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There are now about 120 Brewer Ozone Spectrophotometers of different types in the
Global 0) Observing System. At this point in time, since the introduction of regulations to
control the use of Ozone Depleting Substances (ODS), the Brewer network is ideally placed to
make the observations necessary to confirm the efficacy of those controls. The Brewer network

has the capability to provide the very-high-quality data needed to help verify the changes in the
ozone layer expected in the next decade as a result of changes in the usage pattern of ODS.
The Brewer Workshop meetings are a crucial part of the process of ensuring that all Brewers are
properly operated and that instrument calibrations are tightly traceable to international standards.

meeting on Brewer Ozone Spectrophotometer Operation..

Calibration and Data Reporting.
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1. Openine of the Meetin2 and Election of-a Chairman and Rapporteurs

1.1 Brewer User's Working Group

The Brewer User's Working Group is supported by the World

Meteorological Organization, the International Ozone Commission, and

Environment Canada. The goal of the Working Group is to improve the overall

level of performance of the Brewer Ozone Spectrophotometer global measuring

system through tile informal exchange of information, ideas and scientific results.

The first meeting of the Working Group series took place in 1990 in Arosa,

Switzerland in conjunction with an internatjonal intercomparison of Dobson and

Brewer Spectrophotometers. It is intended that the working group meet every four

years in conjunction with the Quadrennial Ozone Symposium and also in the interval

between at the same time as another significant event in the ozone community such

as an ozone instrument intercomparison. The emphasis of the Working Group is

particularly focussed on the exchange of tile scientific and technical knowledge

required to properly operate a Brewer ozone station for the collection of high-

quality ozone data and to discuss and promote the enhancement of the Brewer

observing syrtem.

1.2 Official Opening by the

Authorities

1.3 Opening remarks by

1.4 Opening remarks by the Chairman, C. T. McElroy

The Working group is indebted to the Pennanent Representative to the WMO
for Spain and the local organizers for the wann welcome received in Tenerife. In
particular, E. Cuevas and C.R Jimenez worked very hard to prepare for the Working

Group sessions and have made all of the attendees welcome.

five of Spain and LocalPermanent

Rumen Bojkov, WMO



The Brewer working group meetings are intended to exchange information to
ensure that all of the Brewers in the global network will provide data of the highest
quality. The Brewer network began in 1979 with the introduction of the prototype
instrument #004 in Toronto. The number of instruments in service has increased by
about 1/3 since 1990. Since the introduction of the Brewer it has already become an
important contributor to the global ozone data set and is becoming a significant
source ofUV-B data.

While presenting scientific results from the Brewer network is not the primary
goal of the \A,,'orking Group meetings, it supplies a mechanism for starting the

discussion process and provides an extra incentive to new users of the Brewer by
demonstrating the capabilities of the instrument. Since the acquisition of scientific
data about the atmosphere is the final goal of operating the Brewer in the global
network, it is important that the quality of the final output data produced be the
subject of stringent quality controls.

The recommendarions from the previous Working

reviewed and a number of open issues were passed forward for inclusion in the

discussion of recommendations at the end of the current sessions.

Group meeting were
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3. Total Ozone Measurements

3.1 Re-evaluation of Brewer #005 Ozone Data from 1982 to the Present

A. Bais of the University of Thessoloniki in Greece present.ed results of a re-
analysis of the total ozone record for Thessoloniki measured with Brewer instrument
#005. The ozone recor~ which started in March 1982, is one of the longest records
made using the Brewer instrument. For the first three years the instrument was
operated maIlually and in 1985 the ins1roment was automated. In general, the
instrument was found to be more stable after automation after which time the
instrument was left outside all the time. The data record was divided into several
intervals separated at times when changes in the instrument were known to have
taken place.. Standard lamp measurements were used to carry the calibration of the
instrument from one period to another. Variations in the lamp record suggested that

0-
~~

Figure 3.1.1 Ozone Standard

[J.Kerr, rapporteur]

4

Lamp ratios for instrument
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Figure 3.1.2 Standard. lamp ratios as a fimction of temperature. Note more than one relationship.5 "
1 .

.~ 1'. .. .
~ ,.' ... .
'-'" .. . .. .'. . .. .:. . .'.'

I . .. .' .. .. .. . . .... '..""" .. . u... ~~ . .. .. .'.-! .. .. . ...CD . f. ~ . .. ..'. .4.- rft. . .~I .. .. . .. . . . ,..') ..
.,..,~~. . ...< ~ . . ... .-- . .'" . . . . .,. "' ..',..., r - ..1 . . . . .~.. " .

I.A.. . ... . Jf ,. .'. 't.. .. . CD . . . - ;,.1 ~.f' ~: . :..~. ...,:.~..
.. ... ..

I ,. . ... ... . 'oJ .... . - . " '. . - .
(/) .~. ... ' .~.. ~,~ . , :.,...J.: '- . .- . . .. . ..~c..,0 . . . . .. . '-'. . ,.. . . ..., .. ~.' "f- . . .
:.., ' . ..

-1 .. .

-15
A2 83 84 85 86 87 88 89 90 91 92 93 94

Figure 3.1.3 Uncorrected time series of#OOS ozone.dataoompared to TOMS.

, ~

~

~
m
"~
~
m
I

<n
~
0
t--
:-'

~

-4-



Figure 3.1.4 Comparison of

The temperature response of the instrmnent was also detennined from the

lamp record and was found. to change as a function of time. The reanalysis of the

data included the effects of changes in the instrument's extrateITestrial values and the

instrument's temperature dependence as determined from the standard lamp record.

The revised ciata set shows improved agreement with the TOMS satellite record for

ThessalomKi.

In the discussil
example of how data records should be reanalyzed. The question of changes in

temperature response of the instrument with time should be considered for a

thorough re-eValuarion.

3.2 The Measurement program at Valentia Observatory

andozone data from #005 TOMS results.corrected

following the presentatio~ it was noted that this is a good

- 5-



v. J.YJ.wpuy VJ. U1~

Irish Meteorological

Service presented an ~..

overview of the ozone .. t..~... ~ .. .. ..

i*tJ::s:";"'" t,.observation program that ~~ ~~~-~:t. .&,';" .."~"~

.;. .. --K ~F~'" ~~'.. ":':'f:~
began recently at the :+- :.. ."""'" .:~~*:.-\- IY :~

"-"~F?f~"~Valentia observatory ;... ~. !."... "..';. + ., + ..
(51.95°N, 10.25°W) on .. t -$-
the south-west coast of
Ireland. Since February
1993 ground-based -
ozone, SO~ NO2,
Umkehr and UV-B
irradiance measurements 00 . ~ - ~ - 35with Brewer instrument #088 ~T

and ~zonesonde profile Figure 3.2..1 Total Ozone measured at Valentia 1993.

measurements have been

made on an operational basis.

