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Abstract. A new database of trace gases and aerosols withused in many earlier analyses. As opposed to that database
global coverage, derived from high vertical resolution profile which is generated from regression model fits, the BDBP
measurements, has been assembled as a collection of binamges the original (quality controlled) measurements with no
data files; hereafter referred to as the “Binary DataBase osmoothing applied in any way and as a result displays higher
Profiles” (BDBP). Version 1.0 of the BDBP, described here, natural variability.

includes measurements from different satellite- (HALOE,
POAM Il and lll, SAGE | and Il) and ground-based mea-
surement systems (ozonesondes). In addition to the primary
product of ozone, secondary measurements of other trac
gases, aerosol extinction, and temperature are included. A
data are subjected to very strict quality control and for every
measurement a percentage error on the measurement is i
cluded. To facilitate analyses, each measurement is added

Introduction

Qzone is a greenhouse gas and as such past and future
ﬁpanges in ozone drive changes in radiative forcing of the cli-

3 different instances (3 different grids) of the database wherdn@t€ system. To incorporate these changes in radiative forc-
measurements are indexed by: (1) geographic latitude, lonind PY 0Zone, global climate models require ozone boundary

gitude, altitude (in 1 km steps) and time, (2) geographic |at-conditions that span the atmosphere from the surface to_the
itude, longitude, pressure (at levels km apart) and time, OWer mesosphere (0-70km), from pole to pole, and at high

(3) equivalent latitude, potential temperature (8 levels fromVertical resolution e.g. to resolve changes in ozone close to
300K to 650 K) and time. the tropopause where the effect on radiative forcing is largest

In contrast to existing zonal mean databases, by includ-(':ors’ter and Shinel997. Furthermore, if zonal asymme-

ing a wider range of measurement sources (both satellite anfj'es In the ozone changes_ can be mclude_zd, th'.s r_esults ina
ozonesondes), the BDBP is sufficiently dense to permit cglMore accurate representation of changes in radiative forcing.
culation of changes in ozone by latitude, longitude and alti- A Vertically resolved ozone database with sufficient den-
tude. In addition, by including other trace gases such as watefity to detect changes in ozone as a function of latitude, lon-
vapour, this database can be used for comprehensive radigitude and altitude, is valuable for attributing past changes in
tive transfer calculations. By providing the original measure-0zone e.g. zonal asymmetry in ozone trends may be indica-
ments rather than derived monthly means, the BDBP is aptive of the influence of changes in dynamics. Such a database
plicable to a wider range of applications than databases con's also valuable for the evaluation of chemistry-climate mod-
taining only monthly mean data. Monthly mean zonal meane€ls and in particular for validating the ability of these mod-
o0zone concentrations calculated from the BDBP are com<£ls to reproduce the latitude-altitude structure in past ozone

pared with the database of Randel and Wu, which has beefihanges. The BDBP has the necessary structure, data cover-
age and data quality to be of use for the outlined applications.

That said, this version of the BDBP is unlikely to be suitable
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brief discussion of how future versions of the BDBP willre- 2 Database structure
solve this issue is presented in Sdkt.

There are two commonly used vertical ozone profile To facilitate analysis of the BDBP, three different instances
databases currently availabl€oftuin and Kelder 1998  of the database were assembled, each comprising a 3-
Randel and Wu2007). However, both report monthly mean dimensional data grid (Fid.).
zonal mean data only, with no longitudinal resolution. The In all cases one of the dimensions is time. The other two
BDBP is not a zonal mean database and individual measuredimensions are: in Grid |, geographical latitude and alti-
ment sets are archived. A measurement set is a group df/de, in Grid Il, geographical latitude and pressure, and in
measurements made at the same date, time, latitude, long®rid Ill, equivalent latitude and potential temperature. The
tude, altitude and from the same instrument. As a result, thélata are stored within the grids as “measurement sets”. A
BDBP can be used to extract ozone profiles for a specifiedneasurement setis a collection of measurements made at the
location. same date and time, latitude, longitude, and altitude, from the

In Randel and Wu(2007) no changes in tropospheric Same instrument, which are stored together with the source
ozone are reported and ozonesondes are used only fro®f the measurement set (e.g. “SAGE2 V6.2"). Each grid
Syowa and Resolute. These ozonesonde measurements a:,@ntains the same source data but gridded in three different
used to infer Changes in ozone p0|eward of Biitude. ways to provide different meridional slices of the database.
Because Syowa (6%) is close to the Antarctic vortex For example, in Grid lll, binning the data by equivalent lati-
edge, meridional movements of the vortex result in Syowatude and potential temperature preserves the steep meridional
ozonesondes sampling air from both inside and outside th@radients in any zonal means calculated from the database,

vortex and therefore decreases in ozone over the Antarcti€-g- close to the vortex edge. In the other two grids these
are likely underestimated. would be smeared out as a consequence of averaging data in-

Fortuin and Kelder(1999 built their database using Side and outside the vortex on lines of constant latitude. For

ozonesonde profiles from selected stations and ssuveach grid, the data are stored in 90 files, each of which span
SBUV/2 measurements from 1980 to 1991, mainly to pro-2° in geographic latitude or, for Grid Ill,°20f equivalent lat-
vide an ozone climatology for global climate model sim- itude, for convenience. Grid | has 70 altitude levels extend-
ulations. For the BDBP many more ozonesonde stationdnd from 1km to 70km in 1 km steps, and the measurements
were available providing a greater degree of coverage. Furhave been interpolated to these levels (as discussed further
thermore, longer periods of data were available for thebelow).
ozonesonde stations, and therefore a considerably longer The altitude grid is a geopotential height grid and when
time period for this database could be achieved. In addithe original data are provided in geometric altitude (SAGE I,
tion, the high vertical resolution of the BDBP allows more SAGE Il, POAM Il and POAM lI) the geometric altitudes
detailed analyses of vertical ozone structures compared to there converted to geopotential heights.
19 pressure levels in the Fortuin and Kelder database. Grid Il has 70 pressure levels spaced approximately 1 km
The BDBP has been implemented in a flexible and exten-2part given by:
sible data file format structured for rapid extraction of data.
Three different instances of the database have been creat
where measurements are indexed by: (1) geographic latiwherepp=1013.25 hPa.
tude, longitude, altitude (in 1 km steps) and time, (2) geo- The pressure levels are exactly 1 km apart when the scale
graphic latitude, longitude, pressure (at levetskm apart)  height (RT/g) is 7kmR=286.9Nmkg1K—1, ¢=9.8 ms1).
and time, (3) equivalent latitudeBtchart and Remsberg Grid Il has 8 potential temperature levels at 300, 315, 330,
1986, potential temperature (8 levels from 300K to 650K) 350, 400, 450, 550, and 650 K matching the standard output
and time (see Sec?). A detailed description of the differ- levels of the NCEP/NCAR potential temperature database
ent data sources from which measurements have been addéattp://dss.ucar.edu/datasets/ds090.0Mhe lowest levels of
to Version 1 of the BDBP is given in Se@. By includ- 270, 280, and 290K were excluded because these levels in-
ing data from as many sources as possible, dense coveragersect the Earth’s surface and confound the calculation of
of the globe, at high temporal resolution, is achieved. Theequivalent latitude. Meridional profiles of potential vorticity
spatial and temporal coverage of the database is quantified i(PV) by equivalent latitude (see Fig. 1 aésh et al.1996
Sect.4. Monthly mean 2 zonal mean ozone concentrations were calculated from NCEP/NCAR reanalyskss(ler et al,
were extracted from the BDBP and are compared with the2001) every 6 hours on the 8 isentropic levels listed above.
data set oRandel and W§2007 in Sect.5. Section6then  The equivalent latitude for a given measurement set on a
shows some examples from the BDBP qf, MO, and O given isentropic level is calculated by taking the PV at the
for one (or more) specified level(s) and a defined latitude re-measurement latitude and longitude, and, using the merid-
gion. Finally, in Sect6, the advantages of the BDBP over ional profile of PV vs. equivalent latitude at the nearest 6 h
other existing databases are highlighted and suggestions araark, the equivalent latitude is linearly interpolated using the
made for possible applications of the BDBP. PV value. Grid Il in version 1.0 of the BDBP has no data

o= poe ™" n=1.70 (1)
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Fig. 1. Schematic overview of the database structure. For all three database grids there are 90 latitude bins. The number of altitude levels
changes for the different database grids: Grid | and Il have 70 levels while Grid 1l has 8 levels.

