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Quality Assurance / Science Activity Centre Switzerland

522 Quality Assurance/Science Activity Centres (QA/SACs) . e
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Specific activities: H i tige raditls
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QA-1. Provide an operating framework for GAW quality assurance activities and calibration §
facilities for a specific variable and geographical area of responsibility (world,
WO Gl Amcrphore Wotch (GAW) regional, national).
juS————
QA-2. Coordinate the activities of WCCs and RCCs in the area of their responsibility.
QA-3. Provide advice and support for the local QA system at individual GAW sites.
@ o= QA-4. Where appropriate, coordinate instrument calibrations and intercomparisons and " 3
other measurement activities.
GAW QA-5. Perform or oversee regular system audits at GAW sites. Science
I | t t. QA-6. Provide training, long-term technical help, and workshops for station scientists and
mp ementation technicians.
PIan 2016'2023, QA-7. Promote the scientific use of GAW data, and encourage and participate in scientific
GAW Report collaboration.
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Primary Tasks of QA/SAC-CH -

N

* research activities promoting technical progress and
scientific data analysis,

 twinning, support, capacity building, and training
* contribution to GAW outreach,

* networking / cooperation with other programmes /
projects in line with the GAW strategy networking

N A
o

ACTRIS f Q

RINGO IgIs:

outreach

NIES technical training course, Tsukuba, November 2019

martin.steinbacher@empa.ch 9 Empa



Rationale for training and capacity building

Stations reporting CO, data

e : CONTINUOUS STATION

A : FLASK STATION L | X
£y ELASEMOBILEL(SHIE) D g " ... Building expertise in developing

: REMOTE SENSING STATION AR . : : oo
Y x [~ countries including the establishment of

high-quality measurement capabilities
remains a critical issue for achieving

N 5 i da adequate spatial coverage of the globe
ik Ao A in the coming decade. WMO and IAEA
AEEE VAW e . can make large contributions here
7 o s through training courses, and

- : p—- stimulating partnerships between

| | 1 SN laboratories. .."

WDCGG Data Summary, No. 42, 2018
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The long process of capacity building

A-priori: basic equipment / infrastructure available, willingness to perform high-
precision air quality observations in a pristine environment

advice for instrument selection

technical support / advice to set up measurement capabilities
regular on-site training

remote support / trouble shooting

facilitating the provision of spare parts

support for data processing / data submission

support for (research) proposal writing

support for scientific data analysis and publication
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A-posteriori: fully autonomous monitoring station, high-quality data, good visibility
in the GAW and the scientific community
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Planning of ambient air measurements



Planning of ambient air measurements

= Why are ambient air measurements needed?

= Which compounds are of interest?
(gaseous compounds, particulates, deposition,
meteorological parameters)

= What kind of data series are needed?
(continuous, discrete, time resolution, concentration range)

= Where are measurements reasonable?
(representatives of air, avoid influence of undesirable sources)

= When is the right time to measure?
(annual cycles of compounds, special weather conditions)
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Example — Bukit Koto Tabang

greenhouse gas observations
through flask sampling and in-situ monitoring
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Example — Bukit Koto Tabang

martin.steinbach
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greenhouse gas observations
through flask sampling and in-situ monitoring
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Example — Bukit Koto Tabang

greenhouse gas observations
through flask sampling and in-situ monitoring
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Example — Bukit Koto Tabang

greenhouse gas observations
through flask sampling and in-situ monitoring
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long-term flask observations suitable for trend estimates

continuous measurements allow gaining insight into local to regional processes
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Measurement strategies

® with sampling
— online, automatic analysis at site (monitor)
— quasi-online (e.g. automated GC)
— offline, sampling at site, analysis in laboratory
— integral sampling
— spot sampling

¢ without sampling (remote sensing)

— DOAS (Differential Optical Absorption Spectroscopy)
— FTIR (Fourier Transformation Infrared Spectroscopy)
— LIDAR (Light Detection and Ranging)

— TDLS (Tuneable Diode Laser Spectroscopy)
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Useful documents

THE GLOBAL ATMOSPHERE WATCH PROGRAMME

REVISED
9:58 am, Sep 26, 2007

GAW Report No. 228

|
g

\WMO Global Atmosphere Watch (GAW)

Strategic Plan: 20082013 Addendu for the Period 2012 - 2015 WMO Global Atmosphere Watch (GAW)
to the WMO Global Atmosphare Watch (GAW) Implementation Plan: 2016-2023
Strategic Flan 2008 - 2015

i

http://www.wmo.int/pages/prog/arep/gaw/gaw-reports.html

Global Atmosphere Watch (GAW) Programme: 25 years of global coordinated atmospheric

composition observations and analyses

https://www.wmo.int/pages/prog/arep/gaw/documents/GAW25_brochure_wmo_1143_en.pdf
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Useful documents

Requirements for Global Stations

These stations primarily observe GAW variables under background conditions, i.e. without
permanent significant influence from local pollution sources. In addition to fulfilling the
requirement of GAW Regional stations, Global stations must fulfil the following:

1. Measure at least two variables in at least three of the six GAW focal areas with the full
implementation of GAW'’s Quality Assurance system (Box 7.1 (A)).

2. Have a strong scientific supporting programme with appropriate data analysis and
interpretation within the country and, if possible, the support of more than one agency.

a.  The stations should have a confirmed track record of research campaigns and/or
scientific products (within last 3 years) as a Regional station.

b.  The measurements at the station have been audited or the quality of the
measurements has been documented through other means of verification.

C. The data from at least two variables in at least three focal areas have been
submitted to the respective World Data Centre(s) during at least three years within
the data submission period of 1 year after measurement.

3. Provide a facility at which intensive campaign research can augment the long-term
routine GAW observations and where testing and development of new GAW methods can
be undertaken.

4, In case the measurements of some GAW variables are occasionally influenced by local
pollution, the station shall subject the data to appropriate filter methods to extract the
background concentrations and submit both a filtered and an unfiltered time series to the
WDC. Also the station metadata on GAWSIS should describe the conditions under which
pollution influences may be found and describe the applied filter methods.

NIES technical training course, Tsukuba, November 2019
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Useful documents

Requirements for GAW Regional stations in particular include:

1.

The station location is chosen such that, for the variables measured, it is regionally
representative and is normally free of the influence of significant local pollution sources
or at least frequently experiences advection of pollution-free air from specific wind
directions.

