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International Comparison of Dobson Spectrophotometers (DIC)
Irene Technical Centre, Pretoria, Gauteng Province,
South Africa, 7.10. — 18.10.2019
Final Report , June 2020

U. Kohler, G. J. R. Coetzee, G. McConville

Background

The World Meteorological Organization (WMO) Secretariat’s (Global Atmosphere Watch GAW
programme) and the South African Weather Service (SAWS) with close cooperation and assistance of
the National German Meteorological Service (DWD) Regional Dobson Calibration Centre (RDCC-E) at
the Meteorological Observatory Hohenpeissenberg (MOHp) and the USA National Oceanic and
Atmospheric Administration’s Earth Systems Research Laboratory’s Global Monitoring Division
(NOAA/ESRL/GMD, World Dobson Calibration Centre WDCC) organized the DIC IRENE2019.
IRENE2019 was a campaign to maintain the network of the Dobson ozone spectrophotometers operated
in the southern African region, and to serve as an assurance of the quality of the total ozone data sets
created at the regional stations. This action is a fulfillment of WMO/GAW/QC requirements for monitoring
of atmospheric total ozone. The Dobson spectrophotometers of countries from the northern African
region were already calibrated in advance during the WMO European DIC at INTA, El Arenosillo in
September 2017 and an internal Egyptian campaign at Hurghada in September 2019 (Egyp2019).

The South African Weather Service, under the auspices of the World Meteorological Organisation
(WMO) hosted the 4t African Regional Dobson Spectrophotometer Intercomparison DIC IRENE2019
meeting from October 7 to 18, 2019, under the supervision of Mr. Gerrie Coetzee. Mr. Ulf Kéhler took
the position of technical director for the scientific soundness of the work undertaken.

Funding for this international event was provided from the UNEP Vienna Convention Trust Fund (VCTF)
in support for WMO to assist countries in their efforts for monitoring and the protection of the Ozone
Layer.

The participation of the German team ( Mr U Kohler and Mr. M Heinen) was completely funded by the
DWD. NOAA funded Mr. G. McConville’s participation except for travel that came from the VCTF. South
Africa funded their own participations of three Dobson’s and participating resource staff..

PARTICIPATION AND PROCCEEDINGS

The technical and scientific aspects of the IRENE2019 event were supervised by Mr. Ulf Kéhler from
the RDCC-E and by Mr. Glen McConville from the WDCC, who supplied the reference standards D064
(Europe) and D065 (Travelling World Standard) and much appreciated technical equipment.

Eleven specialists from six countries participated at the DIC and are listed Appendix A. The Primary
World Standard Dobson (D065) from NOAA and the Regional Standard Dobson (D064) were used as
the references for the instruments noted below. Additionally Dr.. Siddharta Singh from the India
Meteorological Department also participated with the Indian instrument D112. The planned calibration
of the Shimadzu 5703 from Nigeria could not be performed, as the instrument arrived too late due to
transportation/customs problems and also the participant could not obtain his visa in time The
participation of the instrument from the Seychelles (D057) was already cancelled in preparation of the
campaign. Difficulties were also experienced as the two Botswana participants could only join the
event on the last three days of activities. The following national Dobson spectrophotometers were
inspected, adjusted, and compared at the IRENE2019:
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Dobson No. Country Station Purpose

15 Botswana Maun regular calibration

18 Kenya Nairobi regular calibration

35 South Africa Stellenbosch regular calibration

64 Germany Hohenpeissenberg standard & calibration check with
D065

65 USA Boulder standard

89 South Africa Irene regular calibration

112 India New Delhi calibration to resume operation
132 South Africa Springbok regular calibration

The main tasks of IRENE2019 were:
1) To evaluate each instrument calibration and the existing total ozone data sets.
2) Repair, clean and improve the instrument as needed.
3) Redefine a new calibration levels (where applicable) for the future measurements at the home
station before returning the instruments in good operating order.

Besides the stated goals of Dobson intercomparison campaigns, such an event also provides a
forum for sharing of information between observing programs, and serves as a venue for training.
These goals were successfully attained during this campaign. The experts from the calibration centres
had enough time and good opportunities to train the less experienced participants. Educational video
clips, how to do measurements and tests, are recommended for training purposes and can be
watched under:

http://www.o03soft.eu/dobsonweb/instrument.html

As each instrument arrived, it and its accessories were inspected. At this stage no repairs, except those
needed to make the instrument operate were made. The instrument was then operated in the condition
as it would have been at the home station. Once a successful initial Intercomparison (IC) is made, those
results then dictate whether significant optical, mechanical, or electronic repairs were needed. If needed,
a final Intercomparison (FC) is performed to define a new calibration.

Other tasks included cleaning and/or repair/replacement of optical, electronic and mechanical parts
followed by discharge lamp tests to create new Q-tables and an optical wedge calibration to define new
R-G-tables, if needed. A series of lamp calibrations were also done on a daily basis.

The Regional Standard for Europe, D064 (DWD, Hohenpeissenberg, Germany), was compared with the
World Standard D065 (NOAA, Boulder, USA) in order to check and confirm its calibration level. This
event should be done every two to three years to guarantee the correct transfer of the calibration level
of the World Standards D065 and D083 into the WMO RA VI Europe Dobson network.