before 1978 since equivalent latitudes before 1978 were nofrom the ozonesondes only. The low resolution ozone is de-
available. duced from the satellite based measurements and are derived
nf[rom the ozonesonde profiles after a 1500 m FWHM Gaus-

Each measurement comprises a value, an error in perce : . : : )
and a data descriptor (e gp “Ozone”). The length o? eachSian filter has been applied. The width of the Gaussian fil-

measurement set varies according to the number ofmeasurg?r was selected. based on comparisons betweep _smoothed
ments available. In this way, the grids are kept compact sinc zonesonde profiles and SAGE Il profiles. By providing both

no null values need to be stored. If the source data are icl,gmh er]ids ok:év tzgts\zl:u:r?gziznoeli:o?etz ;rr?élnsglgll?tzobnae:;;?r?esa
the form of vertical profiles, values are interpolated onto the P

: : : . . surements are facilitated.
pre-defined vertical levels with the result that the profile is ; . : )
no longer kept as a single entity within the grid. Each mea- Version 1 of the BDBP is made freely avallable htp:

surement set has its own unique time stamp and therefore tr,(éwww.nlwa.co.nz/rc/atmos/bdbp This webpage includes

measurement sets at a given altitude and latitude bin need n@dditional technical details, information how to download the
be equally spaced in time (see Fij atabase, and how to extract data from the files. All three

_ . _ ' grids of the database comprise8 Gb. The database files
The primary target variable for this version of the BDBP have been designed to be platform independent and reading

is ozone and the data sources used have been selected to @putines in a number of programming languages are provided
timise the spatial and temporal coverage for this variable.on the webpage.

Where other coincident measurements (e.g.. N® H,O0)

are available from the data sources, these have been added
to the grids. The variables included in the BDBP, together
with their data sources, are listed in Tallle Two different
types of ozone are provided, namely high resolution ozone
and low resolution ozone. The high resolution ozone comes

www.atmos-chem-phys.net/8/5403/2008/ Atmos. Chem. Phys., 8, 54032008
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Table 1. Variables stored in version 1.0 of the BDBP, together with their units and data source(s).

Unit Data sources

O3 number density (highres.)  i®molecules/m
O3 number density (lowres.) 18 molecules/m
Temperaturg K

NO, number density 1% molecules/m
H,0 mixing ratio 10-%moles/mole

Species

ozonesondes
SAGE I+, POAM II+11l, HALOE, ozonesondes
SAGE I+Il, POAM II+lll, HALOE, ozonesondes
SAGE I+, POAM lI+1lI, HALOE
SAGE Il, POAM lI+lIl, HALOE

NO mixing ratio 10 9moles/mole HALOE
CH4 mixing ratio 10 -%moles/mole HALOE
HCI mixing ratio 10-9moles/mole HALOE
HF mixing ratio 10 9moles/mole HALOE
Relative humidity % ozonesondes
Aerosol extinction at 352.3 nm 1/km POAM Il
Aerosol extinction at 353.4 nm 1/km POAM Il
Aerosol extinction at 385 nm 1/km SAGE Il
Aerosol extinction at 441.6 nm 1/km POAM Il
Aerosol extinction at 442.3nm 1/km POAM Il
Aerosol extinction at 450 nm 1/km SAGE |
Aerosol extinction at 453 nm 1/km SAGE Il
Aerosol extinction at 525 nm 1/km SAGE Il
Aerosol extinction at 601.4 nm 1/km POAM I
Aerosol extinction at 603.4 nm 1/km POAM Il
Aerosol extinction at 779.4 nm 1/km POAM Il
Aerosol extinction at 781 nm 1/km POAM I
Aerosol extinction at 921 nm 1/km POAM II
Aerosol extinction at 922.4 nm 1/km POAM Il
Aerosol extinction at 1000 nm 1/km SAGE |
Aerosol extinction at 1018 nm 1/km POAM Il
Aerosol extinction at 1020 nm 1/km SAGE Il
Aerosol extinction at 1060 nm 1/km POAM I
Aerosol surface area density umé/em’ SAGE I
Aerosol effective radius um SAGE Il

@ only measured for ozonesondes; for other sources it is extracted from reanalyses

3 Data sources

2. All measurements must include an indication of mea-

Criteria for the selection of source data for this version of the

surement precision and the measurement errors should
preferably be small.

BDBP were:

1. Only profile data are considered and only profiles with

Atmos. Chem. Phys., 8, 5403421, 2008

3. Source data spanning longer periods were given higher
priority.

high vertical resolution (i.e. better thanl.5km). Two

data sources fulfilling these criteria are solar occultation 4. Measurements covering a data sparse region of the

satellite-based instruments and ozonesondes. Lidar and  globe were given high priority.

aircraft profile measurements would also have been suit- oo
able but were not included in this version of the BDBP These criteria led to the use of HALOE, SAGE I, SAGE I,

X . o POAM II, POAM Il and ozonesondes as data sources for
since we required coincident temperature and/or PT€Sthis version of the BDBP. The specifics concerning the addi-
sure data to permit the data to be included in Grids I : P 9

and Il and these were not always available. Further-tlon of each of these data sources are given in S8ctdo

more, these data sources would not have added signifi-" ~
cant quantities of data to the BDBP.

www.atmos-chem-phys.net/8/5403/2008/
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3.1 SAGEIlandll low 15 km, measurements oz@nd NQ can be affected by
aerosols. Therefore, measurements gfa@d NG were re-
moved if the aerosol extinction at 1000 nm was higher than

i i . 0.001/km (L. W. Thomason, NASA, personal communica-
Both Stratospheric Aerosol and Gas Experiment (SAGE) injon 2007). Nevertheless, the utility of the SAGE | data be-

3.1.1 SAGE | and Il instrument and data information

struments were built and launched by NASA (see for exam-q,;, 15km s limited to qualitative rather than quantitative

ple McCormick et al, 1989 Cunnold et al. 1989 Nazaryan
and McCormick2005 Liu et al,, 2006. Version 6.1 SAGE |

analyses (e.g. looking for geographical regions of enhanced
upper tropospheric ozone). These data are retained in the

data were provided by L. W. Thomason (NASA; personal ggp ith their high error values to allow later screening.

communication, 2007). The SAGE | measurements start in
February 1979 and stop in November 1981 spanniig19
79 N.

Version 6.2 SAGE Il data were usedVang et al.
20086 http://eosweb.larc.nasa.gov/project/sage2/tabige?2.

3.1.4 Screening of SAGE Il data

Rind et al. (2009 showed that @ NO, and HO mea-
surements from SAGE Il are affected by interference from

html") which started in October 1984 and ended in Augustaerosols and clouds. Since the original SAGE |l data are only

2005. The spatial coverage spans80o 80 N (see Ta-

available in an unscreened version (although they are pro-

ble 2), although coverage can be sparse at higher latitudesided with quality flags for unreliable data) additional treat-

in winter (Wang et al.2002.

ment of the data was necessary to ensure the highest possible

Measurement errors for SAGE | and SAGE I, included in quality. The screening was performed following the sugges-
the BDBP, are given in the source data files and are calcutions ofWang et al(1996 andRind et al.(2005. Data points
lated by accounting for all known sources of uncertainty in or whole profiles were removed if the following checks were
the measurement. For both SAGE | and Il the temperaturdrue:

and pressure values included in the data files were not re-
trieved parameters, but were provided by the National Mete-
orological Center (NMC). Nevertheless they were used to de-
termine the levels at which the data were inserted into Grid Il
and Grid Ill, and were also included as measurements within
each measurement set.

