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Purpose of this guide-manual 
 

The GRUAN Manual (GCOS-170) and the accompanying GRUAN Guide to Operations (GCOS-

171) consolidate the essential framework for network operations, providing a comprehensive 

overview of measurement procedures and technical requirements. These documents establish 

mandatory operating protocols and guidelines designed to assist participating sites, the GRUAN 

Lead Centre, and the WG-GRUAN in achieving the network’s strategic objectives. 

The primary mission of GRUAN is to provide vertical profiles of reference measurements suitable 

for the reliable detection of global and regional climate changes. Furthermore, these 

observations serve as a traceable reference standard for the calibration and validation of 

satellite-based measurements of atmospheric Essential Climate Variables (ECVs). 

This document serves to update and refine the measurement practices and station requirements 

previously set forth in the existing Manual and Guide. It is intended to function as a unified 

access point to these technical specifications for all station operators and GRUAN stakeholders, 

ensuring consistency and streamlined implementation across the network.  
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1. THE GCOS REFERENCE UPPER-AIR NETWORK (GRUAN) 

In the framework of a tiered system for the global observing capabilities, reference observing 

networks provide metrologically traceable observations, with quantified uncertainty, at a limited 

number of locations and/or for a limited number of observing platforms, for which traceability 

has been attained (Thorne et al., 2017). A reference measurement result typically arises from a 

defined measurement procedure that involves standards traceable to national or international 

standards as maintained at National Metrological Institutes (NMIs). An additional requirement 

for a reference measurement is that the measurement method and associated uncertainties 

should be comprehensive and accepted by the user community as being appropriate for the 

application. 

The GCOS Reference Upper-Air Network (GRUAN) observations (GCOS-112, 2007), are required 

to provide long-term upper-air datasets that can be used to reliably monitor and detect emerging 

signals of global and regional climate change (Bodeker et al., 2016). For GRUAN, a reference 

measurement is one where the uncertainty of the measurement itself is carefully assessed. This 

includes the requirement that all known biases have been identified and corrected, and, 

furthermore, that the uncertainty on these bias corrections has also been determined and 

reported.  

 

Specifically, GRUAN is required to: 

• Provide long-term high quality climate data records; 

• Constrain and calibrate data from more spatially-comprehensive global observing 

systems (including satellites and current radiosonde networks), and  

• Fully characterize the properties of the atmospheric column. 

 

GRUAN distinguishes by the following aspects: 

• High-quality instrumentation; 

• Redundancy of measurements of climate variables at network sites; 

• Changes in the network managed in such a way that their non-climatic influences can be 

accurately adjusted for; 

• Real-time calibration and validation; 

• A Lead Center (LC) managing the network in conjunction with station operators; 

• Full adherence to the GCOS Climate Monitoring Principles; 

• Availability of complementary satellite measurements from other networks in a 

collocation database, to enable cross-calibration; 

• Generation of CDRs of upper-air Essential Climate Variables (ECVs, Bojinski et al., 2014) 

and ensure that any hiatus in satellite observations does not jeopardize the long-term 

record of changes in upper air climate; 

• Archival of data and metadata, and easy, free access to the users; 

• Close coordination with the user community. 

 

The GRUAN provides the best measurements currently available, securing anchor points for the 

global observing system for climate. To achieve this goal, GRUAN needs to complete its 

implementation at the global scale: the network is envisaged as a global network of 30-40 sites, 

although at the current stage 33 sites are identified, 14 of which have been GRUAN certified. 

Under the oversight of the Working Group on GRUAN (WG-GRUAN), at the core of the GRUAN 

organization we find the GRUAN LC, four Task Teams, a scientific coordination group and the 

GRUAN measurement sites, and all the processing centres hosting the production of the GRUAN 

Data products (GDPs). The organisation and design of GRUAN, along with the strategy proposed 

to complete the network implementation, is fully described in the GCOS GRUAN Implementation 

Plan 2024-2030 (GCOS-253, 2023) and outlined on the GRUAN website 

(https://www.gruan.org/network/about-gruan/structure-of-gruan). It is also summarized in 

https://www.gruan.org/network/about-gruan/structure-of-gruan
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Figure 1. Procedures, roles and responsibilities are detailed in the Terms of Reference for each 

of the GRUAN Task teams and for the WG-GRUAN. 

 

 
Figure 1. Schematic outline of the structure of GRUAN. 

 

2. THE GRUAN MEASUREMENTS 

To achieve these goals, sites within the network will provide vertical profiles of reference 

measurements of temperature, pressure, water vapour and other ECVs suitable for reliably 

detecting changes globally and for major climatically distinct regions. The uniformity and 

coherence of standard operating procedures at GRUAN sites and the resultant homogeneity of 

GRUAN climate data records not only provides a global reference standard for operational upper-

air network sites but improves the detection of climate changes in the troposphere and 

stratosphere. 