The Brewer instrument has been operating on a winter schedule from
November to March and a summer schedule from April to October. Results of the
operation to date indicate that 40% of direct sun measurements are of good quality
and no good direct sun measurements were made obtained 25% of the days.
Including zenith sky data in the record is important since the humid Maritime
conditions at the station result in many totally overcast days. The measurement
record date shows significantly more ozone in 1994 than in 1993.

Future plans for operations at the observatory include
to the WODC and using the measurements in a UV forecast

sending all ozone data

program.
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3.3 The Temporal Behaviour of Ozone over Italy in the Period 1992-1994

Ozone measurements have been made routinely with Brewer instnnnent #067
at the University of Rome (41.9°N, 12.5° E) since May 1991 and with instrument
#066 at Ispra (45.8°N, 8.6°E) since September 1991. UV-Bmeasurements at
Rome were started in January 1992.

Instrument perfonnance has been carefully monitored over the period of

operation. Generally the instruments have operated within acceptable tolerance.

limits except for the instrument in Rome during "summer. It is suspected that high

humidity has caused variable R5 and R6 standard lamp values which are, therefore,

ETC values used forused to correct the

Coefficients for zenith" sky chart" observations were derived at both sites and

significant improvement was found when the 9 coefficients were changed from the

Toronto values.

3.4 Diurnal Ozone Variations at Toronto and Edmonton

J .B. Kerr of the Abnospheric Environment Service in Canada presented

results of total ozone measurements since 1984 made at Toronto with Brewer

instrument #015 and at Edmonton with instrument #0 13. The measurementS at both

sites indicate a similar diurnal variation in total ozone. Ozone increases slowly

during the morning and peaks in late afternoon. The peak in the afternoon is

typically between 1 % and 2% higher than the early morning value.

deriving total ozone.



Figure 1 a.
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The cause of the dimnal variation is most likely variations in ground level

ozone. Results of smface ozone concentration measurements at a site 4 km from

the Toronto Brewer instrument show a similar diurnal behaviour with average ozone

concentrations increasing to a peak in the afternoon that is about 30. ppbv more than

the early morning value. Edmonton ozonesonde data also suggest that the dimnal'

variation is caused by low level ozone. When 00:00 GMT (18:00 local standard

time) flights are compared with 12:00 GMT (6:00 AM local time) there is an

average of about 3 DU less ozone in the troposphere in the morning than there is in

the evening during the smnmer months (May to August). All of this difference is

seen in the lowest 3 or 4 kin.

-9-



4. Data Comparisons

4.1 Brewer/DobsonffOMS ozone
variat'ons of the differences

U. KOhler of the Gennan Weather Service presented a comparison of the

Brewer instrument # 10 and the Dobson # 104 at the Hohenpeissenberg, Germany.
The difference was only 0.7%, indicating no trend between them. Only simultaneous
observations (i.e. within 10 minutes) were compared. The Brewer measures more
ozone than the Dobson during the winter, this work is a relative difference
comparison. For large m values (i.e. low sun angles), the Brewer yielded higher
ozone values than the Dobson and for low m values (i.e. high sun angle) the

opposite relationship exists.

A comparison between TOMS and both the Brewer and Dobson indicated a

downw-ard linear trend over the last ten years. The diurnal variations of ozone from

the Brewer and Dobson at noon show the Dobson to measure higher ozone

amounts (AM to early PM), but then yields lower ozone amounts at the fringe points
where m is less than or equal to 2.7. There is a phase shift With TOMS data: it

measures more ozone in the summer and less in winter.

The seasonal variation in total ozone amolmt between the years 1984-1994
from both the Brewer and Dobson indicated low ozone values during winter with a

distinct shift indicated from the last 1 0 years when compared with measurements

from the 1960's and 1970's. Annual trends indicated that for the period April-
November these trends were qllite small and largest in March.

The number of observations per day from .the Dobson has decreased from 20,

in the early 1970's to below 15 since 1985, while the Brewer maintains greater than

20 observations per day. It was suggested that missing Dobson data be replaced

with Brewer Jata by using "interpolated difference values" from days before/after

~:~1 " '"

[E.Hare. rapporteur)

rements: Daily and annualmeasu .
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the missing days of Dobson data. It was stressed, however, that the Brewer is not to

replace the Dobson but is considered a valuable data supplement.

4.2 A comparison of observations made by the Brewer, TOMS and SAOZ

E. KyrO of the Finnish Meteorological Institute (FMI) presented the results of

the total ozone monitoring program using Brewer #037 which has been in operation

since April of 1988, and UVB measurements since June 1990. Beginning in

February 1990, FW added observations using the SAOZ instrument which

measures in the visible ban~ centered at 510 nIn. In general, only zenidt sky

observations have been made, but on occasion focused sun and moon observations

are made. TOMS data are also available for comparison.

Time series analysis ofTOMS~ Brewer and SOAZ at 670 N were compared

between the years1988-1994. The observing program was from the beginning of

March until the end of October provided that the solar zeirith angle was less than

80°. Moon observations were used at other times.

A comparison was made of the ratios of the Brewer ozone amounts divided

by the TOMS values. During October up to 10% difference was observed with the

largest differences occurring at the fringe of the above mentioned temporal range.

During summer only about 2% difference was observed. Regression analysis

indicated a slope of approximately unity with an intercept of about zero. The R2

value was about 87%.

A similar comparison of the Brewer to SAOZ was conducted for March

1992 (after Pinatubo), but the SAOZ was greatly affected and, therefore, the 1992

data were omitted and only 1990, 1991, and 1993 data were used. Regression
analysis yielded the following representative equation: y = 0.009 + 1.275x with R2 -
24 %. It was suggested that the reason for strong seasonal dependence is based on

the temperature dependence ofUVB, S~ and m dependence. The SOAZ and

-11-



Brewer instruments supplement
standalone.

4.3 A comparison of Dobson No. 61 and Brewer #025 ozone measurements
made at Boulder between October 1991 and January 1994

G. Koenig, representing NOAA, presented a comparison of ozone data from
Brewer #025 and Dobson #61 over the period of October 1991 and January 1994.
Data were used from days where the following three criteria wer:e met: the standard
deviation was less or equal to 2.5, the m value less or equal to 3.2 and both the
Dobson and Brewer instruments have values.