Since both SAGE | and SAGE Il measure trace gas pro-
files with the solar occultation method, an additional identi-
fier specifying whether the measurement was made at sunrise
or sunset was included in each SAGE measurement set.

3.1.2 Altitude correction for SAGE | data

There is a known altitude error in SAGE | observations
(Veiga et al, 1995. Wang et al.(1996 discuss and anal-
yse this error in detail. To correct for this error in the SAGE |
data, an altitude correction based on Fig. 3\dng et al.
(1996 was performed. Altitudes for every profile measured
between 60N and 60 S were shifted upwards by an off-
set dependent on latitude but independent on altitude i.e. the
measured profiles are shifted rigidly upwards. Although
Wang et al.(1996 only discuss the altitude error for ozone
profiles, the correction was applied to all measurements.

For O3 specifically:

— From the time when the beta angle of the spacecraft (the
angle between the satellite orbit plane and the Earth to
Sun vector) exceeds 6@intil it returns to less than 40
all profiles are excluded.

— Allmeasurements below 23 km from July 1991 to Octo-
ber 1993 are excluded to avoid the confounding effects
of the Mt. Pinatubo eruption.

Measurements between 23 June 1993 and 11 April
1994, between 30 km and 50 km are excluded whenever
the quoted measurement error exceeds 10%.

Measurements between 10.5km and 24.5km are ex-
cluded if the ozone mixing ratio exceeds 10 ppm.

Measurements above 25 km are excluded if values are
>100 ppm.

— Measurements at altitudes above 3 hPa are excluded if
values are-50 ppm.

Measurements in the mid- to upper troposphere are ex-

Pressure and temperature values were assumed to be correct cluded when clouds are present as denoted by the cloud

since they were provided from NMC directiyVang et al.
1996 and therefore the pressure profiles were not shifted.

3.1.3 Screening of SAGE | data

There are few publications, if any, that describe how best to
screen SAGE | data to remove outliers. Therefore, in this
analysis, data quality controls, similar to those performed
for the SAGE Il data (described below), were applied to re-
move outliers from the @and NQ data. Particularly be-

www.atmos-chem-phys.net/8/5403/2008/

quality flags in the data files.
For NG, specifically:

— If the 1020nm aerosol absorption is greater than
7x10-*km~1 the measurement is excluded.

Atmos. Chem. Phys., 8, 54232008
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Table 2. Coverage, vertical resolution, period spanned and source of the data for the satellite-based measurements included in version 1.0 o
the BDBP.

Instrument Latitudinal coverage Vertical resolution Period spanned Data Source
HALOE 80° S-8C N ~1.6 km 10/1991-11/2005 NASA
POAM II 88°S-63 S, 55 N-71°N ~1km 10/1993-11/1996 NRL
POAMIII  88°S—62S,5# N-71°N ~1km 04/1998-11/2005 NRL
SAGE | 79 S-79 N ~1km 02/1979-11/1981 NASA

(L. W. Thomason,
personal communication, 2007)
SAGE I 80° S-80'N ~1km 10/1984-08/2005 NASA

For HyO specifically: The climatology and statistics needed to perform the last test
were calculated separately for each of the 3 species as area

— If the relative humidity exceeds 100% or is less than 0% "~
relative humicity ex S o orisiessthan 0welghted means from the unscreened SAGE Il data.

the measurement is excluded.

— If clouds are present anywhere between 6 and 25.5kn8.2 HALOE
(as denoted by the cloud identifier flags) the water

vapour measurement at the altitude of the flagged cloudghe Halogen Occultation Experiment (HALOE) was
is omitted. launched in September 1991 as a NASA project. Mea-

) _ surements are available from October 1991 until Novem-
— Above the tropopause, if the aerosol absorption atper 2005 in the latest Version 19. HALOE uses solar oc-
1020nm e-xceeds>410—4 km™ the water vapour mea-  cjtation to simultaneously measure, amongst others, verti-
surement is excluded. cal profiles of Q, HCI, HF, CH;, H>0, NO and NQ which
— If the optical depth at 1020 nm is large (as denoted byare added to the BD_BP. Temperature and pressure profiles
the quality flags) the measurement is excluded. above 35km are rgtrleved from measurements whereas be-
low 35km NCEP fields are use®PARG 1998. Never-
— If the H20 slow convergence flag is set, the measure-theless, pressure as well as temperature were used to deter-
ment is excluded. mine the levels at which the data were inserted into Grid II
and Grid I, and were also included as measurements within
each measurement set. The altitude range of the measure-
— If the “T-C .invgrsion r.outine_ failure for the screened. ments extends from-15km to 60-130km, depending on
aerosol extinction retrieval” is set, the measurement isye species (see TaB). Although the vertical resolution of
excluded. the profiles is~1.6 km, the data were included in the BDBP
— If the “cloud test not successful” flag is set, the mea- Since these measurements provide good global coverage and
have been used in numerous previous studiéskenna et
al.,, 2002 Steil et al, 2003 Remsberg and Deave2005.
Furthermore: For every measurement a measurement error is also provided
— For NO, and HO, all measurements between in the source data files and these are added to the BDBP.
23 June 1993 and 10 April 1994, at altitudes aboveA sunrise/sunset identifier is also included in each measure-
30 hPa are excluded. ment set. HALOE data are already screened for cirrus cloud
] contamination, described kervig and McHugh1999, and
— For NG, and HO, all measurements in Novem- herefore no additional screening of the data was done. A de-
ber 1991, September 1992 and October 1992 at altitudgyjled analysis of the HALOE ozone data quality (Version
below 150 hPa are excluded. 18) is presented iBhatt et al.(1999. For a more detailed

— For O3 and H0, all measurements in the first 6km HALOE data description seRussell et al(1993.
are removed when there is large absorption (integrated
value above that level bigger than about 5%) in the -3 POAMIland il

1020nm channeRind et al, 2009. The Polar Ozone and Aerosol Measurement 1l (POAM 1)
— For O3, NO2 and RO, if the measurement is more than instrument was developed by the Naval Research Laboratory
100 away from the monthly mean value for that lati- (NRL) to measure the vertical distribution of atmospheric
tude (15 zones), longitude (90quadrants) and altitude Os, H,O, NO,, aerosol extinction, and temperature. It covers
(0.5km grid), the measurement is excluded. a spectral range from approximately 350 to 1060 nm in nine

For all aerosol extinction measurements:

surement is excluded.

Atmos. Chem. Phys., 8, 5403421, 2008 www.atmos-chem-phys.net/8/5403/2008/
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Table 3. Altitude range of the satellite-based measurements incorporated in version 1.0 of the BDBP.