FINAL RESULTS AND RECOMMENDATIONS

Technical Reports

The official technical report consisting of the detailed worked performed and assessment of each
individual instrument is presented in Appendix B. All the participating instruments listed above are now
well calibrated and in good operational condition. The revised IC Objectives were met satisfactorily
under challenging circumstances. The calibration level of the regional Standard D064 was successfully
confirmed.

General Recommendations:

The Dobson/Shimadzu instruments and staff from Seychelles and Nigeria were not able to participate.
These programs should be assisted to be able to take part in other scheduled IC events, if the
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responsible institutes evince high interest in continuation of their ozone monitoring programme using
Dobson/Shimadzu instruments. Contact has been established with the responsible persons on the
Seychelles, how their programme can be resumed (with a repaired/refurbished Dobson or with a new
instrument) with the support of UNEP and or WMO. It is also recommended that the Dobson and
participant of Nigeria attend an other furture IC campaign if this can be accommodated.

One important finding of the campaign was the fact, that the regular WMO recommendation for
calibration intervals of not longer than five to six years is absolutely justified. As the last regular DIC took
place ten years ago in 2009, some of the instruments show significantly larger deviations than +1% from
the standard Dobsons. Furthermore it is helpful to use such campaigns for training purposes of the
stations’ Dobson staff, to improve the performance of the instruments and to avoid uncertain or even
poor data quality because of not correct procedures of measurements and regular tests. The above
mentioned video clips will surely support this goal.

The able assistance of Mr Glen McConville, Mr. UIf Kéhler and Mr. Michael Heinen in both the technical
achievements of the intercomparison and the scientific assessment in this report is acknowledged, with
appreciation.

Group photo of the participants of the IRENE2019 DIC in South Africa
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SAWS/WMO/GAW — IRENE2019
International Comparison of Dobson Spectrophotometers (DIC)
Irene Technical Centre, Pretoria, Gauteng Province,
South Africa, 7.10. — 18.10.2019
Final Report

Appendix A
List of Participants

Botswana:
Mr. Karabo Molefe
Botswana Meteorological Services,
P. O. Box 458 Maun, Meteorological Office Maun, Maun airport
Botswana
Phone +267 6860429 or 6800595
Email: krmolefe@gov.bw

Mrs. Goitsemang Salethake
Botswana Meteorological Services
Plot 54216, Corner Maaloso/ Metsimotlhaba Rd, Gaborone Village, P.O. Box 10100,
Gaborone
Tel.: +267 3612200, Fax: +267 3956282
Email: gsalethake@gov.bw

Germany:

Mr. Ulf Koehler
Phone: 0049 69 8062 9771
Email: Ulf.Koehler@dwd.de
Deutscher Wetterdienst
Meteorological Observatory Hohenpeillenberg
Albin-Schwaiger- Weg, 10
82383 Hohenpeillenberg
Germany

Mr. Michael Heinen
Email: Michael.Heinen@dwd.de
Deutscher Wetterdienst
Meteorological Observatory Hohenpeillenberg
Albin-Schwaiger- Weg, 10
82383 Hohenpeillenberg
Germany

India:

Dr. Siddhartha Singh
Phone: 0091 11 4
Email: siddhartha.singh74@imd.gov.in
India Meteorological Department
Ozone & Air Quality Unit
Environment Monitoring & Research Centre
New Delhi — 110003
India

Kenya:
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Mrs. Annet Nyaga
Email: nyagaannet@gmail.com
Kenya Meteorological Department
P. O. Box 30259, 00100 GPO Nairobi.
Kenya

South Africa:
Mr. Gerrie J R Coetzee
Tel: +27 12 367 6048
Fax: +27 12 367 6189
Email: gerrie.coetzee@weathersa.co.za
South African Weather Service
Eco Glades block 1b, Eco Park
Cnr Olievenhoutbosch and Ribbon Grass Streets
Centurion, 0157, Pretoria 001
South Africa

Mr. Daniel van der Spuy
Email: Danie.vanderSpuy@weathersa.co.za
South African Weather Service, C/O CCSIR, 11 Cilliers road,
Stellenbosch
South Africa

Mr. Gerald Gerhardus Meyer
Email: Gerald.Meyer@weathersa.co.za
South African Weather Service
Springbok, 8240
South Africa
Cell: 0636954879
Tel: 02771 22961

Ms. Tshidi Machinini
Email Tshidi.Machinini@weathersa.co.za
South African Weather Service
Eco Glades block 1b, Eco Park
Cnr Olievenhoutbosch and Ribbon Grass Streets
Centurion, 0157, Pretoria 001
South Africa

USA:
Mr. Glen McConville
Telephone: 1 303 497 3989
Email: glen.mcconville@noaa.gov
U.S. Department of Commerce
National Oceanic and Atmospheric Administration
Earth System Research Laboratory, Global Monitoring Division
Mail Code R/IGMD-1
325 Broadway
Boulder, Colorado 80305 USA
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Appendix B
Individual Instrument Reports
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Intercomparison Results

Iren2019 from October 7 to 18, 2019 at Irene

Instrument D015
Botswana (Maun)

METEOROLOGICAL SERVICBb

Initial calibration (15.10.2019):

Date:
G-Tahles 5.3.94
N-Tahles 16,109

Comment:

after wedge-cal on March. 8, 1994, location?