There is a commitment by the responsible agency to long-term observations of at |east
two variables in at least one GAW focal areas (ozone, aerosols, greenhouse gases,
reactive gases, UV radiation, precipitation chemistry/total deposition). To address
measurements for multiple applications in more than one focal area are recommended.

Adequate power, air conditioning, communication and building facilities are provided to
sustain long-term observations with greater than 90% data capture® (i.e. <10% missing
data).

Standard meteorological in situ observations (at least temperature, humidity, air
pressure, and wind speed and direction), necessary for the accurate determination and
interpretation of the GAW variables, are made of known quality.

Technical staff are trained to operate station equipment.

GAW observations are of known quality, follow GAW Quality Assurance principles and
procedures, linked to the GAW Primary Standard where applicable and use the
measurement methods recommended® by GAW.

A station logbook (i.e. record of observations made and activities that may affect
observations) is maintained and is used in the data validation process.

The data and associated metadata must be submitted to one of the GAW World Data
Centres at least on a yearly basis documenting Year N no later than end of Year N+1.
Changes of metadata including instrumentation, traceability, observation procedures,
must be reported to the responsible WDC and GAWSIS in a timely manner following the
WIGOS metadata standards.

If feasible, data are submitted to a designated data distribution system in near-real-time.

AW Report N 228

WMO Global Atmosphere Watch (GAW)
Implementation Plan: 2016-2023
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Infrastructure Requirements

Measurement site infrastructure

= shelter

= mast for free exposure of the inlet

= reliable power supply

= air conditioning

= internet access

= access to the station (365 days a year)
= |ocal support

Instrument(s) and periphery

= adequate GHG analyzer

= periphery for automatic calibration

= reference gases (cals, targets)

= pressure reducers

= plumbing (additional pumps, tubing,
connectors, inlet hat, drying unit, ...)

= consumables, spare parts, backup
instruments, ...

NIES technical training course, Tsukuba, November 2019
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Quality control of ambient air measurements



GAW Quality Management Framework
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GAW's Central Facilities — the Trace Gas Perspective

GAW Central Facilities

NIES technical training course, Tsukuba, November 2019
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Variable Quality Assurance | Central Calibration | World Calibration Regional Calibra- World Data Centre
/ Science Activity Laboratory Centre tion Centres
Centre
€O, JMA (Asia, South- NOAA-ESRL NOAA-ESRL (round IMA
West Pacific) robin)
Empa (audits)
€O, Isotopes MPI-BGC IMA
CH, Empa (Americas, NOAA-ESRL Empa (Americas, IMA
Europe, Africa) Europe, Africa)
JMA (Asia, South- JMA (Asia, South-
West Pacific) West Pacific)
N0 UBA NOAA-ESRL KIT/IMK-IFU IMA
SFg NOAA ESRL KMA-KGAWC IMA
CFCs, HCFCs, HFCs IMA
Surface Ozone Empa NIST Empa OCBA (South NILU
America)
co Empa NOAA-ESRL Empa IMA
VOCs UBA NPL (Ethane, Pro- KIT/IMK-IFU NILU
pane, n-butane, n-
pentane, Acetyle-
ne, Toluene,
Benzene,
Isoprene)
NIST (monoter-
penes)
NOy UBA NPL (NO) FZJ (IEK-8) (NO) NILU
S0, NILU

AW Report N 228

WMO Global Atmosphere Watch (GAW)
Implementation Plan: 2016-2023
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Example — CCL for CO2 (NOAA-ESRL)
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For greenhouse gases, primary standards are prepared gravimetrically by mixing

aliquots of pure gaseous or liquid reagents with ultra-pure air,

and are calibrated manometrically by measuring temperature and pressure in well-
deflned volumes of the whole air and the cryogenically trapped species of interest.
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Propagation of the scale, from CCL to station

Central
. . 15 PRIMARY STANDARDS
Calibration 246 TO 520 PPMV GO2.
Laboratory

10 SECONDARY STANDARDS station operators
200 T O 420 PPMV CO2.

primary

laboratory
/ standards

working
CMDL/GCT CMDL/GCG LAB CUTSIDE GGt standards
IN-SITU AIRCRAFT FLASKS RESEARCHERS at station
STANDARDS NETWORK FLASKS ( )
TOWERS
EXPERIMENTAL GAS
For GOz

CALIERATION PRECISION; 0.014 pmeolimeol [ 1 ed of calibrations = & months apart].
precision for =325 approx. 0.1
precision for =425 approx. 0.25

Abs=olute Uncertainty; 0.1 pmolimol
Internal consistency (325425 umolimel]; 0.04 pmolimal  [2 sigma] [« 2 years]

https://www.esrl.noaa.gov/gmd/ccl/airstandard.html
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or e File ] Contact [ Observation ] Reference(s) ‘ Gallery _
Tra Cea b I | Ity | Organization
NO 17
1 M Acronym DMC
= make sure that you know your traceability chain
. . . Address 1
= add this information to your data / metadata Adires 2 Diecin Wetorlica e e
Address 3 Av. Portales 3450, Estacion Central - Santiago
Country/Territory Chile
Website http://www.meteochile.gob.cl/ =
I Contact(s)
COZ - TLL - Name Gaston Torres
A Prefix
Ii File | Contact I Observation I Reference(s) Email gtorres@meteochile.cl
Organization No 17
HSearch by a keyword: (start typing) tion acronym pme
tion name Direccion Meteorologica de Chile
country/territory Chile
NO & Address 1
Data header Colaboratorts e |
Name Swiss Federal Laboratories for Materials Science and Technology ‘
Aim of Observation » Background observation
CRG_QCflag description
intake_height total listed : 1 Dafai »ure
intake height 1 : 5 Unit r ppm
incake:height:l_units tm Calibration Scale » 9999-12-31 00:00:00 - 9999-12-31 ZSZSQZSQ\IMO Cco2 XZO@
intake height 1 start date : 2013-05-01T00:00:00Z Instruments(s) » 9999-12-31 00:00:00 - 9999-12-31 23:59:59: Picarro Inc., G2401, S/N CFKADS2031(CRDS)
intake_height_1_end date : 2015-12-30T00:00:00Z Intake Height above ground level | » 9999-12-31 00:00:00 - 9999-12-31 23:59:59: 5 (m)
instrument total listed : 1 Sampling Frequency » 1 second
instru.ment_l H m Inc., (32401, 5/N CFEADS2031 » Four calibration tanks are measured automatically every 2 to 9 days. Three of them are tanks purchased from the GAW
instru.ment_l measurement method type code : 18 Central Calibration Laboratory (NOAA ESRL), the mole fractions of the fourth tank are determined by the GAW World Calibration

Centre for CH4, CO2, CO and surface O3 (WCC-Empa). WCC-Empa also assigned the mole fractions of an additional target

instrument 1 measurement method name : CRDS cylinder that is measured every second day for quality control.

instrument 1 start date : 2013-05-01T00:00:00Z the analyzer is regularly calibrated with four reference gases. All assigned mole fractions are reported on the WMO CO2 X2007
- = — scale. The quality of the calibration is verified with a fifth reference gas (target cylinder).