Variable HALOE POAMII  POAMIII SAGE | SAGE I

O3 10-90km  15-50km  5-60km 10-70km 5-60 km
NO> 15-55km  20-40km  20-40km 10-70km 15-60km
H,O 10-80 km - 5-45km - 10-40km
Aerosols 15-50km  10-30km 5-25km 10-40.5km 1-45km
HCI 15-60km - - - -
HF 15-60 km - - - -
CHgy 15-80km - - - -
NO 10-130km - - -

Temperaturé  15-80km  0-60km  0-60km 1-70km 1-60 km

@ only measured for ozonesondes; for other sources it is extracted from reanalyses.

channels. The latest available version is Version 6 which3.4 Ozonesonde data

covers the period October 1993 to November 1996. Mea-

surements were made betweer? Bid 72 N and between 3.4.1 Ozonesonde data selection
63° and 88 S with a vertical resolution of1 km. The pro-

files of the different measured species cover an altitude rang@zonesondes are balloon-borne instruments that measure
from 10km to 50 km (see Tabl). For a more detailed de- in situ ozone with a wet-chemical method: ambient air is
scription of the POAM Il instrument and the retrievals see pumped through an electrolytic cell containing a buffered
Glaccum et al(1996 andLumpe et al(1997), respectively.  potassium iodide solution where ozone oxidises the iodide
POAM Il was launched after the satellite on which into iodine. The resultant current within the cell is directly
POAM Il was located failed. It started measurements in April proportional to the ozone concentration in the cell. There
1998 and ended in November 2005. Version 4 is the lateshre several different ozonesonde types in use globally, with
available dataset for POAM lIl. In this version, quality flags the most common being the electrochemical concentration
for the profiles of @, H>O and NQ were included to al-  cell (ECC) Komhyr, 1969, the Brewer-Mast (BM) bubbler
low screening of lower quality measurements resulting from(Brewer and Milford 1960 and the carbon-iodine (CI) sonde
sunspot activity and aerosol artifactsufnpe et al. 2006.  (Komhyr, 1965. All ozonesondes are flown together with a
Beside these additions, POAM Il data sets contain the samgadiosonde to measure pressure, temperature and relative hu-
species as POAM I, with the measuring channels for themidity.
aeroso_l ex'Finctions slightly shifted (see Tahje The vertical Many studies analysing the suitability of ozonesonde mea-
resolution is alse~1km (Randall et al.2003, and the mea-  gyrements for long-term ozone trend detection have been
surements were made in almost identical latitude bands (fronﬂ)ublished Tiao et al, 1986 Bodeker et al.1998 Logan et
S#-71T N and 62-88 S). The altitude range is slightly big- 31 1999. Although the quality of the ozonesonde data de-
ger for POAM 1l than for POAM Il (see Tabl&). For a pends on the sonde preparati@niit et al, 2007, the ex-
more detailed description of the POAM IIl instrument and perience of the measuring team and some sources of error
its retrieval algorithms seleucke et al (1999 andLumpe et particular to each instrument, the measurement uncertainties
al. (2002, respectively. _ are generally small and can be quantified. The ozonesonde
Since temperature and pressure are not directly measurggleasurements are also the only data included in this version
with the POAM instruments, both variables are taken from ¢ the BDBP that provide coverage in the troposphere. The

reanalyses either from the UK Met Office (UKMO) or the ,z0nesonde data were subjected to thorough quality checks
National Centers for Environmental Prediction (NCEP) a”d(described below) before being added to the BDBP.

are mcluded in the (:{atabase. For sortmg. POAM I.I and Seven different sources for ozonesonde data were used for
POAM Il in Grid Il (latitude/pressure) and Grid Il (equiva- the database:
lent latitude/potential temperature), the pressure and temper-
ature values from NCEP were used. A sunrise/sunset iden-
tifier is also included in each measurement set. Error values 1- WOUDC Data DVD “Ozone Data for the world, ODW
are available for both POAM Il and POAM il from the orig- DVD#1, 1926-2005",
inal data files and could therefore be added to the database.
2. WOUDC database webpage for the most recent data not
provided on the DVD lfttp://www.woudc.org/date.
html),
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3. NOAA webpage, mainly for data from US statioritp( both NFs are available, the original NF must be between 0.9
[fftp.cmdl.noaa.gov/ozwv/ozone/ and 1.1 and the new NF must be between 0.8 and 1.2. If only
one NF is available then only the check appropriate for that
4. NDACC webpage, for stations that submit data only to NF js performed. If neither NF is available the profile is not
the NDACC or for stations that submit data to both but 5qged to the BDBP.
in @ more timely fashion to the NDACCh{tp://www. Each ozonesonde measurement set includes the original
ndsc.ncep.noaa.gov/dgta/ NF, or the new NF if the original is not available, so that users
of the ozonesonde data in the BDBP can choose whether
or not to apply the NF to the ozone measurements. While
the NF is stored in the BDBP it was not applied to the
ozonesonde data. If NF were applied to the ozone sound-

6. Directly from the Lauder archive of ozonesonde flights, Ings in the original data files they were de-applied before the

ozone measurements were added to the BDBP.

7. Private communications with H. Claude from Hohen-  Since the measurements in the BDBP are stored at spe-
peissenberg and R. Kivi from Sodankyla to get sourcecific altitude/pressure/theta levels, the values for those lev-
profiles from those stations. els extracted from the ozonesonde profiles must be interpo-

lated. For an interpolated value to be added to the database at
In total, profiles from 136 stations were added to the BDBP|east one measurement must be within 200 m of the respec-
spanning 82N to 9C° S (see Appendix-Table Al). Aslong tive level.
as the sonde type was detailed in the original data file, that The period for which data are available differs from sta-
sounding was rated as a potential candidate to be added #gon to station. Flights started in the early 1960s at a few
the database after passing several quality checks which argations distributed globally. At many stations flights were
described below. Soundings from the following sonde typesdone just for a few years, while other stations have measure-
were accepted: Brewer-Mast, Brewer-GORbainebeck and  ments only during some months or during campaigns, and
Sonntag 1976, ECC, Carbon-lodine, IndiarShreedharan  some stations have a continuous time series of ozone pro-
1968 and Regener. Where the altitude and/or time afterfiles up until the present. In the late 1990s, new ozonesonde
launch was not available in the original data file, or when stations were chosen to cover regions poorly represented at
the values were unrealistic (eg atime after launch of 3 h forthat time' Specifica”y over the equator and southern hemi-
the first data level), these were (re)calculated from the pressphere Thompson et al2003. Combining all 7 mentioned
sure and temperature measurements assuming a mean ascgpénesonde data sources, flights from the early 1960s to

rate of 6 m/s. 2006 were added to the BDBP as long as profiles were avail-
Normalization factors (NFs) are calculated by dividing a able and of suitable quality.

total column ozone value derived from the ozonesonde ozone

profile by an independent total column ozone measuremeng.4.2 Ozonesonde data errors

available either from a coincident ground-based (Dobson or

Brewer spectrophotometer) or satellite-based column ozon&he ozonesonde data files obtained through the sources de-
measurement. For the ozonesonde flights added to the BDBRailed above for the most part do not include the measure-
new NFs were calculated as follow. First the ozone col-ment errors associated with each measurement, neither for
umn from the surface to the top of the ozonesonde flight waszone, temperature, relative humidity nor pressure. To esti-
calculated using trapezoidal integration. Then the missingmate the error on the 0zone measurement, information about
ozone between the top of the flight and the top of the atmo-sonde type quality and measurement errors were obtained
sphere was added using the climatologyMiPeters et al.  from Smit and Kley(1996 unless otherwise specified (see
(2007. Added together these provide the total column ozonebelow). According to their suggested classification of sonde
estimate from the ozonesonde flight. The independent totalype and altitude range different ozone error values were ap-
column ozone value was extracted from the NIWA combinedplied (see Fig2). In addition:

total column ozone databaddfller et al, 2008 according

to the date, time and location of the ozonesonde flight. Be- — ECC ozonesondes: error values were taken from
cause this combined total column ozone database is available  Komhyr et al.(1985. For Lauder the error profiles for
only from November 1978 onwards, new NFs could not be ECC ozonesondes of the 4A and 5A series described by

5. SHADOZ webpage, for equatorial stations not submit-
ting their data to the WOUDCHh¢tp://croc.gsfc.nasa.
gov/shado3/

calculated for flights prior to that date. For flights not reach- Bodeker et al(1998 were applied.

ing 30 hPa the uncertainty on the partial column above the

top of the flight is large and a reliable new NF could not be — Regener ozonesondes: those sondes were not tested in
calculated. Therefore flights not reaching 30 hPa were re-  the analysis oSmit and Kley(1996, but it is known
jected. Both the original NFs listed in the data files (if avail- that the errors of those sondes tend to be quite high

able), and the new NFs, are considered for quality checks. If  (WMO, 1989, so relatively high error values, commen-
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surate with other ozonesonde types with high errors,
were assumed.