after FC on November 26, 2009 at Irene2009

Corrections to N-Tables A C D AD CD
from SL-Test -0.60 -0.90 -0.70 0.10 -0.20
from Comparison 1.40 -0.07 -0.24 l.64 0.17
Sum 0.80 -0.97 -0.94 1.74 -0.03
Comments: Initial = final calibration as only one intercomparison was possible
poor agreement in AD, data noisy, no reprocessing as not op erational
Final Calibration (15.10.2019):
Date: Comment:
G-Tahles 8.3.94 after wedge-cal. on March. 8, 1994, location?
N-Table (new) 18.10.19 after FC on October 18, 2019 at Irene2019
Corrections to: A C D AD CD
old N-Tahle 0.80 -0.97 -0.94 1.74 -0.03
Comments: Initial = final calibration as only one intercomparison was possible
new R-N-table created, should be used for furure observations
Reference Standard Lamp Data: Date: 18.10.19
for new R-N-table
Lamp No. A D
R N R N R N
1501 20.30 10.68 20.50 15.79 20.10 17.61
1502 20.60 10.98 20,30 15.59 20.30 17.82
Q-Table: Check new Q-table from discharge lamyp test October 17 after return

by doing an HG-test and correct if necessary according the proced ure

described in Komhyr'sold or Bob's new Dob son manual
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Original Calibration Data:

N-tables from November 26, 2009 based on DSGQP-comparison with D083 on November 26, 2009 at
Irene2009, G-tables from March 8, 1994, location unknown.

Reference Standard Lamp Values for lamps 15Q1 and 15Q2

(Lamp tests results used in data processing at home station)?.

Introductory Remarks: Instrument not operational in the past years. Arrival very late, thus only one
intercomparison possible and no additional work could be done

Initial Calibration Results (Adjustments based on the results with Standard Lamp tests included).
October 19, 2019:

d_Na:-1.40 d_Nc:-0.07 d_Nd:-0.24 d_Nad:1.64 d_Ncd:0.17

The d_Nad value implies an average -2.3% error in calculated ozone value, Mu=1.15 to 2.5, Total
Ozone = 300 Dobson Units. Data noisy; no reprocessing necessary, as instrument not operational.

Optical, mechanical and electronical work performed:

e Electric/Electronics: new US-type (original).

e Optical check: Q-plates, Ls and Ps dusty, Ms with scratches (M1) and cloudy (M2), wedge and
cobalt filter O.K., prism sundirector dusty and head reversed and loose.
Symmetry test: .Not done

Measurement of slit widths and parallelism with microscope: Not done.
Shutter motor: Toothbelt drive, 815 rpm.

PMT vertical position test: Not done, Focus L1: Not done.

Optics: Optics cleaned and loose sun director head fixed.

Discharge lamp: Performed on October 17, 2019, new Q-table created.
Wedge calibration: Not done.

Final intercomparison: October 18, 2019.

IC and FC on the same day, new R-N-tables created; highest difference against the standard
ADDSGQP observations of D064 in mu range 1.15 to 3.2 was 0.9 % in total ozone, moderate
mue-dependency. CD-observations with large mue-dependence, but not used.

Recommendations/Comments:

e The results of the initial/final calibration are not good, but no re-calculation necessary as
instrument not operational. Final data can be used for:

e New calibration status with new R-N-tables defined based on old R-G/N-tables incl. determination
of SL-reference values from corresponding tests (s. table with results).

e Correction of the used-Q-tables at Irene derived from results of the Hg-Test immediately
after return to station according the Dobson instructions.

¢ Regular test (monthly SL and HG, at least annual Symmetry Test) and cleaning of
GQP/Sundirector.

o New absorption coefficients will officially be introduced in the near future: reprocessing of
all data necessary. Information will be given. Question of the future use of effective
absorption coefficients (derived from optical characterization) not finally clarified.

Hohenpeissenberg, 19.12.2019
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Difference N_A-C-D to Reference Instrument D064
Initial/Final Calibration on October 18, 2019

N(D064)-N( D015) vs. Mue for D064 & D015Irene, 18. October 2019
Initial/Final Calibration original data
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Intercomparison Results

Iren2019 from October 7 to 18, 2019 at Irene

Instrument DO1S
Kenya (Nairobi)

METEOROLOGICAL SERVICBb

Initial calibration (12.10.2019):

Date:
G-Tahles 11.4.05
N-Tahles 14.4.05

Comment:

after wedge-cal.on April 11, 2005 at M OHp 2005

after FC on April 14, 2005 with new R-G at

Corrections to N-Tables A C D AD CD
from SL-Test 0.70 0.90 110 -0.40 -0.20
from Comparison -0.30 -0.30 -1.10 0.80 0.80
Sum 0.40 0.60 0. 00 0.40 0.60
Comments: Good agreement in AD, larger differences in CD and single D
No data reprocessing necessary, a5 CD not used

Final Calibration (15.10.2019):

Date: Comment:
G-Tahles 11.4.05 after wedge-cal. on April 11, 2005 at M OHp 2005

N-Table (new) 18.10.19

after FC on Owct, 18, 2019 with old BE-N atIrenel019

Corrections to: A C D AD CD
old N-Table 0.70 0.90 0.30 0.40 0.60
Comments: Good agreement in AD and CD

New RN-tables created for future data processing
Reference Standard Lamp Data: Date: 18.10.19
for new R-N-tahle
Lamp No. A D

R N R N R N

18V 61.20 13.50 6250 17.45 62.90 19.00
18W a0.70 1300 6220 17.10 62.70 18.80
Q-Table: Checkoriginal Q-table in use at station

by doing an HG-test and correct if necessary according the proced ure

described in Komhyr'sold or Bob's new Dob son manual
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Original Calibration Data:

N-tables from 14.April 2005 based on DSGQP-comparison with D064 on April 14, 2005, MOHp, G-
tables from 11.April, 2005.

