THE GRUAN MANUAL

Version 1.0.0.7

Pur pose of this M anual

The GCOS Reference Upper Air Network (GRUAN) manual dess standardized operating
protocols, data reduction methods, meta-data collectiah,data dissemination which shall be
employed among participating sites and the GRUAN Lead r€eat achieve the goals of
GRUAN. These goals are agreed between GCOS (Globah®@i@bserving System) and WMO
(World Meteorological Organisation). The primary goalsS&®®UAN are to provide vertical pro-
files of reference measurements suitable for relidblgcting changes in global and regional cli-
mate on decadal time scales, initially for temperatpressure and water vapour, with the aim of
expanding to other essential climate variables (EC\&yesources permit, in liaison with other
existing scientific networks. The measurements will proadealibrated reference standard for
global satellite-based measurements of atmospheric B@Ngnsure that potential gaps in satel-
lite measurement programmes do not invalidate the long-¢kmmate record, and will be a refer-
ence standard for the measurements made within thengxSCOS Upper Air network, and will
provide data to fully characterize the properties of theapheric column.

The GRUAN manual establishes mandatory practices andtmgepaotocols (distinguished by
use of the words ‘must’ or ‘shall’) having the status afuieements in a technical resolution,
which it is necessary that sites within GRUAN foll@wimplement. It defines the requirements
for GRUAN site operations, including requirements on uaaely and long-term stability. In this
way the manual establishes the philosophy under which GREIN operate and informs cur-
rent and future GRUAN sites of the expectamtius operandi for GRUAN. The manual recog-
nizes that GRUAN is a heterogeneous network that inclsitles from both the research commu-
nity and the operational meteorological community. fandatory practices required of GRUAN
sites as detailed in this manual, reflect GRUAN’s pringwal of providing reference quality ob-
servations of the atmospheric column while accommoglahie diverse capabilities of sites within
the network.

Relevant information from this manual will be incorgedainto the WMO Manual on the Global
Observing System (WMO-No. 544) and the Guide on the Globakrving System (WMO-No.
488). GRUAN observing systems and operating practices wilefeered to in the WMO Guide
to Instruments and Methods of Observation (WMO-No. 8) hisgddocument will be linked to the
relevant scientific documentation for the specialisentific sounding systems. A GRUAN sta-
tion may be a scientific observing site outside of tfHd@Voperational Global Observing System,
but the long-term observational procedures shall folleavghidelines laid down in this GRUAN
manual whether it is primarily a scientific site onather it is already part of the Global Observ-
ing System, and the WMO Manuals shall reference thesgiges.

This manual defines the principles that are intended &rctdihe development of the methods,
techniques and processes needed to achieve the stated fgGR4$JAN. Where possible, the
document does provide more in-depth detail on specific rdetbgies, and these shall be appro-
priate for incorporation into, or referenced by, the WMQdBuo Meteorological Instruments
and Methods of Observation. The manual is supported byes of technical documents listed on
the GRUAN web site at http://www.gruan.org.
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1. Introduction

The development and current operation of the GRUAN owtvs described by a number of dis-
tinct but often overlapping documents, including GCOS-11206@21, GCOS-134, GCOS-
140, web-based material, reports from GRUAN task teamspapers published in the interna-
tional peer reviewed literature. The purpose of this maisu® provide a comprehensive docu-
mentation of information essential to the ongoing opmraif GRUAN

2. The purpose of GRUAN

2.1.As detailed in GCOS-112, the purpose of GRUAN shall be to:
i) Provide long-term high quality climate records;

i) Constrain and calibrate data from more spatially-cohgamsive global observing sys-
tems (including satellites and current radiosonde netwaaksl);

i) Fully characterize the properties of the atmosphexlienen.
GRUAN should also provide observations in near read-t{idRT; within 2 hours) for in-

corporation in meteorological analysis, provided thiswas detrimental to achieving the
primary purposes of the network, as defined above.