Measurement Calibration

instrument 1 end date : 2015-12-30T00:00:00Z
scale total listed : 1 Data Processing
scale 1 code : 1

» Quality assurance procedures involve time series plots, target tank (i.e. cylinders containing natural air with assigned trace
gas mole fractions that are treated as (unknown) sample in a sequence of analyses) measurements, and consistency checks.

» [Hourly] high-resolution data are aggregated to 1min averages before hourly averages are calculated. Thus, ND (the number
scale 1 name : WMO CO2Z X2007 of detections) refers to the number of available 1min averages within the respective hour.

» [Daily] hourly averages are aggregated to daily means. Thus, ND (the number of detections) refers to the number of available
hourly averages within the respective day.

scale 1 end date : 20135-12-30T00:00:002 » [Monthly] daily data are agareaated to monthly means. Thus. ND (the number of detections) refers to the number of available |

scale 1 start date : 2013-05-01T00:00:00Z Processing for averaging

R L S U L R o R R R S R U L o

NIES technical training course, Tsukuba, November 2019
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Targeted compatibility for greenhouse gases within GAW

Recommended compatibility of greenhouse gas measurements

Component Compatibility goal Extended Range in Range covered by
1-sigma compatibility unpolluted the WMO scale
goal* troposphere
(approx. range for
2015)
CO; + 0.1 ppm + 0.2 ppm 380 - 450 ppm 250 - 520 ppm
(North.Hem.)
+ 0.05 ppm
(So.Hemisph)
CH. + 2 ppb + 5 ppb 1750 - 2100 ppb 300 - 5900 ppb
co + 2 ppb + 5 ppb 30 - 300 ppb 30 -500 ppb
N>O + 0.1 ppb + 0.3 ppb 325 - 335 ppb 260 - 370 ppb
SFs + 0.02 ppt + 0.05 ppt 8 - 10 ppt 2.0 - 20 ppt
H> + 2 ppb + 5 ppb 400 - 600 ppb 140 —1200 ppb
é'3c-co, + 0.01%o0 + 0.1%o0 -9.5 to -7.5%o
(VPDB)
6 1%0-Co; + 0.05%o0 + 0.1%o0 -2 to +2%o0
(VPDB-CO,)
A¥c-co, + 0.5%o0 + 3%o -50 to 50%o
AC-CH, + 0.5%o0 50-350%o0
A*c-co + 2 molecules cm™ 0-25 molecules
5 13C-CH, + 0.02%o0 + 0.2%o0 cm3
0 D-CHy + 1%o0 + 5%o0
05/N» + 2 per meg + 10 per meg -900 to -400 per
meg (vs. SIO
scale)

rule of thumb: internal reproducibility goals is one half the network compatibility goals

martin.steinbac

NIES technical training course, Tsukuba, November 2019

GAW Report N 229

18th WMO/IAEA Meeting on Carbon
Dioxide, Other Greenhouse Gases and
Related Tracers Measurement Techniques
(GGMT-2015)

l: L o, CA. USA, 15-17 Sopmmrer 2015
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GGMT-2015 Report,
GAW Report Nr. 229, 2016
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Typical plumbing design for CO2 observations

Shelter
r-r——————""" """ """""""""""--""""F""--"-"-"-""7/""7/"7""""" 1
‘ 17167 Shalnless steel tuking |
| - |
| Folloratlon 1 ] “oloco Wolve 148 p |
| & |
| Calibration 2 kL i |
| E | |
} Collbratlan 3 ;E E: Round Rokln Cyl 1 :
} |Cutibru.tiom 4 )_f ﬁ( Round Robln Cyl, e| :
‘ Round Rokin Cyl, 3‘ I
| Syrflex 1300 1447 |
| |
| |
| |
| |
| cO2 Instrument 4@— |
| |
——r ! Flaghs I
:n:-—f;—’— BC Instrunen t CFTIR:
.. | t = J——— Spars LEGEND - :
= = <[> @b' 7 SLPM
alr inie [ Synflex 1300 174 P M e Taphragn Punp |
| Coaoled ot -tmp |
| ’ ) |
| @ Peristaltic Pump |
| |
} @> Moss FlowMeter :
| — Ron Guord |
| Iy Flker |
| |
.- _

ICOS Atmospheric Station Specification Document
https://www.icos-ri.eu/documents/ATC%20Public

Frequency of calibrations depending on the time-scale of
sensitivity changes of the analyzer

NIES technical training course, Tsukuba, November 2019
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Calibration frequency for CO2 observations

Allan deviation plots

71 WCC-EmpaTI
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Zellweger et al., AMT, 2016

“A thorough analysis of the CO2 and CH4 stability of [this type of cavity enhanced laser
spectrometer] indicates that the optimal calibration frequency is approximately 30 h.”

NIES technical training course, Tsukuba, November 2019
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Calibration frequency for CO2 observations

ICOS &

TRN 472 - Calibration tank drift

Contre.