The seasonal time series regression analysis for these three'periods indicated
the relative difference between the instruments as follows: up to 1993 the difference
was -1%, for 1993 -3% and 1993-94, -1%. The data from the Dobson
observations represented the best measurement of the day while the Brewer data
represented daily averages of many observations. This potential difference in the
time of observation which can be as large as 8 hours, did not affect the data enough
to explain this 3% difference in 1993. The Dobson did consistently read lower than
the Brewer, by as much as 5 Dobson units (DU), or about 1.5%, as a diurnal

difference.

Brewer #025 and Dobson #61 were compared with the world standard

Dobson #83; the Brewer showed good and Dobson #61 poor correlation. Brewer

#025 was then compared with both Dobson #83 and the secondary standar~

Dobson #65. Various aspects were examined which included: lamp conditions,

difference versus ozone amount, daily values at selected times, sulphur dioxide

amount, lamp intensity and.the high voltage power supply for the PMT.

other, but neither instrument is viewed as aeach

- 12-



4.4 Intercomparison of Dobson and Brewer ozone measurements made at
low sun angles

S. Nichol from the National Institute of Water and Atmospheric Research,

New Zealand presented data observed in the Antarctica. The summertime

observation schedule from September 15 to March 21 is primarily direct sun

measurements. The Brewer schedule can change throughout this period, but the

Dobson schedule remains fixed at 4 observations near LOcal Apparent Noon (LAN).

The winter season is restricted to moon observations.

The Scott Base is a high-latitude station and, .therefore, produces

predominantly low sun measurements. When the ozone destmction begins in late

winter and early spring, moon and large-SZA observations are used, which

unfortunately are less reliable and the least accurate. Results indicate that, in

summer, the values are about 300 DU versus about 150 D. U. in the spring, in late

October .

Daily average data from the Brewer versus LAN values from the Dobson
'agree to within 5%. For the years 1991-1993, direct sun values observed within ten
minutes of each other were represented as a ratio: (Dobson-Brewer) / Dobson. The
results showed agreement to within 5% for small m values «2.5), 1 0% for m values

of 3-5 and> 15% for m values of 5-6. Instrumental stray light problem associated

with the very low angle causes these large errors..

Observations from 2 days in October 1992 at LAN (- 1300 hrs local time)

resulted in values that were too low because of the stray light problem. Full-moon
periods offer reasonably good observations. Daily moonlight observations under
these conditions provided agreement of 5-9% for the (Dobson-Brewer) / Dobson
ratio of simultaneous moon observations. Results indicated a steady decrease in
ozone amount from 320 to 180 D.U. and agree to within 3% for aimlass values up

to 3.0.

-13 -
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Figure 4.3.1 Comparison of ozone measurements by Brewer #025 and Dobsons 61, 65, and 83.
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4.5 Comparison of Brewer ozone data with over-passing
measurements

V. Fioletov of Environment Canada presented a comparison of TOMS data
with data from several Brewer sites. The analysis indicated that TOMS had
instrumental problems for latitudes> 78°. The, fact that the TOMS instnunent waS
available on two satellites (Nimbus- 7 and Meteor-3) with different orbits was
discussed. In addition to TOMS data, ground-based total ozone data available from
the World Ozone Data Centre (WODC) were used in the analysis. Brewer data

from Rome University, and Dobson data from Vigna di VaIle were used as a
comparative example of the difference between two ground reference stations.

The differences between the TOMS and Brewer and Dobson instruments

were discussed. Taipei showed large differences between direct sun and zenith sky

measurements and there was about 3-4% difference in the Brewer data from

Thessaloniki and Hohenpeissenberg compared with TOMS. Using only the best data

(i.e. direct sun)~ the comparison of the Brewer-TOMS data indicated a relative

difference of2% in winter and about 0.5% in summer~ while the Dobson-TOMS

was consistently arol.llld 0.5%. This difference is likely to be due to die different

temperature coefficients for the ozone absorption cross-sections for the different

Instruments.

The final presentation concerned ground-based instruments in general,
compared to TOMS data during the period 1979-90. The results are given in the
following table. The I?ercentage figure in parentheses indicates the fraction of total
data available from the station which was available for the comparison as a result of

using only direct sun ozone values in the analysis.

satellite

- 14-



Comparison

Measurement type

(%) Direct Sun

4.6 A comparison of Brewer
measurements

J .B. Kerr ofEnvironme~t Canada presented an analysis of TOMS data

compared with Brewer data from Toronto and Edmonton for the period 1984-1993

including an examination of Dobson versus Brewer data for stations at Toronto,

Edmonton, Goose Bay and Churchill.

The first comparison was for Toronto data for the years 1984-1993. Toronto

Brewer #015 / TOMS data plotted against TOMS SZA yielded about a 2%

difference. For solar zenith angles from 20°-50° the TOMS data show a larger

difference, however for SZA's > 55°, the difference with TOMS is smaller. For

comparisons made with data collected within a 1/2 hoW" of the TOMS overpass, the

standard deviation is about 1.3%. Similar results were shown from Edmonton. In

summer, Toronto (TOMS SZA < 40°) and Edmonton (TOMS SZA < 50°), shared a

TOMS reflectivity dependence, while in winter where the TOMS SZA's are > 60°

and > 70°, respectively, much of the reflectivity is due to snow cover. In general

there is good agreement despite some systematic reflectivity dependence. It was

stressed that TOMS detects these reflectivity effects which the Brewer does not.

Analysis of the ratio of TOMS / Brewer#O 15 data versus time (at LAN)
showed very good correlation with standard deviation. TOMS was greater than the

Brewer in the morning to just past LAN $en falls off in late afternoon and evening.

Instrument

Filter instrument

(9 Stations)

(60%) 4.1%

Dobson

(>20 stations)

(60%) 2.3%

(10

data with TOMS and Dobsonozone
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A similar standard deviation dependence was seen in the Edmonton data along with
the 1 % systematic difference between TOMS and the Toronto and Edmonton
Brewers. The difference between TOMS and the Brewer as time moves away from
LAN (up to 24 hours in the summer) is between 2 and 6%.

Daily mean ozone values reported in the Redbook do not necessarily attempt
to synchronize with a TOMS overpass, but are affected by diwnal variations which
increase the standard deviation to about 3 %. If data more than 2 hours away from
LAN are removed, then the standard deviation becomes 2.3% for Toronto and 2.5%
for Edmonton. This eliminates about 30% of the data, but greatly improves the
results. If ground reflectivity is less than 0.5 (non-water) the standard deviation is
slightly less again. Combining all these effects, the Toronto standard deviation

becomes about 1.8%.

Dobson and Brewer data through the years 1984-1994 for Toronto, indicated
a correlation of 0.994 for daily averages from Dobson / Brewer with a standard
deviation of 0.019 with both instruments on the Bass-Paur scale. Edmonton data for
the years 1984-88 had a 1% difference, with a standard deviation of 0.016. This
comparison of TOMS / "simulated Dobson" data from Edmonton takes into account
the diurnal and seasonal variation. Other stations like Goose Bay and Churchill

show similar results.