2.2.A fully compliant GRUAN station shall make at ledstubly redundant measurements of all
GRUAN priority 1 and 2 essential climate variablasd, specifically:

i) Four times daily radiosonde measurements of temperguessure and humidity,
submitted in NRT to the WIS;

i)  Weekly ozone profile measurements; and

i) Monthly water vapour profile measurements.

iv) Hourly observations of integrated precipitable water vapour.

All measurements shall comply with the mandatory prdsosommarized in Section 8 of

this manual and expanded on further in Section 5.3 of RidAN Guide to Operations.
2.3.Minimum entry level requirements for a GRUAN sitelutte:

i)  Weekly radiosonde measurements of temperature, pressiieimidity;

i)  Weekly ozone profile measurements; and

i) Monthly water vapour profile measurements. Where seveRIJAN sites are located
within close proximity, individual site flight schedulsbould be coordinated to share
the burden of making these measurements.

All measurements shall comply with the mandatory prdsosommarized in Section 8 of
this manual and expanded on further in Section 5.3 of RidAN Guide to Operations.
3. Organisation and design of GRUAN
3.1. GRUAN will operate under the joint governance of GC@8 WMO (Figure 1).

! vertical profiles of temperature, pressure, water vapwind speed and direction, and ozone.
Vertical profiles of aerosol attributes including optidalpth, total mass concentration, chemical
mass concentration, scattering, and absorption. Metbtalmmns. Surface net radiation, incoming
short-wave radiation, outgoing short-wave radiatimmtoming long-wave radiation, outgoing

long-wave radiation, and radiances. Cloud properties imgudloud amount/frequency, base
height, layer heights and thicknesses.
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3.2.Working oversight of the network will be performed by B€0OS Working Group on
Atmospheric Reference Observations (WG-ARO), incotjpagarepresentatives from
relevant WMO technical commissions including, but not kehito, Commission for In-
struments and Methods of Observation (CIMO), the Casimn for Basic Systems
(CBS), the Commission for Atmospheric Sciences (CABich oversees the Global At-
mosphere Watch, GAW), and the Commission for ClineafpCCI) .

3.3.A GRUAN Lead Centre agreed to by GCOS and WMO, willdgponsible for integrat-
ing best practices into GRUAN operations, managing thearktsystems, and data man-
agement.

3.4.GRUAN sites shall use a designated system of methecsyijues and facilities, imple-

UNEP ICSU | WMO

W\

WCRP*| | GCOSSC CIMO/CBS/CAS/CCI

Reporting Guidanc Reporting
Guidance on Sci- Guidance on
ence/Research AO PC Operational
Requirements ; Requirements
for GRUAN Reportind Guidance for GRUAN
(GRUAN & WIGOS
WG-ARO" e
Reporting Guidance
Task Analysis Lead Centre Measurement
Team: Sites™
Notes
1. WCRP identifies scientific and research requirememt& RUAN, while WMO identifies operational re-
quirements.

2. Composition of WG-ARO to be determined by the AOP€@oinsultation with WMO and should include:
* one representative from each of CIMO, CBS, CAS anl tB€se representatives will be responsible
for reporting back to their respective Technical Consioig
»  others (according to its Terms of Reference)
3. WG-ARO reports to AOPC
4. GRUAN Measurement Sites are contributed by Membersh®©wW

Figure 1: Schematic outline of the structure of GRUAN.
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mented for making and archiving best quality atmosphericleroliservations, from the
surface to the middle stratosphere or higher, at spdotations distributed globally. At
any site, this system shall not be changed without addamut#fication of the Lead Cen-
tre, followed by a process of managed change under tbargpa of the Lead Centre.

3.5.GRUAN network operations shall incorporate an assuranogrgrone to validate the
stability and uncertainty of the measurements, agregdWit-ARO, and managed in de-
tail by the GRUAN Lead Centre.