201 7-07-04 - 2018-07-04

P0002.2
Updale 2018-07-04 05:40

Target gas (injection data)
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41 | H 1 ¥ 3 -+~ D337348 1940.38 £0.31 nmol.mol' Ptp=2.06 Diff= 0.72
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| { 2T D1754331940.21 +0.18 nmol.mol”* Ptp= 0.75 Diff= -0.08
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31 H H . I « DOISBEN: 1699.76 2
o | H s & f 4 o ~ DOasERs: 184757 —~ . I j
E 1 — -+ w - 2 S S ~ o j e lsa - . ® aaa -1
B
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5
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5
. mbined with f tt t I
" co Ined witn very rrequent target gas ana ySIS
. . . : -
o] 1 | ] I 2017 09 201712 ems 03 2018-06
2017-08 2017-12 201803 2018-08
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° ; aodiy | & ! .i. 3o Admlg e cor D175433 182,02 +0.44 nmol.mol ™" Pip= 1.57 Diff=1 14
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Network wide quality control

= Round Robin Exercises for Greenhouse Gases

WMO/IAEA Round Robin Comparison Experiment - Archived Resulis

Results Participants Scales Cylinders
Round Robin 6 (2014-2015) -

All Circuits Circuit 1 Circuit 2 Circuit 3 Circuit 4 Circuit 5 Parameter: CH4 -

WMO RR: 6 Clrcwt aII

e o 'ctosurenat 2b1$ 1121

5 circuits of 2 cylinders
travelling around the world;
44 participating labs (RR6)

Lab minus NOAA (A CHa, ppb)

Created: 2015-12-10

]
=1
]
3
=]

https://www.esrl.noaa.gov/gmd/ccgg/wmorr/

UBA-SCHAU

NIES technical training course, Tsukuba, November 2019

martin.steinbacher@empa.ch 9 E’rlpp‘a‘



Network wide quality control
=  World Calibration Centre for Surface O3, CO, CH4, and CO2 (WCC-Empa)

. Alert__
T e S A 04 Ny Alesund,
N 97,01,05,12
: arow |
% —=Cm()3 - & Pallas-Sodankyls : :
: ] f y 97,0307 12
—=C0 w h W AU Q -
— & 4 cirele
@ CHa o | f
2 . T : LGS h0900 1301 Hohenpelssenberg 97.06.11
= N20 od - BIPM 06 12#zugspicze 96,97,01,06,11
< A A B Pul de Domé {6/5. ), Jungfraujoch 99.06,15 O yon-db 1417 «
E &0 co2 ~ o A Onoaa @nist 7 "7 A Mt Cimone 12 Anmydondo 1817 %
3 - e 8 Trinidad Head i R . e wﬂig“ﬁ % SMA 65
= zdha Jeju Gosan 17
- 50 Parallel measurements _/ 56198,00,04,09.13 A 0004,09.16 @nan PRy
= g A Mauna Loa ) krem " : -
H] #/ e o ! A el L Minamitorishima
E 40 A . § Cape Verde 12 ADanum Valley 08,13
e 7~ 0 MtKenya \ v 0
30 /: - A 000205,08.08.10.15  gukit Koto Tabang
_/: ‘/ Asamoa Arembepe 99,01,04,07,08,11,14
2 s v o1 ;
7#:/- /;/ \El Tolold 17 N CSIRG 0210
10 - - RCC-BsAs 03,08,10,16,17 @ CapePoint . O | NWA40
/— - 9798/02,06,11,15 A Capeé Grim O
OF e Amsterdam Island ) A
0 . | 021016 Lauder 10,16
& $ & “ > ® .0 L0 b o ® Denuala * | Y
I ) & o8 N W o 98,03,08,16
R I M - M A “ . |
Neumayer Station A A South Pole

A 05/COICH/CO, A O,/COICH, AOyCO A O5 A Notyetaudited O Calibration Facilities # Year(s) of audit(s)

e = established in 1996, more than 90 audits since then
D = ensures traceability to the GAW reference and determines
compatibility

= assists stations with regards to instruments and measurement

e issues (WCC-Empa & QA/SAC-CH)

. = improves technical know-how at stations through on-site training
& & P T R TR R
S A (WCC-Empa & QA/SAC-CH)
NIES technical training course, Tsukuba, November 2019
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Network wide quality control

=  World Calibration Centre for Surface O3, CO, CH4, and CO2 (WCC-Empa)

_______________ N 1) Traveling instrument WCC.Empa
§ 2 Independent calibration
{=> <{=> i (= | Analzer Il ' ’
[}
at Station N

1

! :
\ 1
\ 1
\ 1
| 1
\ om| 1
i ' |
NOAA Standard NOAA Standard WCC-Empa : . !
at NOAA/ESRL at Empa Traveling Standards ! : 4 :
1
| N !
1 L] |
Audit scope ! , 1
1
1 LI .
TS : i) In; en cor:anson - :
17 | W 3!
. ey <!
Analyzer 1 5 % @ |
13 1 e,

1 < 1 ¢v
1 E ' £!

I 3) s
\ & l‘éi S &,
L e e e L - _-
wcce Station wcc
years | years I weeks 4'* years

https://www.empa.ch/web/s503/wcc-empa
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Network wide quality control
=  World Calibration Centre for Surface O3, CO, CH4, and CO2 (WCC-Empa)

@ -| — WCC-Empa Picaro G2401
1 shuaia HORIBA APMA-360

o)

2 34

> =

O _

o |

@ WCC-Empa audit in Ushuaia (Argentina)

el

[ (February 2016)

Q

g :’é 16-02-05 03:56 to 16-02-05 15:26 HOE

2 T o

= g o

= S

= g o]

8 l T T T % ________________________________

16-02-09 16-02-29 16-03-20 16-04-09 3 L I I I .
= o 4 s B - T - T
vSTEM M i =+ ¥

@) T .|t iliri [t i[
| T ¥ g- -
i Audit reports are publicly available at

* https://gawsis.meteoswiss.ch/ ‘ ‘ ‘ ‘ ‘
* www.empa.ch/gaw, and
* http://www.wmo.int/pages/prog/arep/gaw/other_pub.html

<WMO-X2014> (ppb)
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Traceability for surface ozone measurements

= Each NIST Standard Reference Photometer (SRP) is a realisation of a Primary Standard
= CCL is NIST, which maintains SRP#2 (=reference for GAW), but SRP#X is also a primary standard

= The 'SRP family’, which defines the Oj; reference, is inter-compared in an ongoing Key Comparison organized
by BIPM (www.bipm.org)

Ozone in air 80 nmol/mol
Degrees of equivalence D; and U; in nmol/mol

' ! ' ' '
w £ w ha [ o [ ma w = w
&
*
&
*

mmmmmmmmmmmmmmmmmmmmmmmm
o o = = = C e c
52 =57 53 773

n = _- = = = E

Sep-0

Feh-0

Oot-1
|

o

™
PLT
1A
Yy
MI
HMISA |
NPL (M
METAS (lu
M

EMPA (1
NMC, A*STAR (M

CE
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Calibration (and auditing) of surface O3 analyzers

Reference: Standard Reference Photometer (SRP)