Reference Standard Lamp Values for lamps 18V and 18W

Lamp tests results used in data processing at home station.

Introductory Remarks: The sometimes large deviations in the SL-tests were found not to be realistic.
In these cases the SL-tests were probably made without ground quartz plate (GQP). Corresponding
tests with and without GQP at Irene confirmed this assumption. Thus check the “old” data: if
corrections have been applied based on the wrong Sl-tests without GQP, these data have to be
reprocessed.

Initial Calibration Results (Adjustments based on the results with Standard Lamp tests included.)
October 12, 2019:

d_Na:-0.32 d_Nc:-0.34 d_Nd:-1.02 d_Nad:.69 d_Ncd: 0.68

The d_Nad value implies an average +1.00% error in calculated ozone value, Mu=1.15 to 2.5, Total
Ozone = 300 Dobson Units. Good agreement in AD, larger differences in CD and single D; no data
reprocessing necessary, as CD not used.

Optical, mechanical and electronical work performed:

o Electric/Electronics: New US type MOHp-modified.

e Optical check: Sun director, Q-plates, Lenses and Prismes slightly dusty, Mirrors, wedge plates
and cobalt filter O.K.

Symmetry test: Results acceptable.

Measurement of slit widths and parallelism with microscope: Not done.
Shutter motor: Belt drive, 865 rpm.

PMT vertical position test: Not done, Focus L1: Not done.

Optics: Dusty optics cleaned.

Discharge lamp: Not done.

Wedge calibration: Not done.

Final intercomparison: October 17 and 18, 2019.

Data of two final calibration processed, data of October 17 too noisy, therefore only October 18 used
FC. New R-N-tables created and should be used for future data processing; highest difference
against the standard ADDSGQP observations of D064 in mu range 1.15 to 3.2 was -0.65 % in
total ozone, small mue-dependency.

Recommendations/Comments:

o The results of the initial calibration are good, therefore no re-calculation necessary (only if wrong
SL-corrections were applied), especially as only AD used for data evaluation.

¢ New calibration status with new R-N-tables defined based on old R-N-tables incl. determination of
SL-reference values from corresponding tests (s. table with results).

e Correction of the used-Q-tables at Irene derived from results of the Hg-Test immediately
after return to station according the Dobson instructions.

e Regular test (monthly SL and HG, at least annual Symmetry Test) and cleaning of
GQP/Sundirector.

¢ New absorption coefficients will officially be introduced in the near future: reprocessing of
all data necessary. Information will be given. Question of the future use of effective
absorption coefficients (derived from optical characterization) not finally clarified.

Hohenpeissenberg, 20.12.2019
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Intercomparison Results

Iren2019 from October 7 to 18, 2019 at Irene

Instrument D035

South Africa (Stellenbosch)

METEOROLOGICAL SERVICB‘

Initial calibration (09.10.2019):

Date:
G-Tables 15.7.04
N-Tahles 17.10.09

Comment:

after wedge-cal on July. 15, 2004, at M OHp 2004

after FC on Owet, 27, 2009, at Irene2009

Corrections to N-Tables A C D AD CD
from SL-Test 0.20 0.50 0.40 -0.20 0.10
from Comparison 0.44 0.66 L15 -0.71 -0.49
Sum 0.64 1.16 155 -0.91 -0.39
Comments: 1. IC on October 9, 2019, with old RN-tables: acceptable agreement in AD

Just within 1%e-limit, no data reprocessing recomm end ed

2. IC on October 12, 2019, not used asdata too noisy

Final Calibration (15.10.2019):

Date:
G-Tables 15.7.04
N-Table (new) 18.10.19

Comment:

after wedge-cal. on Jubv. 15 2004, ar M OHp 2004

after FC om Owct, 18, 2019, at Irene2019

Corrections to: A C D AD CD
old N-Tahle 3.10 3.50 4.10 -1.00 -0.60
Comments: 2FC on Octoberl8 with good result in AT at not too high sun,

Data should not he used at Mue-values < 1.4

New RN-tables created for future data processing
Reference Standard Lamp Data: Date: 18.10.19
for new R-N-table
Lamp No. A C D

R N R N R N

3502 33.07 0.08 36.30 14.06 39.43 15,78
3503 33.60 9.59 36,43 14,18 30,72 16.07
Q-Table Check new Q-table created after discharge lamp test on 18.10. at starion

by doing an HG-test and correct if necessary according the proced ure

described in Komhyr'sold or Bob's new Dob son manual

Page 14



E) =3 eaw ) ~ @ X @
2 /- - & 3

\l = g "é
\ = ; s South African Elu}? % “;‘ s METEOROLOGICAL SERVIL‘Iﬁh
" 2 Weather Service o 4 _/
e, hENT OF KMD

(

Instrument D035
South Africa (Stellenbosch)

Original Calibration Data:

N-tables from 27. October 2009, based on DSGQP-comparison with D083 on October 27, 2009 at
Irene, G-tables from 15.July 2004 at MOHp.

Reference Standard Lamp Values for lamps 35Q2 and 35Q3.

Lamp tests results used in data processing at home station.