3.6. GRUAN shall be responsive to the latest technologindl scientific progress in meas-
urement techniques and observational climate requiremBetvelopment work can con-
tinue at a site until mature and validated, when it coalthtvoduced into GRUAN opera-
tions with the agreement of the WG-ARO.

I mplementation of GRUAN

4.1.The implementation of GRUAN shall be guided by the WGEAR

4.2. Specific activities in support of GRUAN operations sh&lundertaken by GRUAN task
teams, as agreed by WG-ARO. These task teams willierdperational and other rele-
vant expertise in support of GRUAN.

4.3.A GRUAN Analysis Team for Network Design and Operatidtesearch (GATNDOR)
shall undertake focused, short-term research to addres$icspepics identified by the
WG-ARO relevant to the design of GRUAN and its operai The work will be con-
ducted in coordination with other relevant GRUAN tasktgea

4.4.The WG-ARO shall agree on appropriate methods for edtaigisstandard operating
procedures for observing systems within GRUAN. This could bew task team, an in-
strument mentor, or an existing instrument team withiero#ssociated WMO or other
network projects/operational groups.

4.5.The GRUAN Lead Centre shall identify sites where imsgnt operators need training,
and organise cost-efficient training courses for the nétvad appropriate locations, as
advised by the appropriate body, to encourage uniformity efuiment operation be-
tween sites.

4.6. All activities associated with the implementationaoGRUAN site shall be the primary
responsibility of the country hosting that site anduthoas far as possible, be met
through national funding.

Partner networks

5.1. GRUAN will not operate in isolation of existing networst shall collaborate and liaise
with existing networks to leverage skills and expertise abkal from those networks,
avoid undue duplication of effort, and ensure that GRUAN gabducts are tailored to
best meet the needs of partner networks.

5.2. The WG-ARO will work in close coordination with the gwaing bodies of partner net-
works with respect to the development of GRUAN openatiparticularly at the GRUAN
sites where GRUAN operations coincide with other nektvaperations. Specifically, the
WG-ARO shall then identify methods of improving liaisoithppartner networks to en-
sure close communication between GRUAN and those nkswarticularly at the expert
team level.

5.3.Where possible, GRUAN will identify, adopt, and extendatessary, tools and method-
ologies that have been developed in existing networkls daa serve the needs of
GRUAN. In particular, data QA/QC procedures developed istieag networks shall,
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where suitable, be adopted in GRUAN. Where networkswamking towards QA/QC
procedures, GRUAN should partner with these networks telolesystems that meet the
operational requirements of both parties. Where GRUEMelops QA/QC techniques
that improve upon those used elsewhere, those techniquebewslhared with partner
networks.

5.4.The GRUAN Lead Centre shall identify methods to acoesasurement databases from
partner networks to enable cross-calibration with GRUA&asurements and to quantita-
tively link GRUAN measurements to similar measuremengéslenwithin partner net-
works.

5.5.The WG-ARO shall establish close connections to thevaat satellite technical pro-
grammes, such as SCOPE-CM (Sustained, Co-OrdinatedsBimgeof Environmental
Satellite Data for Climate Monitoring), and other prodgeheration and validation pro-
grammes. WG-ARO members will be assigned to liaise kathclients within the satel-
lite community to ensure that GRUAN data products ateréal, where possible, to best
meet the needs of this community.

5.6. GRUAN shall be operated in such a way that homogenéityeasurements across the
network will ensure that significant site specificfeliences between GRUAN data and
those from satellite-based instruments do not resuth the GRUAN data products.

5.7.GRUAN shall provide a reference-standard that will seagea common baseline for
splicing satellite-based measurement time series tbecckaate data records (CDRS).

5.8. GRUAN shall collaborate with the WMO SCOPE-CM prognaento generate CDRs of
upper air ECVs and in this way contribute to Action C10 defineghe GCOS implemen-
tation plan (GCOS-92) viz. 'Ensure continuity and oegr-bf key satellite sensors
...undertaking reprocessing of all data relevant to cliff@téenclusion in integrated cli-
mate analyses and reanalyses'.