World reference: SRP #2 at National Institute for Standards and Technology

Currently: approx. 60 SRPs worldwide

Transfer standard / calibrator is calibrated against a reference photometer and
used for the calibration of ozone instruments

Traceability chain:

NIST

EMPA

Station

SRP#2

O

SRP#15

—©x

@ comparisons

martin.steinbach

Transfer
Standard

==

V]

Measurement
Instrument

NIES technical training course, Tsukuba, November 2019
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Operation and maintenance

Measurements and beyond

equslibration tine for 3td.5: T8 secends = 0%

— R
Rassuremint TSN SFES N 1523 8 th SIVESIGES BT GG I th Sventng

21,0322 et
restart of ELTololo
ressurenent

' Din
Electronic Logbook Los Gatos Research N20/CO analyzer 23r, Page 1 of 1

= documentation, log books

ju
mestart of New | Find | Select | Import | Config | Last day | Help

0D Tomp 50
= metadata management e
forheieys =
“hurdomn »i D) Date |Author] Type | category | Subject Event Date Text 6]
o 7o e
5 P [afeer mcasurenencs scopoed; ports selectea
3/26/2013 12:46:21 PM | mst134 Tests ks, | Y26/2013 12:46:15 PM aer measir eres <copped; o select
N passuords st under The Luntx Enviromsent
1/10/2013 8:22:52 AM ‘ mst134 [N20/CO-23d| General Passwords | 1/9/2013 10:21:20 AM ;gr: n20&c0*

1/9/2 ElTololo | Pha_Din | [ESNGRNSREY
Electronic Logbook Los Gatos Research N20/CO analyzer 23

1,05, (o ren
s | 17 |12/, (Submit ] (Preview

instrusent Fields marked with * are required

Entry time: 3/26/2013 12:46:21 P
16 | 12/19 puthor=: mstid B
Tyoe": MutPotUnt ~
15 [12/19;
category: Tests ~ [(Add Category
s et | 17, St overow checks
100,202 1111 19, ———— Event Date: Mach <~ % - Yean 013 = 2z % v: - g
e d 4 13 | 1277,
functionsts flows measuzed with ADMI000 membrane flovmeter affer measurements STopped; porte selested by activating the Port With the hardvare suitch inside The multipercumit

2; £-0s5; ssiaiaisi; e 95—
B E-oss: ssialsie; 100: 120-120 : new 55-20
porce; £-087; SS1a12132; s

11| 1274 E-0s4; ssiaizass; 7

1201 (9 ies)

pors; gas; regulator; upscreemp; dowmstreamd; overflow (ml/min]; comments
122272 13 0 olar 35120 120

200 : new: 20 - 110
: no overflow (downscreamP drops to 1.2bar, when reset to 2bar, overflow 150 : new: 40-70; rargec gas

B ELE

| flous unile measuring; porcs selected by activacing the porc with che hardware switch inside the multiporcunit
10| 1075, BoFs; | sas:  zegulster; upsuzeant; dewnstreant; ovesfiow (ml/minl; comwnts

|| porcy; £-088; Ss141s7ss: 2.0; 35
o | /16 porve; E-087; ssiaizis; 2.2; 55
2[R E-0s4; ss1a174ss; 2.0; ola: no overflow : new: 30: cazges gas
8 | o8/
Encoding: © HTML  ELCode ) plain
Suppress Email notification [ Resubmit as new entry
Attachment 1: Uplosd

Submit | [ Preview
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Operation and maintenance

@EMpa
Measurements and beyond s —
) o == Q@Empa
= documentation, log books S o — —
= metadata management — -

the Picaro cakibration unit (lanuary and July)
¢, 0pen large screw, replaca iter, put iltar holder back in

= preparation of checklists

CATCAS

CATCAS

CATCAS

NIES technical training course, Tsukuba, November 2019
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Standard Operation

Proce

dures and Checklists

(=] GAW

DF Martin Steinbacher, Dr Julien Anet
Empa - Laboratory for A Pollution/Environmental Technology
WMO/GAW Quality Assurance / Science Activity Centre Switzerland
Ueberlandstrasse 129

CH-8600 Duebendor, Switzerland

phone  +41(0)58 765 4048, +41 (0)SE 765 6098
fax +41(0)88 765 1122
emall.  martin steinbachertempa.ch, julien sneriempa.ch

Maintenance and Quality Control Checklist, Picar
Ata, Kyrgyzstan
Version, v160808

€02, CHa & CO Analyser, Pic;

Make notes in the electronic loghook (elog) in case of any mainten|

Regular checks should be dane
+ Every weeky
o wisually inspect current data
o check cylinder pressures

« every manth
o backup data

+ every 6 months
o Change filter at the back of the Picarra calibration u
o Change inlet filter at the top of the raof (April and

See details below

CATCAS

Cholponita_GH

x

Rl

¥

Add a new

°

Add a new

ked”)

CATCBS

Turn on screen, select Picarro computer, go t
window (at the bottam; severe errors are marl
Go to External Valve Sequencer and check if
Valve Sequencer isn't shown, go to Tools’, ‘Shy
Select Data Acquisition computer, go 0 ‘M
Baseplots’, press ‘Show’, make visual inspecy
values at Cholpan Ata are: CO2: 380 to 900 |
1000 ppb, H20: 0 to 4 vol%

Check inlet flow at the front of the Picarro cos
if not adjust the flow and make a note in the ef

comment in the elog (eg. Type “Mai

Check cylinder pressures (high and low prd
electronic file (CylinderPressures; click an icol
between 15 and 25 psi

comment in the elog (eg. Type "Maintenance”, Catego

CATCHS

"." GAW ‘

» Backup all data from the data acquisition computer and tf
Picarro analyser

Data acquisition computer: copy all {new) data from folder]
C\Datathour
CA\Data\elog\logbaoks
on an USB stick and save them on a separate comp|
o Picarro computer: copy all (new) data from
C:\UserData\Datalog_User_Sync

on an USB stick and save them on a separate comp|

Add a new comment in the elog e.g. Type “Data’, Category “Picarro G2401

ubject “Da

Gholponata_ GHGs Check|

oy Gaw @ Empa

Every 6 months:

o Change filter at the back of the Picarro calibration unit (January and July)
«  Remove filter holder, open large screw, replace filter, put filter holder back in
place

62401, Subject “Filter (back

Add a new comment in the elog (eg. Type “Maintenance’, Category P

ration unit) replaced”)

o Change (black) inlet filter at the top of the roof (April and October)