4.7 Measurements of ozone in 1993 in Malaysia

A discussion of the performance of the first

by C.P. Leong of Malaysia.

Brewer was presented

-16-



5. Hi~h Latitude Measurements

5.1 Measurements of Ozone and NO} made by Brewer Instruments and by
SAOZ in Eastern Siberia

V. Dorokhov reported on the investigation, using Brewer and SAOZ

instruments, into the Eastern Siberia region of the Northern Hemisphere, which

showed increased total ozone values, unlike the other two regions where low ozone
values were seen. A Brewer rvfK - II spectrophotometer is installed in Yakutsk

(62° N, 13° E) for total ozone observations and high-quality direct sun measurements
for the validation of satellite ozone data. A SAOZ UV - VIS spectrophotometer is

operated in Zhigansk (67° N, 123° E) for monitoring 03 and N02. The advantage of

using the visible spectral region is that it makes it possible to make year-round

ozone and nitrogen dioxide observations at the latitude of the Arctic circle.

The total ozone and NO2 data collected during 1992 to 94 revealed some

characteristics of ozone layer behaviour in Eastern" Siberia:

a) A total ozone decrease of up to 15% below noInlal was detected in Yakutsk
by the Brewer instrument in July and August of 1992 and 1993;

b) For the first time the stratospheric NO2 column was measured in Siberia by
the SA'JZ (N - VIS spectrophotometer and the annual cycle ofNO2 Variations

was observed;

c) It was found tha~ on average, in winter the NO2 column near the Arctic circle

in ZJ1igansk is larger by a factor of 3 than in Scandinavia at the same latitude

(670 N);

d) A total NO2 reduction by 30% due to

summer 1992 compared to 1993 w~s

[A.Bais~ rapporteur]

~

~

..

.
the Pinatubo ~erosol in spring and
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Comparisons of TOMS, Brewer #045 and SAOZ total ozone data in 1993
indicated that there was good agreement between all instruments when
measurements are made during the cold part of the year. At warmer
temperatures in the low stratosphere, TOMS and Brewer data were closer
than SAOZ. A correlation between the 50mb temperature and the ratio
TOMS / SAOZ displayed a temperature dependence of4.2 x 10-3 per °C.

e)

It is planned that SAOZ and Brewer observations be continued in Siberia in

1994-1995 for ozone layer monitoring and the validation of satellite data from
TOMS /1vIETEOR-3, ERS-2 and ADEOS (1996) and to start ECC ozone sonding

in Yakutsk in late 1994 during the SESAME campaign.
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5.2 Brewer data taken during the Antarctic ozone hole in 1993

L. Ciatagglia summarized the results of data taken from the two:rvn< - IV
Brewers, #035 and #050, at the Belgrano2 station and Scott base. Belgrano2 station

(77.80 S ,34.60 W) is situated in the southernmost part of the Weddel Sea. Scott

base (77.80 S, 165.60 E) is in the Ross sea area, making the two sites almost on

opposite sides with respect to the South Pole. The ground-based measurements of

ozone and other minor stratospheric constituents were caITied out with a good level

of efficiency, mainly during the period September to March each year when the Sun

elevation angles were convenient for these types of observations, Despite weather

conditions, which are sometimes very harsh, both instruments provided good

records of total ozone, nitrogen dioxide and UV-B and; on some occasions, also

Umkehr profiles. A third.instrwnent, #099, was purchased for use during

campaigns in remote areas (for instance Ushuaia, TieITa del Fuego) or as a traveling

standard.

, It was reported .tha~ during October-November 1993, there was an

opportunity tn get some Umkehr profiles with the Brewer instrument installed at

Scott base using the program set Up by C. T. McElroy. During this period a fast
growth of Ozone appeared and for days 23, 30 and 31 October 1993, the vertical
profiles were reconstructed taking advantage of atmospheric conditions very
suitable for this kind of observation. Contemporary values of 03 at Belgrano and
especially the TOMS maps confirmed that the Antarctic vortex and the Ozone Hole
were shifted towards the Weddel Sea. Total Ozone values were very close to
TOMS data thus confirming the validity of monitoring the Ozone hole either from

the ground or by satellite.

UV -B measurements were also taken during the whole year, showing a clear
relationship with the depletion. of the Ozone layer. DUV and action spectrum
(Diffey, DNA Setlow, and Erythemal components) quantities, if examined into
detail, appeared higher during October and November than dming December and

~
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January when on the other hand the Sun is at a higher

Ozone Spectrophotometer observations made at high Arctic5.3 Brewer
(Heiss Island) 1989-94

V. Dorokhov presented the results of ground-based observations of total

ozone, using a Brewer spectrophotometer, at high latitudes in the Arctic European

sector at Heiss Island (810 N, 580 E) in 1989-1994. These r~sults complinlented the

overall patterl of the atmospheric ozone field of the Northern Hemisphere both

before and following the Pinatubo eruption.
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Figure 5.3.1 Daily ozone over Heiss Island in 1990-1994.

The results of the investigation showed:

angle.
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winter seasons of 1989-1994, under low of solar illlJtn1nation in the

stratosphere, no long periods were marked by significant depletion of

a) In the
lower
ozone content in the annosphere at 810 N;

b) Dming the polar day in 1992 and 1993, a record low total ozone values were
detected at Heiss Island latitude as compared to the climatic nonn; maximum
ozone decrease of 16.7% was observed in August 1993. On average the
April-September 1993 ozone values were 13.2% below normal;

During the summer periods of 1992 and 1993, at high polar latitudes, total
ozone decrease agreed with that at the middle latitudes of the N orthem

Hemisphere.

c)

5.4 Measurements

P. Eriksen presented ozone and UV measurements from the 1v{Kll Brewer

#053 operat~d by the Danish Meteorological Institute since September 1990 at

Sondre Stromfjord, Greenland (67°N, SloW). Dobson #92 has also been used

occasionally at the same site, but on sunny days only, and was used for comparisons

with the Brewer, having been calibrated at the WMO Intercomparison in Arosa in

1990. The comparisons between the instnDnents showed an agreement to within 4

DU, or slightly more than one percent, with measurem.ents restricted to air mass less

3 and with measurements taken within 30 minutes.

The period in which reliable measurements can be achieved is approximately
from mid February through late October. The site at Sondre Stromfjord is on a
small hilltop 300 metres above sea level and is characterized by very clean air and
an almost perfect horizon. At midsummer, measurements can almost be taken
around the clock since reliable focused sum measurements can be done down to air
mass 7, only limited by the shade cast by the window frame.