5.9. The WG-ARO must establish active links to the followingiper networks:

i)  GUAN (GCOS Upper Air Network)

i)  GAW (Global Atmospheric Watch)

i)  NDACC (Network for the Detection of Atmospheric Compios Change)
iv) SHADOZ (Southern Hemisphere Additional Ozonesondes)

v) ARM (Atmospheric Radiation Measurement) Programme

vi) BSRN (Baseline Station Radiation Network)

vi) AERONET (AErosol RObotic NETwork)

6. Reference measurements and managing change

6.1. All GRUAN measurement systems shall make referencetguagasurements, i.e. that
at a minimum, the uncertainty on the measurement (imgucbrrections) has been de-
termined, the entire measurement procedure and set ofspimagelgorithms are prop-
erly documented and accessible, and that every effonade to tie the observations to
an internationally accepted traceable standard.

6.2. For GRUAN measurement systems making vertically resbllmeasurements, meas-
urement uncertainties shall also be vertically resobteth that each measurement in a
profile is treated as a single measurement resulirreguoth the measurement and its
uncertainty.
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6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

6.9.

The methods by which the measurements are obtained a&ndlatla products de-
rived shall be documented and archived for future referemteeprocessing as neces-
sary. Meta-data shall be archived that describe howndasurements were made, which
corrections were applied, and what changes occurre@ imskruments and the data re-
duction algorithms during the observation and post-observagriods.

GRUAN shall operate in a way such that changes in ingtntattion, changes in operat-
ing procedures, changes in data processing algorithms and champesators do not
introduce unidentified temporal or spatial discontinuitiesbiases into GRUAN data
products.

When changing instrument types, operating procedures, ompoatassing algorithms,
GRUAN shall develop and document or adopt the necessacgqures to fully charac-
terize any systematic biases between the old and newuraesent systems so that cor-
rections can be made to the historical data to maiatdamg-term homogeneous meas-
urement series. The procedures used shall be informed st bentific investigations
including a detailed understanding of the error limitatiorthe instrumentation in use.

Data reduction processes and data archiving within GRUAN Bealesigned such that
reprocessing of historical data can be easily and quakiglucted i.e. that the original
raw data can be efficiently reprocessed, as requiredrnod single homogeneous time
series.

Every reprocessing generating a new homogeneous time sea# be reflected in an
increment in the data version and such updates shall benwoicated to users who
have accessed earlier versions of the data and megisie receive notifications of up-
dates.

GRUAN shall work with CIMO, CBS and HMEI to make marttfarers aware of
GRUAN’s needs and to understand the constraints onumstit performance that
manufactures face.

GRUAN shall work with CIMO to encourage and coordinate umatnt intercompari-
sons to develop the in-depth understanding required to mahagges from one in-
strument to another and to inform decisions on the relatx@ntages and disadvan-
tages of changing instrumentation.

Measurement uncertainty

7.1.

7.2

7.3.

The three primary steps for managing measurement und¢gita@RUAN are:

i) Describe/Analyze all sources of measurement uncertainty to the extessilge.

i)  Quantify/Synthesize the contribution of each source of uncertainty to tbel
measurement uncertainty.

i) Verify that the derived net uncertainty is a faithful represtén of the true uncer-
tainty.

All GRUAN observations must be reported togethemhvah uncertainty budget. The
Lead Centre and/or the designated central processingtyfashiall liaise with the

GRUAN site in developing this uncertainty budget, as abmith the relevant task
team.

The uncertainty in the latitude, longitude, altiiude antetcoordinates associated with
each measurement must also be considered when identifyihdescribing sources of
measurement uncertainty.
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7.4.

7.5.

8.2.

8.3.

8.4.

8.5.

8.6.

8.8.

8.9.

To reduce operational measurement uncertainties, optaradard operating procedures
shall be identified by the GRUAN Lead Centre and disseteintn all sites making that
particular measurement and adopted where practical, wjtlexceptions clearly docu-
mented and justified.