Introductory Remarks: Instrument operational at Stellenbosch. Second Initial Calibration on October
12 and first Final Calibration on October 17 were not used as data too noisy.

Initial Calibration Results (Adjustments based on the results with Standard Lamp tests included.)
October 09, 2019:

d_Na: 044 d_Nc: 0.66 d_Nd:1.15 d_Nad:-0.71 d_Ncd: -0.49

The d_Nad value implies an average +1.0% error in calculated ozone value, Mu=1.15 to 2.5, Total
Ozone = 300 Dobson Units. Acceptable agreement with moderate mue-dependance in AD, no data
reprocessing recommended.

Optical, mechanical and electronical work performed:

Electric/Electronics: New US type MOHp-modified.

Optical check: Lenses, Q-plates and wedge dusty, all other optics O.K..

Symmetry test: Done on October 8 and 18 with good results.

Measurement of slit widths and parallelism with microscope: Not done.

Shutter motor: Friction drive, speed with 750 rpm a little bit low.

PMT vertical position test: Not done, Focus L1: Not done.

Optics: Lenses, Q-plates and wedge cleaned.

Further work: Function of wedge sled stiff, therefore greased.

Discharge lamp: Done on October 18, new Q-table created, which should be used back at station.
Wedge calibration: Done on October with bad results because of fingerprints after first cleaning,
cleaned again and C-wedge cal repeated, which shows no difference to wedge calibration in 2004.

Final intercomparison: October 17 and 18, 2019.

Data of two final calibration processed, data of October 17 too noisy, therefore only October 18 used
as FC. New R-N-tables created and should be used for future data processing; highest
difference against the standard ADDSGQP observations of D064 in mu range 1.15 to 3.2 was
1.16 % in total ozone at high sun, thus data with mue < 1.4should not be used. Reason for too
high ozone values at high sun (in contrast to 1.IC) not known.

Recommendations/Comments:

e The results of the initial calibration are satisfactory, therefore no re-calculation necessary,
especially as only AD used for data evaluation.

¢ New calibration status with new R-N-tables defined based on old R-N-tables incl. determination of
SL-reference values from corresponding tests (s. table with results), data at high sun (mue < 1.4)
should not be used.

e Correction of new Irene-Q-table (after discharge lamp test on October 18, 2019), from
results of the Hg-Test immediately after return to station, if necessary.

¢ Regular test (monthly SL and HG, at least annual Symmetry Test) and cleaning of
GQP/Sundirector.

¢ New absorption coefficients will officially be introduced in the near future: reprocessing of
all data necessary. Information will be given. Question of the future use of effective
absorption coefficients (derived from optical characterization) not finally clarified.

Hohenpeissenberg, 10.01.2020
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Initial Calibration on October 9, 2019
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Intercomp arison Results
Iren2019 from October 7 to 18, 2019 at Irene

Instrument D064
Germany (Hohenpeissenberg)

Initial calibration (09.10.2019):

Date: Comment:

G-Tables 4.6.02 after wedge cal. at Bould er on June 4, 2002

after FC with D065 on April 24, 2014 with old B-N at
N-Tahles 24.4.14 MOHp2014
Corrections to N-Tahles A C D AD CD
from SL-Test -0.70 -0.70 -0,70 0,00 0.00
from Comparison -0,09 -0,04 -0,11 0.02 0,07
Sum -0.79 -0,74 -0,581 0,02 0.07
Comm ents: Very good agreement in AD and acceptable in CD with mod erate mue-dep endance

moderate mue-depend ance because of lairger mue-dep. in D065 C-data
no FC necessary, conparisons on October 12 and 17 do not provide better data

Final Calibration (09.10.2019):

(z-Tahles

N-Table (new)

Date: Comment:
4.6.02 after wedge cal at Boulder on June 4, 2002
24.4.14 old R-N-table kept

Corrections to: A C D AD CD
new G-Table 0,00 0.00
Comm ents: Final =Initial Calib ration, asbest results (smallest mue-depend ance)

on October 9, 2019, intercomparisons on October 12 and 17

do not provide better data. Old R-N-tables and SL-references kept
Reference Standard Lamp Data: Date: - none -
for new R-N-table
Lamp No. A C D

K N K N K N

not necessary

Q-Table:

Q-table checked and ad justed (if necessary) when back at station
monthl check with HG-test and possib by necessary corrections
asdescribed in Komhyr'sold or Bob'snew Dobson manual

Page 18



»-0 Ds*'s,;/ -
V ' ’ South Afrlcan Y ”‘ @1 METEOROLOGICAL SERwusb
“Wwo. Weather Service 4% M - Y - ""MB

Instrument D064
Germany (MOHp, European regional standard)

Original Calibration Data:

N-tables from April 24, 2014, based on DSGQP-comparison with D065 on 24.April 2014 at
MOHp2014, G-tables from June 4, 2002 at Boulder.

Reference Standard Lamp Values for lamps 64Q1, 64Q2 and 64Q3.

Lamp tests results used in data processing at home station.

Introductory Remarks: D064 is European Regional Reference Dobson, normally calibrated relative
against World Standards D065 or D083 or absolut after Langley Method at Izana.

Initial/Final Calibration Results (Adjustments based on the results with Standard Lamp tests
included.)
October 9, 2019:

d_Na:-0.09 d_Nc:-0.04 d_Nd:-0.11 d_Nad:0.02 d_Ncd: 0.07

The d_Nad value implies an average 0.00 % error in calculated ozone value, Mu=1.3 to 2.5 (data
truncated at Mu-values < 1.3), Total Ozone = 300 Dobson Units. No Mu-dependance in AD, moderate
in CD due to Mu-dependance in D065 C-data.