-

of ozone and UV with Brewer #053 in Greenland
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Because of the eruption ofMt. Pinatubo in June 1991, DS measurements
were used on clear days to infer the aerosol optical depth at 310-320 nm during the
period 1990-1994. The aerosol optical depth can be inferred by starting with the
Beer-Lambert law for a specific wavelength, viz. one of the standard Brewer
wavelengths, and splitting up the total optical depth into a Rayleigh, an aerosol and
an ozone optical depth, and using the raw photon counts for that wavelength,
corrected for dark count and dead time and converted to a count rate. H DS
measurements separated by a MU-value (J/cos for air masses less than about 3) of"
1.5-2.0 are used, the aerosol optical depth can be inferred. Before Pinatubo the
optical depth was about 0.08, increasing to about 0.25 in September 1991, about
0.2-0.25 in summer 1992, decreasing to about 0.1 in April 1993. The aerosol
optical depth in 1992 compared fairly well with aerosol optical depths using other
techniques. This method worked because of the very clean air and lack of
interference from tropospheric aerosols (city pollution).

From TOMS measurements (version 6) between 1979 and 1988, an overall
trend of about 5.5% per decade was seen at Sondre Stromfjord. If monthly averages
are considered from March through September, using TOMS data before 1991, a
steady decline in the summer months (June, July and August) and the spring months
was observed, the latter showing a more dramatic decline approaching 1994. Of all
months, September 1993 showed the lowest monthly means, but 1994 values were
well above the lows observed in 1993. The low ozone values of 1993 were easily
observed in a corresponding increase in the UV, independent of the weather
conditions, especially when considering March 1992-1994.

The D:rvfi was constructing a database for ozone, UV and weather data, but

had not yet put in all of the data. The database was hoped to able to be used to infer

the influence of various cloud types and cloud cover on the UV levels, and for

different solar zenith angles to infer the radiative amplification factor for different

wavelengths or for different action spectra, thus documenting the Arctic UV

climatology .
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5.5 Comparison of total ozone measurements from Brewer, Dobson and high
di rect sun

p .P. Viatte reported on the high resolution spectral measurements of direct
solar UV iuadiance together with spectral measurements of global solar UV
iITadiance perfonned at the Light Climatic Observatory in Aros~ with a double
monochromator. Swiss data was collected on Dobson 101 since 1967. In 1992,
Dobson 15 was replaced by Dobson 62 (Canadian), and theD15 data was
converted to D62 data. Two independent measurement programs were possible due

to the Brewer #040 / #072 compliment.

The total atmospheric ozone amount an~ optical depth were determined by
fitting model calculations to the spectral measurements of direct solar iITadiance.

These results were compared to the data from Dobson and Brewer spectrometers
routinely operated in Arosa. As entirely different calIbration procedures are used
for the UV -spectrometer and for the Dobson and Brewer instruments, this
comparison allows the evaluation of the absolute accuracy of the total ozone
determination from spectral measmements of direct solar irradiance and from the

commonly-used ground-based total ozone instruments.

On 21 days in February and March 1993, more than 1200 spectra of direct

solar irradian;e were taken from 290 nin to 350 nm with steps of 0.5 nm.

The comparison of a typical diurnal change of total ozone measured by all
three instruments clearly showed that the total ozone amount determined from the
spectral measmemen'ts agreed with that from the Brewer instnunent within 2 DU,
whereas the total ozone amount from the Dobson instrument was about 5 DU high
in the morning. Whereas the same temporal changes were found for spectrometer
and Brewer results, the relatively small number of Dobson measurements prevented

a detailed comparison of the dimnal course.

UV spectra at Arosa

..

.
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When comparing quasi-simultaneous measurements for the entire perio~ total

ozone amount determined from spectral measurements of direct solar in'adiance

differed from the results of the Brewer instrument only by -O.4:i:O.7% and from those

of the Dobson instrument by -1.1:::0.90%. The difference to the Dobson instrument

did not show any significant correlation with the total ozone amount and the solar

295. ~ a-a InnQ~':'p.J 1 n 1 I . I .' I . ~
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Figure 5.5.1 The diurnal variation of ozone as determined from spectral measurements of the
direct. solar irradiance and from Dobson and Brewer measurements at Arosa, Switzerland (1840
m &.s.I.) March 8, 1993.

elevation. On the contrary, the difference to the Brewer instrument showed a small
but significant ozone dependence of 0.81 % per 100 DO and of 0.53 per 100 solar

elevation.
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5.6 On the Brewer Intercomparisons

E. Cuevas and A. Bais reported on the results of the 1993 intercompariso

ozone ins1rumentS at Izaiia, Spain.

5.7 UV-B and ozone measurements in Central and Southern Greece

C. Varatsos spoke on the results ofstmace-level measurements of
atmospheric ozone in Athens, Greece, from the beginning to the end of the twentieth

century. These results were used to estimate the UV -B level and determine changes

in the ozone producing potential.

Regular total ozone measurements made using Dobson spectrophotometer
No. 118 were started in 1988 and now fonD part of the data published by the WMQ,
World Ozone Data Center. This data set has been used to examme the consistency
of TOMS data with the corresponding Dobson data on a daily basis. The results
show that Athens Station may be used as a ground-troth for satellite-based total
ozone measurements and also to provide reasonably accurate total ozone values for

southeastern Europe.

The reprocessed daily ozone observations made by the TOMS on Nimbus- 7

over Athens (38° N, 24° E), Sofia (42.4°N, 23.3°E), Dundee (56.5°N, 3°W), St.

Petersburg (600N, 30° E), Cairo (300N, 31° E), Vigna di Valle (42°N, 12° E) were

analyzed from November 1978 to January 1994 to investigate the temporal and
spatial variations of both total ozone and UV - B radiation over this geogr:aphical

area.

A number of vertical ozone profiles up to 35 kIn in height were measured

using the method of free balloon launch (

1989 as part of various EC projects (TOASTE,

OCT A, SESAlviE) to

:.; 'J"1"?:'4" ;;'~;:;: '

at lzafia, 1993

nor
~

.

.

.,

the Athens Station fromozonesondes ), at
~.

TOR-EUROTRAC, EASOE,
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.
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ozone exchange, the lamin~tion of ozone profil~s and the horizontal transport of
ozone. Further, dIe dependence of the Radiative Amplification Factor of the
erythermally active UV on the changes of the vertical ozone profile was attempted.