The Lead Centre shall be responsible for ensuringe$tanates of measurement uncer-
tainty are validated through suitable procedures developedrhgentified by, nomi-
nated task teams. The cross-checking of redundant meastiseioreconsistency is also
an essential part of the GRUAN quality assurance pso€&smbining redundant meas-
urements into a single GRUAN data product can reduce tant#es on the derived
product.

. Site assessment and Certification
8.1.

Site assessment and certification falls within theédase of the WG-ARO together with
the GRUAN Lead Centre. Site assessment and cerircahall be consistent with the
guidance developed and standard agreed with CIMO (WMO-Nond8C8S (WMO-
No. 488).

Sites propose specific measurement programmes forimelusGRUAN and it is these
that will be required to conform to the operating proteatdfined in this document and
in the GRUAN Guide to Operations, and will be agreedppsapriate for GRUAN by
the WG-ARO. Proposed measurement programmes will tbentbasis for assessing the
added value that the site brings to the network.

The WG-ARO will exercise its discretion in evalugtithe proposed inclusion of a site
against the criteria defined in this document and in the GRGAIde to Operations.

To identify potential operational anomalies early, siel be reviewed annually. A
typical review will include consideration of the GRUAMNesannual report and an as-
sessment of data from the site.

Where site assessments identify measurement programatesonhsistently fall short of
GRUAN operating standards, GRUAN certification of theggramme (see Section 5.6
of the GRUAN Guide to Operations) will be suspended.

If all measurement programmes at a site lose theldAWRcertification, the site will be
suspended from the GRUAN network.

GRUAN sites shall:
8.7.

Provide reference quality observations, including uncestastimates for each datum.
Profile measurements require uncertainty estimategdoh measurement point on the
profile.

Provide access to raw data and assure long-term stdrdgeraw data either at the site,
another GRUAN facility, or at another internatiogadccessible archive.

Provide complete meta-data for each measurement.

8.10.Perform regular traceable pre-launch ground checks ftoamaborne systems and re-

cord the results. Other instruments which provide e@rfprofiles extending from the
surface require regular checks to assure correctiomatiqer

8.11.Provide redundant reference observations of the ECMsted for measurement at the

site at intervals sufficient to validate the derigatiof the uncertainty on the primary
measurement as agreed with the GRUAN Lead Centre.
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8.12.Provide annual reports summarizing GRUAN operations aitbe

8.13. Conduct measurement programmes with an operational pbifgsaf continually striv-
ing to sustain the measurement quality at a given |ehielprovements to measurement
accuracy can be obtained, these need to be documentéldeanaldoption agreed with
the Lead Centre.

8.14.Manage changes in instrumentation, operating procedurdspracessing algorithms
pro-actively to avoid the introduction of spatial or tempdrases in GRUAN data
products.

8.15. Actively communicate with other GRUAN groups such aslibad Centre, WG-ARO,
task teams and/or other sites, (e.g. through attend&meeedings, blog postings etc.).

Once a site has committed to operating a set of measatgmmogrammes under these protocols
the added value that a site brings to GRUAN will be ation of:

8.16.The extent to which a site can fulfil the measuremewigqammes expected of a
GRUAN site, as defined above and in the GRUAN Guide ta&ipes.

8.17.The extent to which the site measurement programmesdpraneasurements in re-
gions, or of atmospheric phenomena, which were not preyisashpled.

8.18. The extent to which a site brings unique observatiomdloa analysis capabilities to the
network as a whole and the likelihood of being able wpagate those capabilities
across other sites in the network.

8.19.The extent to which a site is prepared to forgo locadiiablished operating procedures
and adheres to the standard operating procedures establisthedeyad Centre.

8.20. The availability of historical measurements that confowrthe GRUAN standard or that
can be processed in such a way that they conform @GRWWAN standard.