Optical, mechanical and electronical work performed:
¢ No more work done, only comparative measurements and regular lamp tests.

Final intercomparison: See under Initial/Final Calibration Results

IC and FC on the same day, as further comparisons on October 12 and 17 do not provide better data,
old R-N-table and SL-references kept, highest difference against the standard ADDSGQP
observations of D065 in mue range 1.15 to 3.2 was 0.2 % in total ozone, small mue-dependency.
CD-observations with moderate Mu-dependence, but normally not used and probably caused
by D065 C-data.

Recommendations/Comments:

e The results of the initial calibration are very good in AD, therefore no re-calculation necessary,
especially as only AD used for data evaluation.

e Old R-N-tables kept incl. old SL-reference values.

e Correction of new MOHp-Q-tables from results of the Hg-Test immediately after return to station.

e Regular test (monthly SL and HG, at least annual Symmetry Test) and cleaning of
GQP/Sundirector.

Hohenpeissenberg, 06.03.2020
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Intercomparison Results
Irene2019 from October 7 to 18, 2019 at Irene

Instrument D089
South Africa (Irene)

Initial calibration (12.10.2019):

Date: C omm ent:

G-Tables 12,9.17 after wed ge-cal. on Sept. 12, 2017 at ElArenc2017
after FC on Sept. 13, 2017 with new B-G ar

N-Tahles 12.9.17 FlAreno2017
Corrections to N-Tables A C D AD CD
from SL-Test -1.60 -L20 -1.40 -0.20 0.20
from Comparison -2.51 -1.95 -1.98 -0L.53 0.03
Sum -4.11 -3.15 -3.38 -0.73 0.23
Comm ents: acceptable agreement in AD, data noisy, larger d ifference in mue-range 1.5-2

large difference in single A, € and D, no data reprocessing recommended

Final Calibration (17.10.2019):

Date: C omm ent:
G-Tables 13.10.19 new R-G-table after wedge calibration on 13.10.19
MN-Tahble (new) 17.10.19 new R-N after 2.FC in 17.10.19 with new R-G
Corrections to: A C D AD CD
new G-Tahle -28.69 -20.72 -17.39 -11.30 -3.33
Comm ents: Resultsvery good in AD and used to create new R-N-tables

for future data processing

Reference Standard Lamp Data: Date: 17.10.19
for new R-N-table
Lamp No. A C D

R N R N R N
8906 38.80 11.49 3580 16.23 34.80 18.18
80Q7 3870 11.28 36.00 16.46 3490 18.29
8009 38,90 11.61 36.00 16.46 3490 18.29
6401 39,30 12.06 36.20 16.69 3540 18.85
Q-Table: no new Q-table necessary, as D089 remains on station

monthly check with HG-test and possih v necessary corrections
as described in Komhyr's old or Bob'snew Dobson manual
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Instrument D089
South Africa (Irene)

Original Calibration Data:

N-tables from 13. September 2017 based on DSGQP-comparison with D064 on September 13, 2017
at El Arenosillo, G-tables from 12. September 2017.

Reference Standard Lamp Values for lamps 89Q6, 89Q7 and 89Q9

Lamp tests results used in data processing at home station.

Introductory Remarks: Last calibration at El Arenosillo in 2017 was repeated and confirmed.

Initial Calibration Results (Adjustments based on the results with Standard Lamp tests included.)
Done on October 9:

d_Na: -2.51 d_Nc:-1.95 d_Nd:-1.98 d_Nad: -0.53 d_Ncd: 0.03

The d_Nad value implies an average +0.7 % error in calculated ozone value, Mu=1.15 to 2.5, Total
Ozone = 300 Dobson Units. Measurements very noisy due to not optimal operation of the instrument,
larger difference in mue-range 1.5 - 2.0 and in single A, C and D. As AD acceptable no data
reprocessing recommended.

Optical, mechanical and electronical work performed:

e Electric/Electronics: Old Komhyr-version, some noise problems, reason for the well known
problem of different readings (detected during SL-Test) at different setting of High Voltage found:
shutter motor causes RFI on the electronics which results in an offset of the microamperemeter
zero.

Optical check: All optics (Ps, Ms, Ls, Q-plates, wedge dusty, surface of cobalt filter with film.
Symmetry test: Done twice, Results satisfying in important values.

Measurement of slit widths and parallelism with microscope: Not done.

Shutter motor: Toothbelt driven, 815 rpm O.K.

PMT vertical position test: and Focus L1: Not done.

Optics: All optics cleaned, special cleaning of cobalt filter.

Further work: Gasket replaced

Discharge lamp: Not done.

Wedge calibration: Done on October 12, 2019, applied to create new R-G-tables for FC.

Final intercomparison: October 12 and 17, 2019:

Data of two final calibration processed with the new R-G-Tables to derive new R-N-tables, much less
noise in the data than during the IC; second FC used for future R-N-tables; highest difference
against the standard ADDSGQP observations of D064 in mu range 1.15 to 3.2 was -0.7 % in
total ozone, no significant mue-dependency. CD-results O.K. with mue-dependence, but not
used.