« Open black filter holder, put new black filter inside, close filter holder properly,
make sure that the hale is pointing downwards

Add a new comment in the elog (e.g. Type "Maintenance, Category *Picarro G2401
replaced)

Reaftop filter

CATC®BS

ChlpanAta GHGs Checklist 160808 docx - Page 4/4




Standard Operation Procedures and Checklists

oy caw @ Empa

Dr Martin Steinbacher
Empa - Laboratory for A Pallution/Environmental Technalogy
WMO/GAW Quality Assurance / Science Actiity Centre Switzeriand
Usberlandstrasse 129

CH-8800 Duebendorf, Switzerland

@Empa

o oW -] Empa

phone:  +41(0)58 765 4048, +41 Q)56 765 6038 ey
fax a1 (038 765 1122
Tl e AeRRecherhem . Checking instrument performance and verification of principal instrument parameters Every week
Example for a Maintenance Checklist, Ozone analyser TE49i
DAte o Time (UTC) - Zero and Span Check
Version, v171027 Ambient pressure . hPa = mim Hg {1 mbar i= 075006 mim Hg) e T
Instrument runs fine or alarm ' YN e epbtom_ w© Time WTC)
a s . ) ,
0ZONE ANALYZER ( Model451) Temperatures Bench: 15 - 45°C. (approx. 5°C above lab temperature) (oo °C) Y/ Span (Level . ppb tirom Time (UTC)}
Banch Lamp: 50 - 60°C [E—} Y
Make notes in the logbook in case of any maintenance ! Pressure: a few mm H below ambient pressure {oo mm Ho) Y How 10 da (in case of TE43i instrument with intermal ozene generatar)
Flows: ach 04 - 12UMIn  (Coll A oo WM.  Cell B |PMID) Y

air unit

plug in pump of 03 ze

Intensities: 65000-150000 Hz  (Cell A . kbz  /CellBr. ... kHZ) Y/

ment, check (and adjust af nece

ssary) the pres

et 15ps

Regular checks should be done Notes: . push =button an front of the instrument, readir
» every week for approximately 20 minutes unl the signals stak
o checking instrument performance and verification of principal instrument
parameters
o zero and span check (if technically possible)

e display (ower left) will change from “Sample” to 7

s, write down the measured O3 value

red value

F evell" is displayed; wait for 20 minutes, write down the mes:

= button ag:

How to do push = button again until “Sample” s displayed sqain, unplug pump of zero air unit

Check Alarms, press "ALARM", go back with = button
* every month Press “DIAGS", go to Tem e with MAIN M
& Replace inlet filter

ures, enter numl

Go to Pressures, enter number into form above, go back with MAIN MENU button

Go to Flows, enter numbers into form above. go back with MAIN MENU button

»  every 3 months
o A/Btest Go 1o [ntensities, &
o Check / clean ventilation instrument filter
o Check pressure sensor

o numbers into form above, 6o back with MAIN MENU button

Go to mai

en by pressing = button

Add a new comment in the elog (e.g. Type "Maintenance”, Categary “Therme 497, Subject “03 Parameters checker

« every 6 months
o Cell cleaning
o Leak check
o Check coarse filter on the roof (if available) o If possible, visually inspect the time series of azone {and the diagnastic parameters (tperatures, flows,
intensities), if available) of the last week on the data acquisition system

See details below

03 Checklist vI71027.doc - Page 1/7

032 Checklist ¥171027.docx - Page 27

02 Checklist ¥171027 docx - Page 37




Operation and maintenance

Measurements and beyond =

= documentation, log books

= metadata management

= preparation of checklists

= regular station updates in GAWSIS

NIES technical training course, Tsukuba, November 2019
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Operation and maintenance

Measurements and beyond

= documentation, log books
= metadata management
= preparation of checklists

= regular station updates in GAWSIS

= use of common terminology

JCGM 200:2012

International vocabulary of

metrology — Basic and general

concepts and associated terms
1M)

3rd edition

2008 version with minar corrections

Vocabulaire international de
métrologie - Concepts
fondamentaux et généraux et
termes associés (VIM)

3¢ édition

Version 2008 avec corrections mineures

N DE rR KONTAKT INTRANET LOGIN

e W e

Empa » 500 - Mobily, Energy and Environment > 503 - A Polluton / Envranmental Technciogy > Research > Globa Acmaspiere Was

@Empa

Materals Science and Technolegy

Emps » 500 Moy, Energyand Envronment > 503 - A Palucan / Envirarmena

nckogy » Research » Giabad Acmosphere et

» gom gozsary

WMO/GAW Glossary of QA/QC-Related Terminology

Version 1.02010-09-14 (st update: 2016.05-26 miner changes, see Version historyfor detai
tors: ., Kausen, H.. Scheel and M, Sianacher

Table of Contents

ntroducton

Gossary

Alphabetical list of terms:

- SECTION 1 - Quantities and Units

Glossary

Alphabetical list of terms

SECTION 2 - Measurement

SECTION 3 - Devices for Measurement

accuracy | adjustment of a measuring system | audit | calibration | calibration curve | calibration hierarchy | Central Calibration Laboratory (CCL) | certified reference material |
combined standard measurement uncertainty | concentration | conventional quantity value | conventional reference scale | correction | coverage factor | coverage interval |
coverage probability | data quality objectives (DQOs) | definitional uncertainty | expanded measurement uncertainty | indication | input quantity in a measurement mode |
international system of units | laboratory standard | measurand | measured quantity value | measurement | measurement accuracy | measurement bias | measurement error |
measurement guideline (MG) | measuring instrument | measurement precision | measurement procedure | measurement repeatability | measurement reproducibility |
measurement result | measurement trueness | measurement standard | measuring system | measurement uncertainty | metrological comparability of measurement results |
metrological compatibility of measurement results | metrological traceability | metrological traceability chain | (mass) mixing ratio | (volume) mixing ratio | mole fraction |
nominal quantity value | ordinal quantity | output quantity in a measurement mode! | precision | primary measurement standard | quality assurance | quality control | quantity |
quantity value | random measurement error | reference material | reference measurement standard | reference quantity value | reference scale | repeatability condition of
measurement | reproducibility condition of measurement | resolution | secondary measurement standard | sensitivity of a measuring system | selectivity of a measuring system
| (measurement) standard | standard measurement uncertainty | standard operating procedure (SOP) | standard scale | surveillance cylinder | systematic measurement error |
target cylinder (target gas) | tertiary standard | transfer measurement device | travelling measurement standard | true quantity value | Type A evaluation of measurement
uncertainty | Type B evaluation of measurement uncertainty | World Calibration Centre (WCC) | working measurement standard | zero adjustment of a measuring system

https://www.empa.ch/web/s503/gaw_glossary

NIES technical training course, Tsukuba, November 2019
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Data handling and analysis
1l I ottt
D -
" | Stabilization flagging
. - - il " mmm.tyimrmmn
Data processing T A —
‘ ,,.:N . Cal-brat-ojcurrect-on Calibr lmn‘(orre i ! g
:‘-—;i':lil ! m(img Flltimg Minute ai grtgauon and
* automated procedures are — I R L iﬁ

encouraged
 facilitates diagnostics and quality

control
 allows for re-processing of the data

(e.g. in case of scale changes)