8.21.The extent to which a site can commit to a multi-degadgramme of measurements.

8.22.The extent to which a site can provide redundant obsengabf the priority one vari-
ables (temperature, pressure and water vapour).

8.23.The extent to which a site is capable of measuring &Rass identified in GCOS-112
as being desired quantities.

8.24.The level of institutional support for the site and cotnment to maintaining long-term
reference quality measurement programmes.

8.25.The level of institutional support for the site (and anstrga institutions) to undertake
fundamental scientific research of the measuremeots the site and other GRUAN
sites.

Certification of GRUAN sites will not be a singleent. In addition to the regular annual review,
periodic (e.g. every 3-4 years) complete auditing ofnlleasurement programmes included in the
GRUAN certification for a site shall be conducted nswee that the programmes continue to meet
GRUAN standards.

9. Instrumentation

9.1. Periodic (every 3-4 years) reviews of instrumentationylike be of use within GRUAN
should be undertaken by all task teams with an instrufoens. A written review sub-
mitted to the Lead Centre can then inform discussicataelto deployment of new in-
strument types across the network.
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10.

9.2.

9.3.

9.4.

9.5.

9.6.

9.7.

9.8.

9.9.

9.10.

To the extent possible, the number of different typesnstruments and associated
measurement techniques employed across the network mustib@zed to encourage
homogeneity of data products and to reduce administratieeghead. However, every
effort must be made to ensure that GRUAN operations@ireependent on a single in-
strument manufacturer. Specifically, for radiosonde cowdles, it is essential to use
instruments from more than one manufacturer to mimrthe likelihood of disruption
to GRUAN operations from production failures, introduced@kvesses in the radioson-
des, or changes in manufacturing procedures.

A number of factors guide the selection of instrumentsi$e in GRUAN including, but
not limited to, instrument heritage, sustainability efasurement systems, robustness of
uncertainty, information content, manufacturer suppod, sate location.

Redundancy in measurement systems at sites shall é#eausalidate derived measure-
ment uncertainties, and to detect any unresolved chamgks systematic bias between
observing systems. The cross-checking of redundant meamiterfor consistency
shall be an essential part of the GRUAN quality asseranaocedures

Independent measurements of the same (or related) earsill be reported in a con-
sistent way.

Where a cluster of instruments at different locatiezneperating as a single GRUAN
site, robust scientific analysis of the resultamré@ase in apparent measurement uncer-
tainty must be undertaken. Any method used to simulate heasurements made at
one location would translate to measurements madeo#tiariocation introduces addi-
tional uncertainty. It is necessary to clearly docuntexw the lack of co-location con-
tributes to the net measurement uncertainty. It mesteloy clearly indicated which ob-
servations are made from each location, and the datddshot be merged as though
they were all from one location.

Operational procedures should be harmonised across the SRidfwvork so that a
measurement of a given parameter at one site is cavipaas far as the stability of the
equipment allows, to a measurement of the same varmaldedifferent site. When two
identical instruments are deployed at two different sitesy shall also use the same
calibration procedures.

Where relevant to a particular measurement system, GRUifes shall maintain a
“‘GRUAN site working standard” for each basis unit, e.ghe@rmometer periodically
calibrated to a National Metrology Institute or otherradéed agency standard to en-
sure traceability to an Sl standard.

The Lead Centre shall implement a mechanism to addresotpatibility with the rest
of the network of those systems not yet traceab#d siandards.

Each station shall maintain accurate meta-data reemdiprovide these to the GRUAN
archives. Copies of calibration certificates shall dodmitted to the GRUAN meta-
database.

Measurement Scheduling

10.1.

To provide a high quality data product and a backbone to GUAIhgramme of regu-
lar, year-round, high quality radiosonde measurementst&hemaintained. For tempera-
ture, the most reliable radiosonde measurements aaeethtin the dark. The nature of
this programme at each site will be negotiated with_&eed Centre, and will depend on
the availability of suitably skilled staff.
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11.