Error values for temperature, pressure and relative humid-
ity for the soundings were set as follows:

— Temperature: error values for the sonde tempera-
ture measurements are set according@taleker et al.
(1998. Different error values for unshaded and shaded
temperature sensors are prescribed. For most soundings
information about the shading of the temperature senso@
is not available (the exception being Lauder) so errorz
values for unshaded sensors are used.

Pressure: depending on the station, different pressure
error values are assumed. Since more detailed infor-
mation about the soundings at Lauder are available,
the pressure error value for that station was calculated
from a large data set of calibrated pressure sensors
and found to be 0.258 hPa. For all other stations er-
ror values were assumed to bel hPa up to a height

of 100 hPa, and-0.5hPa from a measurement height
higher than 100 hPa, according to personal communica-
tion with Vaisala about pressure errors for radiosonde
measurements. Uncertainties in temperature and pres-.
sure will be translated into errors in geopotential height
and therefore add to the ozone uncertainty. This addi
tional source of uncertainty in ozone has not been in-
cluded. The same is true for all other data sources.

Relative humidity: for all stations and all altitudes an
error value of 3% for the relative humidity measure-
ment was assumed, according to personal communica-
tion with Vaisala about humidity errors for radiosonde
measurements.

It is not always Vaisala radiosondes that are flown with each
ozonesonde at every station. AccordingSBARC (1998
before the early 1990s the most commonly used radiosonde
in Europe and North America was the VIZ radiosonde. The
accuracy of this radiosonde depends strongly on emissions in
the IR (F. J. Schmidlin, personal communication, 2008) and
lays withing the range errors for unshaded temperature sen-
sors given byBodeker et al(1998. However, since Vaisala
radiosondes are the most commonly used sondes and since
the type of radiosonde used is seldom logged in the original
ozonesonde data files, for all sonde data added to the BDBP
the error values for pressure and relative humidity are set to
the Vaisala radiosonde errors.

3.4.3 Quality check
In addition to the error checks described above, several fur-

ther checks were made to screen and remove poor quality
data from the ozonesonde data files, viz.:

www.atmos-chem-phys.net/8/5403/2008/
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Fig. 2. Ozone errors [%)] for 6 different ozonesonde types and
different altitude/pressure regions as included in the BDBP. Values
are obtained fronsmit and Kley(1996, or Komhyr et al.(1985.

— Individual ozone records are rejected when negative
ozone partial pressures, 0.0 mPa ozone partial pressures
within 60° of the equator, or ozone partial pressure
>25 mPa at altitudes above 30 hPa are measured.

Entire ozone profiles are rejected when unrealistically
low ozone values over the whole profile (profile mean
<2mPa and profile maximure4 mPa) are found or
when more than 33% of all ozone values in the profile
are 0.0 mPa.

Individual temperature records are rejected when val-
ues in the troposphere60°C or in the case of ex-
treme spikes in stratospheric temperature (for one or
two consecutive values). The spikes were defined in
two different ways according to the resolution of the
checked profile. Profiles with more than 10 values per
kilometre were categorised as “high-resolution” pro-
files. For those the mean temperature and standard
deviation for every km-layer was calculated and data
values were rejected if they exceeded the range of
mean temperatufie30 standard deviations. Tempera-
ture spikes for “low-resolution” profiles were defined
by exceeding a maximum lapse rate. In the troposphere
data values were rejected if the lapse rate was higher
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than 0.06 K/m, for the stratosphere the maximum lapse % —
rate was lowered slightly to 0.04 K/m.

— When two identical records at the same pres- 4, ]
sure/altitude level (not defined as ascending and de- .
scending values) are found, one is rejected. 20

No relative humidity values above the tropopause (as as- '° 7
sumed for the application of the error values — see above) j
were added to the database since errors in humidity mea- ° 2‘0 " ‘4‘0‘ " ‘6‘0‘ " ‘8‘0‘ " 100 " ‘2‘0‘ " ‘4‘0‘ " ‘6‘0‘ " ‘8‘0‘ " ‘100
surements from radiosondes are known to increase with de- B-factor
creasing water vapour content, temperature and presshire (
liott and Gaffen1997). Stratospheric humidity data from ra-
diosondes are therefore thought to be of no big GRARC Fig. 4. B-factors for @, NO, and HO as a function of changing
2000. AlthoughMiloshevich et al(2001) worked out a cor-  time period (panels a, ¢ and d respectively) and fge®a function
rection for relative humidity measurements for Vaisala RS80-0f accumulated data sources (panel b). The 80% level in all panels
A radiosondes, no further quality improvements were per-iS shown for reference.
formed to the sonde humidity data in the database since in
most cases the radiosonde type was not known.

o

level, a spatial grid is selected (e.g. [2titude by 5 longi-
tude) and monthly means within each grid cell are calculated
4 Database temporal, latitudinal and longitudinal cov-  (described further in Sec) over some selected time period.
erage For the monthly mean to be valid at least 6 data points in
each grid cell were required. A B-factor of N% means that

By combining measurements from several satellite-based inat least N% of the grid cells have a monthly mean for at least
struments and from ozonesondes it is possible to achieve hight% of the months in the selected time period. The B-Factor
tempora| and Spatia| coverage in the BDBP. Tablsum- does not indicate which part of the globe is not sampled nor
marises the temporal coverage of the satellites and these, tithich periods within the total period are not covered. Fig-
gether with the ozonesondes, are shown graphica"y |rﬂ:|g ure4 shows B-factors for a resolution of iatitude by 5 lon-
Note that although the ozonesonde data cover a long time pegitude for G as a function of changing time period (panel a)
riod, the spatial coverage can be poor due to the number an@nd changing data source (panel b) as well as i@ HO
location of the ozonesonde stations. In this version of thefor changing time period (panels ¢ and d respectively).
BDBP, for 2006, only ozonesonde data are available, and so As mentioned earlier, one selection criteria for the BDBP
the spatial coverage for 2006 is poorer than for the precedinglata sources was the goal of high temporal and spatial cover-
years. age for ozone. It can be seen in Fghat ozone has the high-

To quantify the spatial and temporal coverage of the BDBPest B-factors for all three shown species, exceeding 80% be-
for a given altitude-/pressure-/isentropic level, we have detween~10km and~30km even at a high resolution of By
fined factors (hereafter referred to as B-factors) that combiné&°® . For O, the periods with a late start year have higher B-
the temporal and spatial coverage into one value. For a giveffiactors as a result of sparser coverage early in the period (see
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Fig. 3). B-factors for temperature are even slightly higher
than those for @but are not shown here. Above 60 km cov-
erage of ozone decreases rapidly.

In panel (b) of Fig4 the effects of the cumulative addition
of different data sources on the temporal and spatial coverage
of the BDBP are shown. First the effects of adding SAGE | % &¢ ™% IR I T 0% ¢ ¢
gaotil\jrlel |ST‘|O/XVLn6 fEO !_?]vgj/i:jr]’a{;’l]yo(lj’gg:]’et;% nSCfé(g E él\,/el::]()tﬁgllulglli] 1 : 1;80 ‘ 1;82 ‘ 184‘ 19186‘ 19188‘ 15;90 ‘ 19%2 ‘ 1994‘ 19;6 ‘ 1!;98 ‘ 2(;00 ‘ 2(;02 ‘ 20;4 ‘ 20;6

l . ear

the addition of POAM lll data extends the temporal coverage
of the BDBP, the B-factors do not change with the addition
of the POAM Il data because it does not extend the spatial
coverage. Clearly, at a resolution ¢f By 5° , the inclusion %
of the ozonesondes is vital to achieve B-factors above 80% 02
in the stratosphere and any coverage at all in the lower tropo-
sphere.