\\\\\\\\\\\

/03/14 07/03/14 10/03/14 13/03/14

time

source codes w/o graphical
user interface
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Data handling and analysis

.
Data processin e ———
International des - the intergovernmental organization through which Member States act together @
Poi

oids et on matters related to measurement science and measurement standards.
1 Mesures #h | Site map | Nevs | Contact us | LER]
ABOUT US 'WORLDWIDE METROLOGY INTERNATIONAL EQUIVALENCE SI UNITS SERVICES PUBLICATIONS MEETINGS

* automated procedures are e N

GUM Gu e to the Expression of Uncertainty in Measurement

- BIPM Workshop on

« Software related to the GUM

encou raged N Related artices
BT | 1norder to benefit fully from the hyperlinking between the documents, the reader is advised to download all JCGM GUM:
oqe . . . . -
« facilitates dlagnostlcs and quallty
The fundamental reference document is the Guide to the Expression of Uncertainty in Measurement (GUM): and the GUM supplements 1
and 2

dosuments presently available in one ZIP file
control , , i o e o
- th
Bt im =GRty &7l w4 e o0a the probabilistic and statistical
(GUM 1995 with minor corrections) | T e IS I G Eh)
and related documents

.
 allows for re- processing of the data e o e s e T e o e e o e i oy

« News from JCGM-WGL
The JCGM Working Group 1 (JCGM-WG1) is producing a series of documents to accompany the GUM. The |« 1cGM working Group 1

.
first four of these documents have been approved and are available for download as PDF files. Printed copies are
€.g. In Ccase O1 sCale changes

» "Annotated VIM3"

Evaluation of measurement data - An introduction to the "Guide to the expression of o B o T

uncertainty in measurement” and reiated documents el
JCGM 104:2008

« FAQs on the VIM3
» News from JCGM-WG2
Evaluation of measurement dara Supplement 1 to the "Guide to the expression of « JCGM Working Group 2
uncertainty in measurement” — Propagation of using a Monte Carlo method et}
JCGM 101:2008

* estimation of measurement
uncertainty

Evaluation of measurement data — Supplement 2 to the “Guide to the expression of
uncertainty in measurement” ~ Extension to any number of UTPUE QUantities e
2cGM 102:2011

Evaluation of measurement data - The role of measurement uncertainty in conformity
assessment b
3CGM 10612012

Evaluation of measurement data - Concepts and basic principles

The following documents are at an early stage of preparation:

Evaluation of measurement data - Supplement 3 to the "Guide to the expression of
uncertainty in measurement” - Modelling

Evaluation of measurement data - Applications of the keast-squares methad

https://www.bipm.org/en/publications/guides/gum.html

NIES technical training course, Tsukuba, November 2019
@ Empa
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Measurement uncertainty — ozone measurements

Table 1 - Example of an uncertainty budget of an ozone analyser

Component (y) Source Distribution Contribution to u(x)
Imperfect calibration / Comparison between TS Rectangular 0.0017-x°
linearity and OA

Repeatability Instrument stability Rectangular 0.0016-x
Span drift Instrument stability Rectangular 0.0040-x
Zero drift Instrument stability Rectangular 0.17
Pressure P Pressure measurement  Rectangular 0.0002-x
Temperature T Temp. measurement Rectangular 0.0005x
H:0 interference Interference in the UV 0.0060-x
Other interferences Interference in the UV 0.6
Sampling loss (Inlet) Inlet material, dirt Rectangular 0.0014-x

" where x refers to ozone mole fraction

A conservative estimate of the total uncertainty can now be obtained by combing the
uncertainties of the ozone analyser (13), the transfer standard (12) and the primary reference (11).

(0;) = J(0.81) +(0.0089x 0,)* nmol mol” (14)

O3 measurement guidelines,
GAW Report Nr. 209, 2013

martin.steinbacher@empa.ch

Intercept vs. slope plot for 559 calibrations of various
ozone analysers with transfer standards within the Swiss
National Air Pollution Monitoring Network between
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Tarasick et al., 2019, Elemanta
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Practical examples



Do not delete negative values

Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal
will change the calculated averages.

Low concentrations, noisy analyzer

trace gas

T T
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Do not delete negative values

Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal
will change the calculated averages.

Low concentrations, noisy analyzer Low concentrations, less noisy analyzer
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Do not delete negative values

Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal
will change the calculated averages.

Low concentrations, noisy analyzer Low concentrations, less noisy analyzer
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Do not delete negative values

Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal
will change the calculated averages.

Low concentrations, noisy analyzer Low concentrations, less noisy analyzer
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Do not delete negative values

trace gas

Low concentrations, noisy analyzer

Low concentrations, less noisy analyzer
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Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal
will change the calculated averages.
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Do not delete negative values

Negative mixing ratios are impossible by definition but are still likely to be recorded by analyzer when the
atmospheric levels are lower than the instrumental noise. However, do not delete these numbers as a removal
will change the calculated averages.

Low concentrations, noisy analyzer Low concentrations, less noisy analyzer
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Do not change instrument parameters to often

Assumption: instrument with a changing background signal, determined by analysis of trace gas-free air
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Do not change instrument parameters to often

Assumption: instrument with a changing background signal, determined by analysis of trace gas-free air
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Do not change instrument parameters to often

Assumption: instrument with a changing background signal, determined by analysis of trace gas-free air

zero check
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Do not change instrument parameters to often

Assumption: instrument with a changing background signal, determined by analysis of trace gas-free air

zero check zero check
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Do not change instrument parameters to often

Assumption: instrument with a changing background signal, determined by analysis of trace gas-free air

zero check zero check
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If instrumental parameters will be changed after each calibration, additional noise my be introduced and a
reprocessing of the data will become more tedious. Moreover, careful documentation is required.