Recommendations/Comments:

e The results of the initial calibration are satisfactory in AD, therefore no re-calculation necessary.

e New calibration status with new R-N-tables defined based on new R-G-tables incl. determination
of SL-reference values from corresponding tests (s. table with results).

e Correction of Q-tables from results of the Hg-Test not necessary.

¢ Regular test (monthly SL and HG, at least annual Symmetry Test) and cleaning of
GQP/Sundirector.

¢ Recommendation to avoid RFl-effect/zero-offset on SL-Test and measurements: Switch on
shutter motor only with inlet window closed and correct offset of the microamperemeter if
any.

e New absorption coefficients will officially be introduced in the near future: reprocessing of
all data necessary. Information will be given. Question of the future use of effective
absorption coefficients (derived from optical characterization) not finally clarified.

Hohenpeissenberg, 28.11.2019
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Intercomparison Results
Iren2019 from October 7 to 18, 2019 at Irene

Instrument D112
India (New Delhi)

Initial calibration (12.10.2019):

Date: Comm ent:

-Tahb les 7 Origine not known

N-Tables 18.3.06 from FC on March 18, 2006 at Tsuluba
Corrections to N-Tahbles A C D AD CD
from SL-Test -3.10 -2.70 -2.50 -0.60 -0.20
from Comparison 1.27 1.57 2.38 -1.01 -0.51
Sum -1.73 -1.13 -0.12 -1.61 -1.01
Comm ents: Agreement in AD out of limits, noisy data, large diff. especially in D

Reprocessing recomm end ed after check of SL-test history
to d etermine doubtful period s

Final Calibration (17.10.2019):

Date: C omm ent:
G-Tahles 16.10.19 from wedge cal. on October 16, 2019, at Irene
N-Table (new) 17.10.19 from IC on October 16, 20192 with new R-G
Corrections to: A C D AD CD
new G-Tahle -8.39 -5.54 -6.a60 -L79 1.06

Comm ents: Very good agreement in AD and single A, € and D
New R-N-rables derived from thisIC using new R-G-table

Reference Standard Lamp Data: Date: 17.10.19
for new R-N-table
Lamp No. A C D

34 N 34 N R N
11202 2570 11.78 28.20 17.54 30.80 18.59
6401 25.70 11.78 28,40 17.64 30.80 18.59

-Table: Check new Q-table from discharge lhmp test October 15 after return
ge lamp
by doing an HG-test and correct if necessary according the procedure
described in Komhyr's old or Bob's new Dobson manual
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Instrument D112
India (New Delhi)

Original Calibration Data:

N-tables from march 18, 2006 based on DSGQP-comparison with D116 on 18.3.2006, Tsukuba,
origine of G-tables not known.

Reference Standard Lamp Values for lamps 112Q2.

Lamp tests results used in data processing at home station.

Introductory Remarks: Instrument used as national standard. HG lamp not operational, therefore
D064-equipment used.

Initial Calibration Results (Adjustments based on the results with Standard Lamp tests included.)

October 12, 2019:

d_Na: 1.37 d_Nc: 1.57 d_Nd: 2.38 d_Nad: -1.01 d_Ncd: -0.81

The d_Nad value implies an average +1.4% error in calculated ozone value, Mu=1.15 to 2.5, Total
Ozone = 300 Dobson Units. AD-difference out of limits, large difference especially in D.
Reprocessing recommended after check of SL-test history to determine doubtful periods.

Optical, mechanical and electronical work performed:

Electric/Electronics: Japanese electronic type, shunt resistor of microamperemeter corroded.
Optical check: All optics incl. wedge slightly dusty, film on surface of cobalt filter, mirrors with
fingerprints and scratches

Symmetry test: Acceptable at the beginning, good after mirror replacement, optical alignment
however very difficult.

Measurement of slit widths and parallelism with microscope: Not done.

Shutter motor: Problems with correct speed, very slow (250 rpm at the beginning of operation, 750
rpm after 10s), could be easily stopped with a finger. Repair or even replacement not possible at
Irene; attempt with better lubrication.

PMT vertical position test: Good after optical alignment after mirror replacement, Focus L1: Not.
Optics: All optics cleaned, special cleaning of surface of cobalt filter, mirrors replaced.

Further work: Shunt resistor and gasket replaced.

Discharge lamp: Done twice, on Oct. 9 before initial calibration and on Oct. 15 after optical
alignment, new Q-table created.

Wedge calibration: Done on October 16, manually data acquisition necessary, as encoder of
wedge calibrator defective. New R-G-tables created.

Final intercomparison: On October 17, 2019:

Data of final calibration processed with the new R-G-Tables to derive new R-N-tables as results better
than with old R-N-tables, very good agreement in AD, small noise in the data; FC used for future R-
N-tables; highest difference against the standard ADDSGQP observations of D064 in mu range
1.15 to 3.2 was -0.3 % in total ozone, no significant mue-dependency. CD-results O.K. with mue-
dependence, but not used.

Recommendations/Comments:

The results of the initial calibration are out of 1%-limit, therefore re-calculation recommended after
check of SL-test history to determine doubtful periods.

New calibration status with new R-N-tables defined based on new R-G-tables incl. determination
of SL-reference values from corresponding tests (s. table with results).

Correction of new Irene-Q-tables from results of the Hg-Test immediately after return to
station.

Regular test (monthly SL and HG, at least annual Symmetry Test) and cleaning of
GQP/Sundirector.