NO coverage does not reach the 80% mark although it
is close in the altitude rangel5km to~45km (see Fig4
panel c). Only very sparse data are available at altitude levels
above~45 km and below~15 km.

Of the 3 species shown, 8 is the only one with almost
constant B-factors throughout the stratosphere and lower
mesosphere (Figd panel d), from~15km up to 70 km.
While relative humidity from the ozonesonde flights is added

DU/km

g
=
=)
[a]

= IS U S U N NN I NV NNV AN AN SN U NU B

. -4
to the BDBP in the troposphere, these measurements are ex- 1980 1982 1984 1986 1988 1990 1092 1994 1996 1998 2000 2002 2004 2006

cluded from panel (d) of Figt since only water vapour mea- Year

surements are considered. However, B-factors are signifi-
cantly lower (maximum at around 40%) than for the other Fig. 5. (a)Monthly mean ozone number density (in DU/km) at

species caused by the low number of satellite instrumentg,e equator and 25 km from the BDBP (red crosses with lines join-
that were added to the BDBP providing@ data (see Ta-  ing adjacent values) and from R&W (black open circles with lines
ble 3). joining adjacent values). To investigate the effects of adding data to
the BDBP in addition to SAGE | and SAGE Il, monthly means cal-
culated from SAGE | and SAGE Il only are also shown (blue dots
5 Comparison with Randel and Wu database with lines joining adjacent valuesjb) A comparison of the mean
annual cycles calculated from the monthly means plotted in panel
An often used and well established database for ozone tren®) where R&W values were excluded when BDBP values were
analyses and calculations of changes in radiative forcing byrot available to avoid any temporal biasir{g) The monthly mean
ozone is that fronRandel and W2007), hereafter referred ozone anomaly tim_es series calculated py subtr_acting the mean an-
to as R&W. In this section, monthly means of ozone at se_nual cycles plotted in panel (b) from the time series plotted in panel
lected altitudes and latitudes calculated from the BDBP are ™"
compared with R&W. As mentioned in Sed. R&W con-
sists of monthly mean zonal mean ozone and is based mainly
on SAGE | and SAGE Il data, with ozonesonde profiles from 0ds are in development for a 3-D (latitude, altitude, time)
Syowa and Resolute providing high latitude coverage. monthly mean ozone database that will be created from the
Figure 5 compares monthly mean times series from the BDBP.
BDBP and R&W at the equator and 25km altitude. The Even though R&W are based on SAGE | and SAGE Il
monthly means for the BDBP and for SAGE I+SAGE Il only in this part of the atmosphere, there are no missing
were calculated over the same°l@titude band and 1km values since the values provided by R&W are not the raw
layer as in R&W, but with the requirement that there had tomonthly means, but the values from a regression model fit
be at least 6 values available at the given latitude and altito the raw monthly means (W. Randel, personal communica-
tude for the monthly mean to be valid. For both the BDBP tion, 2007). Also apparent in panel (a) of Flgis an offset
and SAGE I+SAGE I, of the individual values available for between BDBP and R&W with BDBP monthly means be-
the calculation of the monthly means, the highest and low-ing higher. The source of this offset is highlighted in panel
est 25% were discarded to ensure that extreme values wei@®); R&W add monthly mean anomalies to the climatology
not included. This rather simple method of rejecting extremeof Fortuin and Keldef1998 whereas the BDBP simply pro-
values is sufficient for this exercise; more sophisticated methvides the original means of the raw data. If the anomaly time
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Fig. 6. (a)Ozone anomalies (left) and mean annual cycle (right) for data extracted from the BDBP, for altitudes between 1 km and 70 km and
for the latitude zone from 40N to 5C° N. (b) same as (a), for data extracted from R&W. White areas indicate where no values are available.

series alone are compared (panel ¢ of Bigit is clear that cause R&W is based on regression model output and regres-
the agreement between the BDBP and R&W is excellent. Itsion models cannot capture all of the variability. Because
is also clear that R&W does not capture some of the outlierghe regression model used by R&W does not include a ba-
in the BDBP (e.g. November 1984) because R&W is the re-sis function to describe the effects of volcanic eruptions on
gression model fit and not the raw monthly mean data. ozone, negative ozone anomalies in the lower stratosphere
related to the Pinatubo eruption in the early 1990s are sig-

Figure 6 shows another comparison between the BDBI:’nlflcantly more apparent in the BDBP than in R&W. There

and R&W where ozone anomalies were calculated by su bIS a discontinuity in the BDBP anomaliesab km altitude.
tracting the mean annual cycle from monthly mean time se-

ries, for altitudes between 1 km and 70 km and for the latitude This is an artifact of the monthly mean calculations using the
BDBP where satellite data are not available for the monthly
zone from 40N to 50° N.

means at one altitude but are at the next higher altitude. Data
The mean annual cycles (right hand panels in Bjgom-  from all of the added satellite instruments (see S&chave

pare well. The BDBP covers a greater altitude range thariarge error values in the troposphere for all measured species
R&W providing data between 50 and 70 km and, more im- due to the tropospheric aerosol loading. It is suggested in
portantly, good coverage in the troposphere. With a latitudevarious studies not to use these data for quantitative analy-
band of 10 the number of missing monthly means calcu- ses (see for exampl€ar et al, 2002. For the purposes of
lated using the BDBP is small; the gap in the earlier 1980sthis preliminary comparison with R&W, the approach used
above~33km is between SAGE | and SAGE Il (ozoneson- to calculate the monthly means is adequate. However, for
des provide data at lower altitudes). Anomalies (left handa more accurate monthly mean database, weighting of the
panels in Fig6) of the same sign are found during similar measurements used in each mean with their errors should be
periods and at similar altitudes. However, the BDBP anoma-incorporated.
lies have greater vertical scale, extending down-t© km
altitude whereas those of R&W are suppressed below 20 km.
The anomalies calculated using the BDBP show greater tem-
poral variability and larger amplitudes than R&W. This is be-
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6 Summary and Outlook 6

HALOE

5 SAGE 1 .

.+ +SAGE2 c . . R
. . P

The material presented above outlines the construction of a . Sl o
new global database of trace gases and aerosols from mulz |
tiple sources of high vertical resolution measurements. The< ® i |
first version of this database, referred to as BDBP version 1.0, 2 -
includes measurements from several solar occultation satel , |
lite instruments (SAGE | and Il, POAM Il and Ill, HALOE) . e
and from ozonesonde flights from over 130 stations glob-  1es0 1em 1a84 1es6 1088 1000 19‘93 1004 1006 1968 2000 2002 2004 2006
ally, covering the period 1962 to 2006. It is planned to up- e
date the database annually to include the newest ozonesond )
data, add historical data sources that have not yet been in_ ° |
cluded (e.g. ILAS and GOMOS, and more ground-based § 4
measurements, for example lidar data), add measurement 2
from new satellite-based instruments currently in develop- '%2 i
ment, and possibly newer versions of the data already in the2
database (e.g. from the application of improved satellite re-
trieval algorithms). 0 T
The intel’na| Constructlon Of the database a”OWS fOI’ con- 1980 1982 1984 1986 1988 1990 19939;;994 1996 1998 2000 2002 2004 2006
siderable flexibility: To)

3 -

— Where measurements are available at high temporal res-% 7
olution e.g. during an intensive ozonesonde campaign, &
the resolution of the original data is maintained. £ 5]

2]
B

— Measurement sets can include any number of individ- ~ | P
ual measurements taken by the same instrumentatta |
latitude, longitude, altitude and time and this can vary 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

between data sources or within a data source. vear

- T_he database has a single common format so that UtIIFig. 7. Individual data values extracted from the database for three
ities to extract subsets of data from the BDBP are easyyifterent species. The different data sources are colour co@dd.
to write and quick to execute. Ozone (in ppmv) at the 550K isentropic level for equivalent lati-
tudes south of 70S extracted from Grid Ill. For clarity only every
— The database consist of three different grids but thesth data point of SAGE II, HALOE, POAM Il and POAM llI is
structure of the measurement sets is the same for alplotted. (b) NO, (in 10'® molec/n?) at 25 km altitude between
three grids which simplifies data handling. 44° S and 46 S extracted from Grid I. The thick black line repre-
sents the 3-month running mean for the monthly means calculated

— The construction of the database allows for new, asfrom all data points(c) HzO (in 10-® moles/mole) between 9hPa
yet undefined’ Species’ or measurements from new inand 7 hPa for the latitude band 30°40extracted from Grid Il. For

struments, to be added without revision of the existing clarity only every 5th data point from SAGE Il and HALOE is plot-
database — the measurement sets from the new insm}_ed. The thick black line represents the 3-month running mean for
ments, possibly including newly defined species, are in-the monthly means calculated from all data points.

terleaved amongst the existing measurement sets.