Broad-band and spectral SUVR measurements were obtained at the central

and southern Greece since 1986 by using three Eppley radiometers and the YES
UV-B1 radiometer. In collaboration with the Photobiology Units ofDWldee and
Athens Universities, the indoor and outdoor 1\.1ED were also measured using the
polysulphone :film method.

6. New Developments

6.1 Design eiements of the Brewer double monochromator

C. T. McElroy talked about the Double Brewer Spectrophotometer. The

instrument was designed with the slit function being determined by the first half, and

the stray light being rejected by the second half. Independent motors speed the

alignment and assembly. The instnmlent halves are kinematically connecte~ with aalignment and assembly. The mstnJDlent halves are k1nematically connecte~ WIth a

5-slit mask and motor for Brewer-type ozone measurement. Most of the regular

Brewer software is compan"ble with the double monochromator. The slit function is

.ed by the mid-line slits.determin

V\'hen it comes to alignment and operation, the two halves are independently

aligned with visible light. The system is then assembled and the alignment is fine-

tuned. A white light source is used to co-align the gratings of the two halves. The

relationship between the two gratings is used to make a wavelength scan for

ealibration. All commands which adjust the grating use this relationship between

the two halves.

The double monochromator can be used for accW'ate UV monitoring

measuring ozone to very large paths. It can also be used for measuring the

[P .Erikson, rapporteur]

and
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perfonnance of the Brewer, and as a reference

6.2 Performance of the double monochromator

6.3 Brewer spectral irradiance

Arne Dahlback talked about spectral iITadiance measurements made with the
Brewer. The most accurate measurements of total ozone with the Brewer are
obtained using direct sun measurements if the sky is clear and the solar zenith angle

(SZA) is not too large. In cloudy weather one has to rely on zenith sky
measurements. Measurements at Oslo (60°N) indicated that zenith sky

. .

measurements are sensitive to cloud cover for large solar zenith angles. A radiative
transfer model was used to show that zenith sky measurements are sensitive to
cloud cover. A cloud layer with optical depth 50 between 2 and 4 km lead to an
overestimation of 10 DU at 700 SZA if zenith sky measurements are used. This
overestimation increased to 2S DU at 80° ZSA.
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Figure 6.3.1 Ozone calculated from irradiance spectra (320 nm / 306 nm) measured on days 307
and 308 by two Brewers (UTH and FMI) and one Optronics 5pectrophotomter (55!) are
compared to the the10taJ ozone determined by Brewer #017 using the standard algoritlun.
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Stamnes et al., 1991, showed that global inoadiances proyide a reliable means

of inferring total ozone for clear as well as for cloudy skies. Total ozone is

detennined bv comparing measured irradiance ratios at two wavelengths in the-

ultraviolet part of the spectnJDl with a synthetic chart of this ratio computed with

various ozone amounts and various SZAs. Computer simulations were used to

show that the 320 nm / 306 nm iITadiance ratio is nearly insensitive to cloud cover.

A cloud layer with optical depth 50 between 2 and 4 kIn lead to an error in ozone
detennination of less than 2 DU for SZA < 90°.

In addition to cloud cover, zenith sky measurements are also sensitive to the
ozone profile for SZA > 60-70° (the Umkehr effect). The in-adiance ratio 320 nm /

306 nm is also sensitive to the ozone profile for large SZA, although less sens,itive

than zenith sky measurements. However, if the 320 DID / 316 nm ratio is used

instead, the sensitivity to ozone profile is smaller than using 320 nm / 306 DIn. The

cloud effect on this ratio is larger than the 320 nm / 306 nm ratio, approximately 20
DU for the same cloud layer as mentioned above for 75P < SZA < 85°. However,

this cloud layer represents a relatively thick cloud layer and the cloud effect should

normaUy be smaller.

The inadiance ratio technique was used on Brewer inadiance measurements
carried out at Izaiia, Tenerife, during the Nordic Ozone Group Intercomparison
OctoberlNovember 1993. The ozone detennined from irradiance ratios were in very
good agreement with ozone detennined with standard direct sun measurements.

6.4 On possible improvements to the Brewer software

N.F. Elansky reported on the

the Brewer instnnnent for measuring NO2 and

The optical model of the twilight atmosphere and a numerical model ofNO2
,

results of investigationsinto ways to improve

the aerosol vertical profile.
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measurement by scanning and by using the Brewer instrument were created. The
influence of the main factors (Shift, Stretch, Ring effect coITectio~ etc.) on the
accuracy ofNO2 measurements were also studied. The difference between the two
types of instruments were shown. The use of the scanning spectrophotometer
makes it possible to compensate numerically for the action of these factors and to
obtain NO2 data with smaIl elTors. The use of the Brewer instrument demands that

the specific effect of each factor for each instrument be known. The knowledge of
all these effects can be used as the basis for working out special programs to
minimize the eITors. It was clear that up-to-date accuracy ofNO2 measurements can

be "improved.

A study Qf the polarimetric method for the aerosol vertical profile retrieval

showed that, when realized on the Brewer instrumen~ it can give satisfactory

infonnation about the atmospheric aerosol distribution. The investigation of the

features of microphysics of aerosol and other parameters influencing the retrieved

profile were made. The program of aerosol observation by Brewer l'vfKIV

instrument was worked up as well and an example of such a retrieval made with the

use of Brewer #007 was presented.

6.5 The Composition and Photodissociative Flux Measurement experiment
on ASHOE/MAESA

T. McElroy reported on a new diode anay spectrophotometer developed to
make ozone and atmospheric radiation measurements from on board the NASA
ER-2 high-altitude research aircraft.

;~-
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7. Data Mana2ement

7.1 The Brewer data management system

E. Hare explained the structure of the Brewer Data Management System
(BDMS). Different entries are introduced into the database in order to be capable
of handling different instruments at the same location as well as data from single
instruments which are moving around. The pw-pose is to store the raw data files (so
called b-files), the files with the calIbration data and the UVB data. If ozone data
are requested, they are recalculated using the most recent calibration data. For
security the data are archived on two different media( digital tape and optical disks).
All of the data received amounts to about I GB for one calendar year.

the data are archivedsecunty
All of the data received amounts

The data also has to be entered into the WODC, which also contains other
ozone data (Dobson, Lidar, ozonesondes). The method of data transmission from
the station to the data centre is mostly by forms (with a smaller portion by disk, and
a still smaller fraction by email). It was proposed to make a yearly CD-ROM to
facilitate the distn'bution to the users. Access is also available through ftp.

In order to avoid communication problems it was suggested that regional data

centers be installed around the world, which can be used to consult the database.

(There may be however a conflic.t with the requirements of WMO, who request the

data should be transmitted directly to one data centre). The structure of the

WO3DC database is comparable to- the BDMS, but contains only ozone values(no

raw data). The delay due to the changeover is cUJTently becoming smaller.