Alternatively an offline correction may be applied
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Flag data after changing the sample type

111111111222222444445555556666668888881111111 position
When changing from ambient air to calibration gas, or from one B S R e B
calibration gas to another, do exclude the first data after the change

to account for the transition time until a stable signal is reached.

CH4 [ppb]
1800 2000 2200 2400 2600

—

I |
N I
]
T

r—

450
I

—
|

400
1

|
o —

CO2 [ppm]

350
|

300
I

s o

. |
i
L e Fmieniaier bt
01:36 02:24 03:12 04:00
time [hh:min]

CO [ppb]
100 200 300 400 500
!

.

NIES technical training course, Tsukuba, November 2019

martin.steinbacher@empa.ch 9 E’rlpp‘a‘



Use target references

Target reference is a known sample which is
2019-7

considered tO be unknown and iS treated llke an quick look, mean calgas and target mixing ratios, DataLog_User_Sync

ambient air sample. Jun 23 Jul 03 Jul 13 Jul23  Aug02  Aug 12
| | | | |

CO2 ref10 [ppm]

Target references do not need to be of the 2 -
. N I =T
highermost hierarchy, thus, are usually less — ® i FoLbe—| g2
. g _ i ? i I ! SETS
expensive and can be used up faster. Therefore, S DRI
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Useful tools for data interpretation



Comparison with other measurements

Additional quality control

« participation in comparison (e.g. round robin) exercises
« comparison of data with data from «similar» stations
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Fig. 7.2 Monthly mean mole fractions of CO from
1992 to 2016 for each 30° latitudinal zone (dots) and
their deseasonalized long-term trends (red lines).

source: WDCGG Data Summary 42, 2018
https://gaw.kishou.go.jp/
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Comparison with other measurements

ppb

Additional quality control

« participation in comparison (e.g. round robin) exercises
« comparison of data with data from «similar» stations
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Fig. 44 Average seasonal cycles of CH, mole
fractions for each 30° latitudinal zone obtained by
subtracting long-term trends from the zonal mean time
series. Vertical error bars represent the range of t1c

calculated for each month (period 1984 to 2016).
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Comparison with other measurements

Data, Jungfraujoch
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Comparison with other measurements

Data, Jungfraujoch
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Data handling and analysis

Additional quality control

« participation in comparison (e.g. round robin) exercises
« comparison of data with data from «similar» stations

NOAA HYSPLIT MODEL

« use available online tools for trajectory calculations, e.g. Backer VAo 1 21 0500 UT 20 i 19

12UTC 27 Aug GFSG Forecast Initialization
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<
Qﬁ; Flextra - Air mass trajectories @
2
3
Sampling: 19-01-14 03:00 — 19-01-24 03:00 @
L5 B3 Surface footprint e ©
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B 3
z z 3
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8 N 3
2 8
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w 3 2
- 2 7205
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https://projects.nilu.no//ccc/ http://lagrange.empa.ch/ https://ready.arl.noaa.gov/hypub-bin/trajtype.pl
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Comparison with and use of models

d/services/gac/verif/grg/gaw/ gaw_station__ hiCarbon
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MACC GAW intercomparison Jungfraujoch Carbon monoxide January 2012
bias [ppb] IFS/MOZ AN: -29.5 IFS/MOZ FC:-28.7 IFS/TM5 FC:-16.3 MNbias [%] IFS/MOZ AN: -25 IFS/MOZ FC: -24 IFS/TMS FC: -12

.
400+

SUMMONTUBAEDTHU PRI SATSUNONTUENET HUFRISATSUMONTUBNEIYHU PRI SATSUMWONTUBNELTHU FRISATSUMMONTUE
1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 23 30 31

0BS: Observed data provided by Global Atmospheric Watch (GAW) stations. Station data have not been quality checked extensively.
IFS/TMS AN: Near-Real-Time forecast with IFS-TMS with assimilation
IFS/MOZ AN: Near-Real-Time forecast with IFS-MOZART with assimilation
IFS/MOZ FC: Near-Real-Time forecast with IFS-MOZART without assimilation
Jungfraujoch Data Provider: National Air Pollution Monitoring Network (NABEL) (Federal Office for the Environment FOEN and
Swiss Federal Laboratories for Materials Testing and Research EMPA)
Contact: DWD gical Of g, inf d
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Wrap up



What do we need for in-situ GHG observations?

M Air injet

O

O

Analyzer

NIES technical training course, Tsukuba, November 2019

martin.steinbacher@empa.ch 9 E’rlpp‘a‘ —



What do we need for in-situ GHG observations?

Central Database
Data use

mn.. .
Air inlet Data submission

O

IO

Analyzer

NIES technical training course, Tsukuba, November 2019

martin.steinbacher@empa.ch 9 E’rlpp‘a‘ —
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What do we need for in-situ GHG observations?
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Obstacles

= lack of consumables

= lack of spare parts

= lack of budget, lack of financial authority

= hierarchy issues within the organisation

= (long-term) commitment of the partner

= insufficient know-how

= distance to the headquarters

= unclear responsibilities within an institution
and among the partners

= fluctuation in staff

= language barriers

© ClipartPanda.com
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Conclusions & suggestions

= data sparse regions still exist, new measurements are highly welcome

= a comprehensive quality management framework exists

= awide range of data from observations and models are available online
» make use of it !
» profit from training opportunities and potential collaborations
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Training Opportunities E3

A_a(‘ § ‘9’?
https://www.gawtec.de/ ( [ &%
GAW
Global Atmosphere Watch - two courses per year il @Emea
s s . S
Training & Education Centre
Lo IF

\WTI
October 13th - 26th, 2019

Total Atmospheric Deposition
IS over..... B H

but GAWTEC will return with GAWTEC 38 in the
spring of 2020
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Conclusions & suggestions

data sparse regions still exist, new measurements are highly welcome
a comprehensive quality management framework exists
a wide range of data from observations and models are available online
» make use of it !

» profit from training opportunities and potential collaborations
need for more catchy information (like tick lists) is identified

You need:

v shelter v"instrument
V' power v cal gases
v A/C v" calibrator
v' internet v plumbing
v Voo

e.g., new CO2 measurement guidelines are in preparation
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