— Measurement sets for a latitude and altitude are sorted — Because temporal means are not calculated, trace gas

by time which speeds up navigation and searching profiles at a specific location and time, if available, can
within the BDBP. be extracted for studies requiring point source data.

— Although the original trace gas profiles are not included
in the BDBP as one coherent unit but are stored on pre-
defined levels, profiles can easily be extracted from the
BDBP, if required, since the vertical resolution is high

— Case studies with data from only one data source, or a
combination of data sources, can be made.

(about 1 km for Grid | and Grid I1). — Since alongitude value is stored with each measurement
set, analyses requiring longitudinal disaggregation can
This flexibility allows for multiple applications: be undertaken.
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— The temporal and spatial coverage of the BDBP is suf-inhomogeneities between the different data sources. While
ficient to provide data for statistically significant trend comprehensive screening was applied to the different data
analyses. sources, systematic offsets and drifts between the data

. ) . . sources are likely MlcPeters 1999 Randall et al. 2003

— Itis possible to bin the data from the BDBP in several \j4;aryan et a)2005. To correct for these offsets and drifts
different spatial and temporal resolutions, as requiredye are developing procedures for deriving correction func-
for analyses (e.g. monthly means, seasonal meansjons that can be applied as a function of latitude, altitude
yearly means etc.), since data in the BDBP are stored,,q time. The way we are doing this is to first select a “gold
with the information of the exact measurement time, lat- iangarg” dataset. In this case we will select SAGE 1. We
itude and longitude. will then iteratively compare the other data sources against

the gold standard. Differences between coincident measure-

ments from the selected data source and the gold standard
will be calculated. Functions for latitude zones, including
second order polynomial dependence in the vertical and off-
— Since the BDBP covers a long time period, climatolo- set and trend in time, will be fitted to the differences. The
gies calculated from the BDBP can be used to providefunctions will then be temporarily applied to correct the data
boundary conditions for model simulations. which will then be merged with the gold standard to pro-
duce a new extended gold standard. In this way we can se-
Examples of some of the products available through thequentially derive correction functions for each data source.

BDBP are shown in Figr. The correction functions will not be applied to the data in the
The evolution of the ozone hole every spring is clearly vis- BDBP but will be provided with each data source so that the

ible and the values from the 6 different data sources show n@sers of the database can apply these functions should they

significant offsets or drifts in comparison to each other. Thewish. This functionality will be included in Version 2 of the

NO; time series plotted in panel (b) of Figshows decreases BDBP.

in NO2 in 1991 and 1992 resulting from the Mt. Pinatubo An advantage of Combining measurements from multi-

eruption. The HO time series plotted in panel (c) of Fig.  ple sources is the improved temporal and spatial coverage

shows good agreement between the HALOE and SAGE llachieved. It was shown that only with the combination of
data sources and the derived monthly means are in googhe different data sources a high index of coverage (B-factor)
agreement with Fig. 3a dRosenlof et al(200). In con-  could be achieved. Especially the 0zonesonde data contribute

trast to the high water vapour values seen in the 1991—considerably to the coverage of the troposphere and the lower
1994 SAGE Il data in Fig. 3a dRosenlof et al(200]), the  stratosphere.

SAGE Il data screening implemented here removes most of QOne of the first applications of the BDBP will be the cre-
the H,O data points in this period where measurements weretion of a global latitude/altitude/time monthly mean ozone
strongly affected by the eruption of Mt. Pinatubo. database to provide the ozone boundary conditions for global
This version of the BDBP does not consider problems ofclimate model simulations. To achieve this, missing values
need to be spatially and/or temporally interpolated and is the
focus of ongoing development.

— The combination of data sources in the BDBP provides
a robust basis for climatology calculations which can be
used to validate chemistry-climate models.
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Table Al. Ozonesonde stations from which ozone profiles have been added to the BDBP. Note that for some stations only seasonal data are
available although it is not specified in the table. The number of soundings per year is the average value (rounded to the next full number) of
all years where soundings were available and before quality selection criteria were applied.

Station name Latitude Longitude Time period Num. of sound. Data sources
per year (ave.)

Alert 82.49 —-62.42 1987-2005 50 WwOouDC
Eureka/Eureka Lab 80.04 —-86.17 1992-2006 61 WwoubDC
Ny Alesund 78.93 11.88 1990-2006 100 wouDC
Thule 76.53 —-68.74 1991-2005 18 WOUDC & NDACC
Resolute 74.72 -94.98 1966-2005 39 WOuDC
Summit 72.60 -38.50 2005-2006 21 NOAA
Barrow 71.31 -156.60 1974 4 WOuDC
Scoresbysund 70.50 —22.00 1989, 1991-2005 47 WOUDC & NDACC
Sodankyla 67.33 26.50 1988-2006 69 WOUDC & NDACC &

personal communication
Salekhard 66.70 66.70 2005 18 NDACC
Poker Flat 65.13 -147.45 1979-1982 13 WOouDC
Fairbanks 64.81 -147.86 1965 26 wOouDC
Igaluit 63.75 —68.55 1991-1992 16 WwOuDC
Yakutsk 62.03 129.63 2004-2005 9 NDACC
Jokioinen 60.81 23.50 1995-1998 25 WwOouDC
Lerwick 60.13 -1.18 1992-2001 55 WOuDC
Churchill 58.75 -94.07 1973-2006 40 wouDC
Cold Lake 54.78 -110.05 1977-1981 16 WOuDC
Edmonton 53.55 -114.10 1970, 1972-2005 42 WOuDC
Goose Bay 53.30 —-60.36 1963, 1969-2006 45 wouDC
Berlin/Tempelhof 52.46 13.43 1966-1973 45 WQouDC
Legionowo 52.40 20.96 1979-2006 49 wOouDC
Aberystwyth 52.40 -4.10 1991-2001 36 NDACC
Lindenberg 52.21 14.12 1975-2006 63 WQouDC
Vanscoy 52.11 -107.16 1992, 2000, 2002, 2004 10 WOuDC
Debilt 52.10 5.18 1992-2006 42 WOUDC & NDACC
Valentia Observ. 51.93 -10.25 1994-2004 28 WwOuDC
Yorkton 51.26 -102.46 1975-1978 24 WOuDC
Uccle 50.80 4.35 1965-1967, 1969-2005 105 WOUDC & NDACC
Gimli 50.63 -97.05 1980, 1982-1983, 1985 9 WOouDC
Bratts Lake (Regina) 50.20 —-104.70  2003-2006 44 WOuDC
Praha 50.02 14.45 1979-2006 42 WOouDC
Kelowna 49.92 -119.40 2003-2006 41 WOuDC
Hohenpeissenberg 47.80 11.02 1966-2006 105 personal communication
Spokane 47.66 -117.41 1976 7 wouDC
Great Falls 47.48 -111.35 1977 4 WwOouDC
Caribou 46.86 -68.03 1981 1 WOUDC
Thalwil 46.81 8.45 1966-1968 61 WOuDC
Payerne 46.49 6.57 1968, 1970-2006 119 WwOouDC
Pellston 45.56 -84.68 2004 38 NOAA
S.Pietro Capofiume  44.65 11.61 1984, 1991-1993 25 WOuDC
Biscarrosse/SMS 44.36 -1.23 1976-1983 45 WwOuDC
Egbert 44.23 —79.78 2003-2006 37 WOuDC
Haute Provence 43.93 5.70 1981, 1995-2006 45 WOUDC & NDACC
Sable Island 43.93 —-60.10 1997 31 NOAA
Yarmouth 43.87 —-66.10 2003-2006 31 WOuUDC
Toronto 43.78 —79.47 1976, 1978, 1980, 3 WOuDC

1982, 1987, 1994

Sapporo 43.06 141.33 1969-2006 26 WOuDC
Sofia 42.81 23.38 1982-1991 24 wouDC
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Station name Latitude Longitude Time period Num. of sound. Data sources
per year (ave.)