12.

10.2. The programme of operation of remote sensing systemsit¢ will be agreed with the
Lead Centre and those sites which are included in GRUAIduse of the deployment
of specialised systems (balloon-borne, or remotelgesBn may be allowed to fly lower
numbers of radiosondes than those sites making coxescedie measurements.

10.3. Schedules of twin radiosonde flights for assurance p@are to be agreed with the
GRUAN Lead Centre. For example, the schedules faygactil site may be different for
those at mid-latitudes and there will be a limit on menber of cross-checking flights
required in mid-latitudes given the need to conserve lkihfiteancial resources.

Data Management

11.1. Different levels of GRUAN data must be defined to dgtiish between different vari-
ous steps in the processing of a GRUAN data product. The NR&&® real-time data)
product specifies measurements made at a GRUAN siteegsed with automated
techniques, for near real-time dissemination on the WIMIS. Because these data will
not have been subjected to the time-intensive QA/QC gdwes employed within
GRUAN, are not labelled as ‘GRUAN data’.

11.2.Dissemination of GRUAN data products to end-users/custoshais occur through an
official GRUAN data centre hosted at NCDC (Natio@diimatic Data Center). NCDC
will be accessible through the WIS.

11.3.A GRUAN data dissemination policy shall be developed aneéradhto to protect the
publication rights of the generators of measurementsvithibut compromising the free
sharing of the data.

11.4. GRUAN sites shall commit resources to the managemehiramtenance of meta-data.
Incomplete, outdated, or inaccurate meta-data can loetasental, indeed in some
cases worse, than no meta-data at all.

Post Processing Analysis and Feedback

12.1.Users of GRUAN data must always document the verdiaiata used to ensure that the
analyses can be independently replicated. Key to thisgsowill be the ability to make
users aware of updated versions of data sets that thegysly accessed, now becom-
ing available.

12.2. A facility that allows data users to report potentiag® or anomalies found in data dur-
ing analyses of the data must be designed and implemented.

12.3. The GRUAN quality control system should include procedtoeteeding back into the
measurement and quality control process to prevent thesdrom recurring.

13. Quality Management

13.1. The GRUAN quality management policy shall achieve allefvdata quality that allows
the primary goals of GRUAN to be met for all potentisgdngsof GRUAN data products.

13.2.Laboratory tests and intercomparisons are fundamemedhods for establishing and
confirming uncertainty estimates for GRUAN data products.

13.3.Field experiments are particularly useful for assurirgggbality of GRUAN data prod-
ucts.

13.4.The use of GRUAN data in meteorological reanalyses atids to the assurance of
GRUAN data quality since the measurements, with theietainties, can be tested for
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comparability with the data assimilation model valueannassimilation setting within
the known internal variability of the system.

13.5.The purpose of quality management is to ensure that GRUAN rdeét the require-
ments in terms of uncertainty, resolution, continuitgmogeneity, representativeness,
timeliness, format etc. for their intended use, atr@mm practicable cost.

13.6. Establishing close working relationships with instrument rfacturers will also be cen-
tral to quality assurance within GRUAN.

13.7.Performance monitoring within GRUAN will primarily bbd responsibility of the Lead
Centre, but where other specialists may be co-optedsistas performance assess-
ments.

References

GCOS-112, GCOS Reference Upper-Air Network (GRUAN): Justifm, requirements, siting
and instrumentation options. WMO/TD-No0.1379, 2007.

GCOS-121, GCOS Reference Upper Air Network (GRUAN): Repbthe GRUAN Implemen-
tation Meeting, Lindenberg, Germany, 26-28 February 2008.

GCOS-134, GRUAN Implementation Plan 2009-2013. WMO/TD No. 1506, 2009.

GCOS-140, Report of the Second GCOS Reference Upper awoxelmplementation and Co-
ordination Meeting (GRUAN ICM-2), WMO/TD No. 1526, 20009.

11