7.2 Automatic data reporting in the Canadian Brewer ozone network

J. Kerr and C.T. McElroy presented on an automated ozone and UV-B
reporting system. Since in Canada UVB index forecast are discriminate~ nearly
real time access to the Brewer data is requested. Therefor, the 11 Canadian

[H. De Backer, rapporteur]

Management System
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Brewers are connected with modems to the national data collection network. Every
hour the Brewer data are transferred by telephone lines. This allows for UV-Index
forecasting based on the relation between weather patterns and total ozone. The

prediction of ozone maps has a capability of :t 10 DU. The system can be extended
transfer all the Brewer data (including calibration, UVB, ...) and even in the other
direction it is possible to download new versions of software and schedules to the

in the field) from a remote place.Brewer (working

8. Umkehr Measurements

8.1 Umkehr observations with data collected by the York I ISTS I AES

Lidar in Toronto

J.Hahn and C. T. McElroy presented results on the comparison ofLidar ozone
profile measurements with Umkehr profiles obtained with the Brewer instrument. It

appears that both techniques agree quite well, except during periods with high
aerosolloadiP,g. After aerosol correction of both (Lidar and Umkehr) the
correspondence is much better (within 10% which is within the expected error bars).
Therefore the aerosol correction can be trusted if the aerosol loading is not too high.
It should be kept in mind, however that the Umkehr measurements may be biased by
the climatology used in the first guess. The use of measured ground ozone data can
improve the quality ofUmkehr profiles but it was the speaker's feeling that the

aerosol loading is a more important error source.

8.2 A survey of total ozone measurements in China

L. Chao showed some results from the ozone measurements from four

Brewer and two Dobson stations in C~ which have been in operation since 1979.

Comparison with satellite data showed good agreement (5%) although some

systematic deviations are discernible.

[H. De Backer, rapporteur]
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9. Other Trace Gasses

9.1 Correlations between 802 and N02 surface level
502 and N02 determinations

F. Cappellani presented the results of his investigation (in conjunction with A.

Bielli) into whether averages performed over some tens of days (typically 30 days)

could be sign:.ficant for giving a correct trend for the tropospheric SOz and NOz

pollution using the data measured by standard analytical techniques by a colocal

E1IIEP station as a reference of reliability .

Single values or daily-averaged SOl and NOl data measured by the Brewer
spectrophotometer are by far less accurate than ozone data, especially in the case of
SOl' where the standard deviation of each determination (coming from a set of five
measurements) or of the daily mean value can be as high as 100%. The large
inaccuracy inh1oits the use of daily data for providing a daily mapping of SOl and

NO2Pollution.

The Brewer zero level for the 502 measurements had to :first be corrected for.

The results of a linearity test for 502 with an absoIption cell for concentrations up to

1600 ppm confinned good linearity. The comparison between the corrected

columnar 502 amounts (m-atm-cm) from the Brewer with the swface level 502

concentrations (llg!m3) smoothed with a thirty-day filter showed a good degree of

correlation with E:MEP data. The comparison between the tropospheric morning

[H. De Backer, rapporteur]

andBmeasurements rewer
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NO2 columns as
measured by the
Brewer with the
ground NO2 data taken
at the same hours at
the ElvIEP station (all
the data smoothed with

a thirty days filter)
showed a qualitative

agreement.

Thus the measurements Erewer - ~
and the comparisons ..

with the EIvlEP data . .
Figure 9.1.1 Measurements of surface SO2 compared WIth Brewer

above reported indicate column SO2 measurements made at ISPRA.

that the Brewer spectrophotometer can provide reliable tropospheric trends of

pollutants like N02 and 802 on a mean monthly basis.

Total ozone and NO2 measurements using a SAOZ spectrometer and
validation by comparison to other instruments: Brewer, Dobson, TO]

9~2

and other UV -visible

F. Goutail and J.P. Pommereau explained the principle of the SAOZ
instrument. This instrument works in the visible spectrum (3 DIn resolution) and has

some advantages compared to the Brewer and Dobson spectrophotometers. No

calibration lalDps are needed since the wavelength is calibrated by comparing the

results with the known solar speCtmrn7 which has only a small influence from

pollutants and is only sensitive to stratospheric ozone. The instrument reveals

weaknesses when dealing with high aerosol load or with dense Polar Stratospheric

Clouds (PSCs).

802 at Ispra

5
E
-=
E

CO)

~~

Brewer, Dobson, TOMS

spectrometers
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Comparisons with the Dobson and Brewer shows good agreement at low

latitudes, but a seasonal cycle with differences of about 5% at high latitudes. This

may be due, jn part, to the temperature dependence of the ozone absorption
coefficients in the UV -B, or due to error in the calculations. At high latitude, the

becomes 10-15%.

a

:I:
Q

Q
d

Figure 9.2.1 Two years of data collected by the SAOZ spectrometer at OHP are compared to
Dobson and TOMS data. An annual modulation of the differences is a result of the annual
temperatUre variation of the stratosphere. ~so observable is the influence of variations in

tropospheric ozone to which SAOZ is not sensistive.

Comparison with TOMS data revealed large differences (up to 30%). This is

attributed to errors induced in the TOMS dat~ at high latitude, by an error in the
climatology ('f the ozone profiles used for the retrieval of the satellite data. This

will be taken into account in the next version of the TOMS data set.I

'JUUANDAY 1992
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10. UV-H Measurement LtS.tSamar~ rapponeurJ

10.1 Upward trend detected in solar UV-B series

R. Basher reported on the results ofUV-B monitoring in New Zealand.

10.2 Trends in ozone and UV-B as measured in Toronto

.Jim Kerr talked about the measurement ofUV-B in Canada. He presented a

briefhistory ofUV-B research and spoke about various topics including its initial

investigations in 1989, the development of the Canadian UV Index, the effects of

aerosols on UV transmission, and concluded by showing the definite link between

ozone depletion and increased levels ofUV-B.

He compared actual spectra taken by the Brewer instrument to model solar
spectra derived by John Frederick. Noting specific differences at the shorter
wavelengths, he explained that these were caused by stray light within the Brewer

monochrometer.

His talk then switched to the history and development of the UV Index. He
discussed how the Brewer spectra can be convolved with the Diffey erythymal
response curve, resulting in the amount of UV radiation necessary to produce a
reddening of the skin. He further explained how UV flux could be predicted by
looking at the relationship ofUV-B and ozone at various zenith angles. From this
relationship and the previous day's ozone value, a UV mdex value for a solar noon,
clear sky day can be derived.

