectral radiation was also measured at the Xinglong station. UV radiation, an energy 
source for ozone production and depletion, displayed obvious diurnal and daily variations. Though UV and 
O3 have some similar diurnal and daily variations, no good correlation can be found between them during the 
period of September to November, which shows their relationship is complicated. In more detail, daily 
maximum hourly averages of UV were generally earlier than those of O3, which indicates that UV energy is 
the triggering energy for O3 formation. In order to better understand O3 chemistry and photochemistry, solar 
radiation, O3 and its precursors of NOx, VOCs, and aerosols should be measured simultaneously.  
 
Based on present observations, better air quality occurs in July and August at the Xinglong station. Recent, 
rapid development of industry, agriculture, and traffic in Beijing City and its surroundings will bring changes 
in trace gas and aerosol concentrations in these areas. Xinglong station can be considered a good and unique 
atmospheric background station for the comprehensive study of solar radiation, atmospheric chemistry, and 
aerosols (especially secondary organic compounds), and how and to what extent human activities influence 
these parameters. Thus, it is important to carry out long-term monitoring and to study the basic physical, 
chemical and photochemical processes in the real atmosphere. Meanwhile, reliable and long-term integrated 
datasets are valuable for input to models and model validation. Collaboration, especially international 
collaboration, is a good way for us to focus additional resources towards understanding the physical, 
chemical and photochemical processes in the North China atmosphere, and elsewhere around the world. 
 
 

 
 
Figure 1.  Monthly average concentrations of trace gases at the Xinglong background station 150 km NE of 
Beijing, China.  
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Over the past years summer ozone levels in the Colorado Denver – Front Range Region have repeatedly 
exceeded the 80 ppbv threshold and in 2007 the region was declared in nonattainment with the 8-hour Na-
tional Ambient Air Quality Standard.  Boulder’s elevation of 1600 m above sea level, and its location at the 
bottom of the eastern edge of the Rocky Mountains and at the periphery of the Denver urban area make it 
susceptible to both downslope transport of air with elevated ozone originating at higher altitude above the 
Rocky Mountains, and to polluted air that has experienced anthropogenic ozone production during trans-
port from adjacent urban source regions.  During 2007 a number of new ozone surface sites were put on 
line to create a 12-station surface network in Boulder County.  This network is one of the (possibly the) 
most dense ozone networks.  It is also unique in that these stations are spaced at about 200-300 m intervals 
along a 2000 m elevation gradient.  This offers an opportunity to perform new interpretations of the weekly 
NOAA ESRL ozonesonde launches in South Boulder by comparing same altitude data from the freely ris-
ing ozonesondes with the concurrent measurements from surface sites.  These analyses have yielded new 
insights into ozone surface processes.  The combined surface and ozonesonde measurements, and the 20+ 
years record of historical ozonesonde data are furthermore utilized for studying ozone changes, chemistry, 
and transport in this plains-mountain transition zone.  
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Figures 1-4.  Map and elevation profile (left side, with the insert in the upper right depicting in red Boulder County 
within the State of Colorado) showing current surface ozone monitoring sites operated by CU-INSTAAR (orange), the 
State of Colorado (yellow), the National Park Service (red), NOAA (blue), and Boulder County Public Health/CU-
INSTAAR (dark green).  The example data graphs for September 2007 on the right show the increase in ozone with 
elevation that is generally seen both in measurements from the surface sites and in the ozonesonde data. 
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This work evaluates the quality of stratospheric and tropospheric ozone information derived from ground-
based Dobson and Brewer measurements. It assesses the capability and limitations of Umkehr data, use of 
Umkehr data for studies of tropospheric ozone variability, and natural and instrument variability in Umkehr 
data sets. The updated and homogenized SBUV (/2) V8 ozone profile time series is evaluated for internal 
consistency and potential drifts between different satellites. Long-term records from well-maintained Dobson 
Umkehr stations are used for assessment of the SBUV (/2) V8 time series collocated with several ground-
based stations. The Umkehr ozone data from well-established stations such as Boulder, USA; MLO, USA; 
OHP, France; Lauder, NZ; and Perth, Australia are selected as reference for the homogenized series of 
SBUV data for the period 1979-2005. The vertical profile of ozone trends over the northern and southern mid 
latitudes are estimated from the Umkehr and SBUV (/2) data. The trends are derived using regression to an 
Effective Equivalent Stratospheric Chlorine (EESC) curve and converted to %/decade using the variation of 
EESC with time in the 1980s. The long-term ozone trends derived from the two systems are found to be in 
agreement. A change in the seasonal cycle, ozone trends, and correlations are among several questions 
addressed in the Umkehr/SBUV data analysis. In addition, the short-term and long-term tropospheric ozone 
variability derived from two Umkehr data sets available from Boulder, CO, and Mauna Loa Observatory in 
Hawaii are validated against the reference dataset comprised of co-incident and co-located ozonesonde 
profiles. Results show that the Umkehr retrieved ozone profile time series are valuable assets in determining 
ozone inter-annual variability and trends in both stratosphere and troposphere. The Umkehr and SBUV (/2) 
V8 comparisons indicate drifts between the two systems at some stations (Australia, and possibly at Lauder, 
NZ). Quality assured Umkehr data show no significant differences in stratospheric ozone trends among 
stations in the northern mid latitudes. The trend derived from the Lauder Dobson Umkehr data (S.H.) differs 
from trends derived from the ground-based stations located in the N.H. However, this is most likely related 
to the difference in the start of the records in the two hemispheres with the Lauder record not beginning until 
the mid 1980s.  
 

 
 
Figure 1.  Ozone trends (% per decade) are shown as a function of Umkehr layers. The trends are derived from co-
incident, homogenized NOAA/2 SBUV satellite (pink) and Dobson Umkehr (blue) ozone profile measurements for 
(left) Boulder (1979-2006 time period) and (right) MLO (1982-2006 time period) station records. Dashed lines 
represent uncertainties of the Umkehr ozone trends regressed against the EESC, QBO and Solar cycle time-series. 
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