New absorption coefficients will officially be introduced in the near future: reprocessing of
all data necessary. Information will be given.

Electronic and motor replacement recommended within the next years.

Hohenpeissenberg, 27.12.2019
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Intercomparison Results
Iren2019 from October 7 to 18, 2019 at Irene

Instrument D132
South Africa (Springbok)

METEOROLOGICAL SERVICES ‘

Initial calibration (09.10.2019):

Date: Comment:
=-Tahles 22.10.09 after wed ge-cal. on Oct. 22, 2009 at Irene2009
N-Tables 27.10.09 after FC on Oct. 27, 2009 with new E-G at Irene2009
Corrections to N-Tables A C D AD CD
from SL-Test -1.90 -3.90 -1.50 -0.40 -0.40
from Comparison -0.69 0.09 -0.50 -0.19 0.59
Sum -4.59 -3.81 -4.00 -0.59 0.19
Comm ents: Good agreement in AD, noisv data in A, moderate mue-dependance

Used asresults more consistent in single I than that of 2. IC on 12.10.
No dara reprocessing recommended.

Final Calibration (17.10.2019):

Date: C omm ent:
-Tahles 22.10.09 after wed ge-cal. on Oct. 22, 2009 at Irene2009
MN-Tahble (new) 17.10.19 after FC om Oct. 17, 2019 with old BE-N at Irene2019
Corrections ta: A C D AD CD
old N-Table incl. SL-test -4.320 -3.50 -3.70 -0.60 0.20

Comm ents: Resultsvery good in AD and good in single A, C and D
new R-N-tables derived and recommended for future data processing

Reference Standard Lamp Data: Date: 17.10.19
for new R-N-table
Lamp No. A C D

R N R N R N
1324 39.10 12.69 39.90 17.93 40.00 19.43
132C 39,00 1259 39.40 17.42 39.90 19.323
132D 39.20 12.79 39.80 17.83 40.00 19.43
132 3850 12,329 39.60 17.66 39.70 19.15

Q-Table: Check original Q-table in use at station
by doing an HG-test and correct if necessary according the procedure
described in Komhyr's old or Bob's new Dobson manual
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Instrument D132
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Original Calibration Data:

N-tables from 27. October 2009 based on DSGQP-comparison with D064/D083 October 27, 2009 at Irene, G-
tables from 22.0October, 2009.

Reference Standard Lamp Values for lamps 132A, 132C, 132D and 132E

Lamp tests results used in data processing at home station.

Introductory Remarks: Two initial calibrations performed on October 9 and 12, 2019. Only IC on first day used,
as results of second IC especially in D not consistent (reverse sign, data noisy and doubtful).

Initial Calibration Results (Adjustments based on the results with Standard Lamp tests included.)
Done on October 9, 2019:

d_Na: -0.69 d_Nec: 0.09 d_Nd: -0.50 d_Nad:-0.19 d_Necd: 0.59

The d Nad value implies an average 0.3 error in calculated ozone value, Mu=1.15 to 2.5, Total Ozone = 300
Dobson Units. Good agreement in AD with moderate mue-dependance. No data reprocessing necessary using this
first IC.

Optical, mechanical and electronical work performed:

e Electric/Electronics: New US-type MOHp modified.

Optical check: All optics slightly dusty, cobalt filter dirty, wedge O.K..

Symmetry test: Done on October 8 and 15, good results.

Measurement of slit widths and parallelism with microscope: Not done.

Shutter motor:

e PMT vertical position test: Not done, Focus L1: Not done.

e  Optics: All optics incl. cobalt filter cleaned.

e Discharge lamp: Done on October 11, 2019, not used as no difference to original Q-table.
e  Wedge calibration: Not done.

Final intercomparison: On October 17, 2019:

Data of final calibration processed with old R-N-Tables to derive new R-N-tables, very good agreement in AD,
small noise in the data; FC used for future R-N-tables; highest difference against the standard ADDSGQP
observations of D064 in mu range 1.15 to 3.2 was -0.5 % in total ozone, no significant mue-dependency. CD-
results O.K. with mue-dependence, but not used.

Recommendations/Comments:

e The results of the initial calibration are good although data noisy and have to be edited, therefore no re-
calculation necessary, especially as only AD used for data evaluation.

e New calibration status with new R-N-tables defined based on old R-N-tables incl. determination of SL-
reference values from corresponding tests (s. table with results).

e Correction of original-Q-tables at station from results of the Hg-Test immediately after return to
station.

e Regular test (monthly SL and HG, at least annual Symmetry Test) and cleaning of GQP/Sundirector.

e New absorption coefficients will officially be introduced in the near future: reprocessing of all data
necessary. Information will be given.

Hohenpeissenberg, 30.12.2019
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Difference N_A-C-D to Reference Instrument D064
1.Initial Calibration on October 09, 2019
N(D064)-N( D132) vs. Mue for D064 & D132Irene, 9. October 2019
1. Initial Calibration original data - truncated & edited
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1. Initial Calibration adjusted data - truncated & edited
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Difference N_A-C-D to Reference Instrument D064
Final Calibration on October 17, 2019

N(D064)-N(D132) vs. Mue for D064 & D132Irene, 17. October 2019
Final Calibration original data - truncated & edited

METEOROLOGICAL SERVICES‘
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N(D064)-N( D132 ) vs. Mue for D064 & D132Irene, 17. October 2019
Final Calibration adjusted data - truncated & edited
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