After detennining values for 10 for Brewers #014 and #015 he made optical
depth measurements in Toronto for the period 1989-1994. Optical depth values
averaged near one for most of the first year with many peaks going beyond, almost
reaching 2. Values in 1993 clearly showed the effects of the eruption ofMt.

[B .Barnard, rapporteur]

~~
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Penitubo on the stratosphere,

He ended his talk by refen'ing to an award-winning paper [1995 Norbert
Gerbier-Mumm Award] authored by himself and Tom McElroy and published in
Science [1993]. Using UV-B and ozone data collected from 1989-1993, he
illustrated conclusively the direct colTelation between ozone depletion and the
resultant increase in UV -B radiation.

10.3 Results ofUV-B measurements

A1kis Bais spoke briefly about some specialized UV -B data collected

between 1990 and 1994 at a zenith angle of 63 x} degree. A study of cloud cover

coincident with UV -B readings taken at this zenith angle showed that cloudiness

greater than 3 parts out of eight would greatly decrease the UV -B levels at the

surface. The UV -B data, collected simultaneously with column ozone at

Thessaloniki, was also used to show increases in UV -B attn"butable to ozone

decreases. ~ere was" a 12.6% per year increased intensity at 305 nanometer for the

study, but only a 2.8% increase per year at 325 nanometer, a wavelength not much

affected by ozone absorption.

10.4 UV-B Measurements with the Brewer at Hohenpeissenberg

W. Vandersee addressed the results ofUV-B measurements at
Hohenpeissenburg from 1991-19937 comparisons between specific types of
calibration lamps, and a comparison between a Bentham double monochromator and
the Brewer. He also presented data comparing Brewer spectral scans to the STAR .

model from the University of Munich.

By comparing Brewer DUV scans for clear days in April 1991 with similar

days in 1993 he showed not only an increase of 30% in DUV fOT this time frame,

but a definite linear correlation betwee~ UV-B levels and total colmnn ozone.

almost .half of the direct S\D1'S intensity.
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10.5 Evidence of diurnal variations of total ozone correlated with solar

activity

S. Perov used various techniques, including ozone sondes, rocket sondes,

ground-based ozone instruments and Brewer #044, in an attempt to show the wave-

like structure of the varying ozone concentrations at certain locations within Russia,
as well as a brief attempt with the T7~na data. Using a Brewer, he made a series of

3-hour full-moon ozone observations before and after the daylight hoW"s of3/20/90.

Data from this time perio~ one day and two nights, was used to show that ozone

varied in a wave-like manner. He produced graphs showing the solar actiVity that

had a periodicity that he also attempted to correlate with variations in the total

column ozone concentrations.

He further corroborated his findings by showing graphs of wind velocities,

atmospheric temperature variations, and other meteorological parameters that

showed a wave-like nature

10.6 Comparison oCBrewer UV-B measurements with data from the
Robertson-Berger Meter at Belsk

M. Degorska presented graphs with over 700 daily values ofRB meter and
Brewer UV-B readings from July 1992-May 1994. These data had a correlation
coefficient of .98 for the entire period. When only clear sky values from each
instrument were selected the correlation for the linear fit of the data increased to
0.99.

.
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Figure 10.6.1 A comparison of the readings from a Robertson-Berger meter with UV-B data
calculated using Brewer UV scans. The measurements were made in Belsk, Poland. .

Ozone comparisons between a Brewer and Dobson instruments showed only

fractional deviations between the two.

10.7 UV-B monitoring satellite validation program (GOME)

10.8 The United States EPA UV-B Program

W. Barnard presented the U.S. Environmental Protection Agency's (EPA)

program to develop and operate a monitoring network to measure ultraviolet (UV)

radiation flux at the earth's surface and to provide for public awareness of exposure
to UV radiation through adaptation anq publication of a predictive UV " exposure
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Index." This "Index", similar to the one developed and publicized by Canada in
19927 is being developed in conjunction with the National Weather Service for
possible publ:c distribution in the current year. Plans call for a IS-site monitoring
network to measure UV intensities on a spectrally-resolved basis, together with
other parameters (e.g., total column ozone, cloud cover7 interfering tropospheric
pollutants, etc.) that affect UV flux. Eleven urban sites will provide data to validate
the "Index" predictions in proximity to -25% of the U.S. population. The
combination of urban (polluted) and four rural (less polluted) sites would enable
EP A to improve the algorithms upon which the "index" predictions are based. A
series ofin stnlDlental intercomparisons with other agencies were also planned to
ensure comparability of data and good quality assurance/quality control. EPA's
intent was to coordinate its efforts with other Federal Agencies and with the
international community.

Ozone data from the Research

dating back to its original date of operation to May of 1994 was presented as well.

A comparison of a National Weather Service predictive UV Index values and the

UV Index values obtained from the Brewer at solar noon were also presented for

1.992 and 1993.

10.9 Stratospheric monitoring of NO2 and ozone

.

Triangle Park, North Carolina Brewer site
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.
11;. Recommendations from the Attendees of the Meeting

As part of the concluding discussions of the Brewer Users' Workshop, a
number of recommendations concerning ozone measurements and the operation of
Brewer Spectrophotometers in the Global Ozone Observing System were agreed

upon by the working group members.

1. It is recommended that steps be taken to achieve the goal stated in the last
working group meeting of having calIbration visits or intercomparisons for all

Brewer instruments at least every two y~ars.

It is recommended that a working group be convened under the auspices of

the International Ozone Commission to create a draft handbook of

information concerning the operational~ maintenance and data reporting

procedures to be presented at the next Brewer Users' Working group meeting.

2.

Brewer Spectrophotometer calibration and maintenance records should be

documented at Brewer stations and regularly submitted to the WODC. The

WODC will define information exchange standards and co-ordinate this

activity .

3.

4. All Brewer Spectrophotometer operators should be strongly encouraged to
collect and submit dat~ including Urnkehr observations, within 60 days of
their acquisition. The WODC should be encouraged to follow up on the

submission records of the stations.

Brewer Spectrophotometer operators should take the necessary steps to

upgrade their instIilments to collect ultraviolet spectral (UV-B) data and

provide proper cahoration for the UV observation mode.

5.

6. It is recommended that all Brewer station operators reprocess their data and
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makeit available on an annual basis.

It is desirable that all stations monitor surface/tropospheric ozone
concentrations to improve the Umkehr analysis and the estimate of the

stratospheric column ozone.

It is recommended that another Brewer Workshop be held at the time of the

1996 Quadrennial Ozone Symposium.

7.

8.

.

~
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-

.
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)0'

'"

monochromator

Spectrophotometer

to the Brewersoftware

~
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Session 7 Umkebr .Measurements
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-
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Preparation of meeting

'$:,
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--

.
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