Ainsworth (Airport) 42.58 —100.00 1986 8 woubDC

Bedford 42.45 —71.26 1969-1971 26 WouDC

Rhode Island 41.40 —71.50 2004-2006 59 NOAA

Trinidad Head 40.80 -124.16 1999-2001 36 WOuDC

Purdue University 40.50 -87.00 1996 27 NOAA

Madrid/Barajas 40.46 -3.65 1994-2002, 2004-2006 34 WOuUDC

Boulder 40.08 —-105.25 1963-1966, 1979-1989, 22 WOUDC & NOAA &
1991-2006 NDACC

Ankara 39.95 32.88 1994-2001 21 WOuDC

Denver 39.76 -104.88 1977 1 WwouDC

Cagliari 39.25 9.05 1968-1970, 1972-1980 35 WOuDC

Topeka 39.06 -95.63 1963 10 WOuDC

Sterling 38.98 —77.48 1962-1966 33 WOuDC

Virginia 38.10 —78.50 1996 31 NOAA

Wallops Island 37.89 —75.48 1970-1982, 1984-2006 44 WOUDC & NDACC

El Arenosillo 37.10 —-6.73 1983 17 WOuDC

Nashville 36.25 —86.65 1995, 1999 21 NOAA

Tateno 36.06 140.10 1968-2006 32 WOuUDC

Huntsville 35.28 —86.58 1999-2003 33 WOouDC

Cheju 33.50 126.50 2001 13 WwOuDC

Long View 32.50 -94.75 1976 3 WOuUDC

Isfahan 32.47 51.42 1995-1996, 1999-2005 11 WOuDC

San Diego 32.45 -117.11 1977 2 WOuDC

Palestine 31.80 -95.71 1975-1985 19 WOuDC

Kagoshima 31.58 130.56 1969-2005 23 WOuDC

McDonald Observ.  30.66 —-90.93 1969 7 WwOouDC

Houston 29.94 —95.54 2000 26 NOAA

New Delhi 28.65 77.21 1969, 1971-1976, 10 WOuDC
1983-1986, 1994-2003

Izana 28.48 -16.26  1995-2006 59 WOUDC & NDACC

Naha 26.20 127.68 1989-2006 37 WOuDC

Taipei 25.02 121.47 2000-2001 32 WOuDC

Hong Kong Observ.  22.31 114.17 2000-2006 38 WOuDC

Poona 18.53 73.85 1966, 1968-1976, 1982-1986, 8 WouDC
1994-2000, 20022003

San Juan 18.48 -66.13 1976 6 WOuDC

Coolidge Field 17.28 —-61.78 1976 7 WwouDC

Hilo 19.70 —155.06 1964-1965, 1982—-1997, 1999-2006 42 WOUDC & NDACC

Heredia 10.00 -84.11 2005-2006 65 WOUDC & SHADOZ

Ft. Sherman 9.33 79.98 1977 45 WouDC

Albrook 8.98 —79.55 1980 34 WOUDC

Thivandrum 8.48 76.95 1969, 1973-1976, 1983-1986, 12 WOuDC
1994-2000, 2002—-2003

Cotonou 6.21 2.23 2005-2006 46 SHADOZ

Paramaribo 5.81 -55.21  1999-2006 43 WOUDC & NDACC

Kourou 5.33 -52.65 1974 6 WOuDC

Kaashidhoo 5.00 73.50 1999 55 WOUDC & NOAA

Sepang Airport 2.73 101.70 1998-2006 26 WOuUDC

Christmas Island 2.01 -157.40 1999 4 SHADOZ

San Cristobal -0.92 —89.60 1998-2006 34 WOUDC & SHADOZ

Nairobi -1.26 36.80 1996-2006 43 WOUDC & SHADOZ

Canton Island —2.76 -171.70 1965 31 WwouDC

Malindi -2.99 40.19 1999-2006 13 WOUDC & SHADOZ

Brazzaville -4.28 15.25 1990-1992 27 WOuDC
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Station name Latitude Longitude Time period Num. of sound. Data sources
per year (ave.)
Maxaranguape -5.44 -35.33  2002-2006 30 WOuDC
Natal -5.84 -35.21 1979-1982, 1990-1992, 29 WOUDC & NDACC
1997-2006
Watukosek (Java) -7.57 112.65 1998-2006 30 woubDC
Ascension Island —7.98 -14.42 1990-1992, 1997-2003, 44 WwOuDC
2005
Porto Nacional -10.80 -48.40 1992 16 WwOouDC
Chilca -12.50 —76.80 1975 5 WwOoubDC
Samoa -1-4.25 -170.56 1995-2006 37 WOouDC
Lusaka -15.42 28.32 2000 9 SHADOZ
Cuiaba -15.60 -56.10 1992 22 WOuUDC
Ovejuyo -16.51 —-68.03 1965 10 WOouDC
Papeete (Tahiti) -18.00 —-149.00 1995-1999 30 WOUDC & NOAA
Suva (Fiji) -18.13 178.31 1997-2005 28 WOUDC & SHADOZ
Etosha Pan -19.20 1590 1992 16 wouDC
La Reunion Island -21.07 55.48 1998-2006 30 WOuUDC & SHADOZ
Irene -25.91 28.21 1990-1993, 1998-2006 27 WwoubC
Easter Island -27.17 -109.42 1995-1997 25 WwOouDC
Broadmeadows -37.69 14494 1999-2003 44 WwOouDC
Laverton -37.86 144.75 1982-1999 24 WOuDC
Aspendale -38.03 145.10 1965-1982 42 WOuDC
Puerto Montt —41.45 —72.83 1964-1965 4 WwOouDC
Christchurch —-43.48 172.55 1965 25 WOuDC
Lauder —45.038 169.684 1986-2006 63 Lauder archive
Macquarie Island -54.50 158.96 1994, 1996-2003 38 WOouDC
Marambio —64.23 -56.71 1988-1998,2006 29 WouDC
Wilkes —-66.25 110.51 1963 6 wOouDC
Dumont d’Urville -66.41 140.01 1991-2006 26 NDACC
Davis -68.57 77.97 2003-2005 20 WOouDC
Syowa -69.00 39.58 1966-1975, 1977-1984, 32 wOouDC
1986-2006
Maitri —70.46 11.45 1994-1998 19 WOouDC
Neumayer —-70.65 -8.25 1992-2006 75 WwOouDC
Georg Forster Station —70.77 11.83 1985-1992 49 personal communication
Hallett -72.31 170.21 1962-1963 13 WwoubC
McMurdo -77.85 166.67 1986—2005 35 NDACC
Byrd —-80.03 -119.51 1963-1966 28 WwOouDC
Amundsen-Scott -89.98 -24.80 1962,1964-1971, 50 WOUDC & NDACC
1986-1987, 1991-2006
Ship 1 - — 1965-1966 11 WwOouDC
Ship 3 - - 1999 25 WOuDC
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