Measurements at GRUAN sites will also provide a reference for global satellite-based 

measurements of atmospheric ECVs. This facilitates the creation of seamless, stable, and long‐

term databases of satellite-based measurements suitable for climate monitoring. GRUAN may 

fill in gaps due to interruptions in satellite-based measurement programmes that can invalidate 

the long-term climate data record.  

In the context of other WMO observing systems, GRUAN serves as the climate reference and the 

backbone of the existing global operational upper-air networks, providing a foundation for 

improved interpretation of broader radiosonde networks. For example, the development of 

GRUAN Data Products (GDPs) for radiosondes, based on laboratory characterisation and 

multiple-payload soundings, includes the identification of instrumental corrections which can be 

extended to non-GRUAN stations to adjust quantifiable systematic effects eroding the quality of 

operationally processed data. 

At present, radiosonde (using different instruments) and Global Navigation Satellite System 

(GNSS) measurements are the techniques providing GRUAN Data Products (GDPs). However, 

additional measurement techniques, such as advanced hygrometers, lidars, and microwave 

radiometry, are expected to generate new GDPs in the future.  
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The continued implementation of GRUAN as a reference network, is laid down in the Action B1 

of the 2022 GCOS Implementation Plans (GCOS‐244, 2022). 

3. QUANTIFICATION OF UNCERTAINTIES AND MANAGING 

INSTRUMENTAL CHANGES  

To provide reference data series suitable for monitoring climate changes, all GRUAN observations 

must be reported together with an uncertainty budget.  

The three primary steps for managing measurement uncertainty in GRUAN are: 

• Describe/Analyse all sources of measurement uncertainty (GUM, 2008) to the extent 

possible (for both Type-A uncertainty, evaluated using statistical analysis of repeated 

measurements, while Type-B is determined through other methods like calibration 

certificates or technical specifications); 

• Quantify/Synthesize the contribution of each source of uncertainty to the total 

measurement uncertainty; 

• Verify that the derived net uncertainty is a faithful representation of the true uncertainty. 

 

Where all sources of Type‐A and Type‐B uncertainties have been identified, and biases and 

deviations corrected for, including the respective additional uncertainty contributions resulting 

from the corrections, the measurement uncertainty can be quoted as the dispersion of the values 

of the measurand about the declared measured value. As discussed above, where biases remain 

in the measurement, or where the net random dispersion in the measurement does not follow a 

Gaussian distribution, alternative methods and distributions for reporting the measurement 

uncertainty must be considered, following the metrological best practices (GUM, 2008). For 

every GDP research will be carried on to account for the vertical correlation of uncertainties. 

 

The GRUAN Lead Centre and/or the designated central processing facility for a data stream shall 

liaise with a GRUAN site in developing this uncertainty budget, as agreed with the relevant task 

team. The uncertainty shall be based upon the analysis of all the possible sources of uncertainties, 

adopting the same approach used with the GAIA-CLIM FP7 EU project based upon Product 

Traceability and Uncertainty (PTU) documents (https://www.gaia-

clim.eu/system/files/document/gruan_ptu_1.pdf). 

 

To reduce operational measurement uncertainties, optimal and harmonized standard operating 

procedures shall be identified by the GRUAN Lead Centre or relevant task teams and 

disseminated to all sites. This ensures that the quantitative description of sensor drift over time 

allows comparability of measurements at different sites for the same ECV. When identical 

instruments are deployed at multiple sites, they must use the same calibration procedures.  

 

The GRUAN Lead Centre shall be responsible for ensuring that estimates of measurement 

uncertainty are validated through suitable procedures developed by, or identified by, nominated 

task teams. The cross-checking of redundant measurements for consistency (Immler et al., 2010) 

is also an essential part of the quality assurance process and their combination must be pursued 

for verifying and reducing measurement uncertainties (Merchant et al., 2019; Madonna et al., 

2022) that have been evaluated a priori. It is also necessary to document how the lack of co-

location contributes to uncertainty in data products derived from spatially distributed sites. 

 

GRUAN shall operate such that changes in instrumentation, changes in operating procedures, 

changes in data processing algorithms and changes in operators do not introduce unidentified 

or unquantified temporal or spatial discontinuities or biases into GRUAN data products. When 

changing instrument types, operating procedures, or data processing algorithms, GRUAN shall 

develop and document or adopt the necessary procedures to fully characterize any systematic 

https://www.gaia-clim.eu/system/files/document/gruan_ptu_1.pdf
https://www.gaia-clim.eu/system/files/document/gruan_ptu_1.pdf
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biases between the old and new measurement systems so that adjustments can be made to the 

historical data to maintain a long-term homogeneous measurement series. An example of an 

approach to manage transition between two instruments is provided in Dirksen et al. 2020. The 

historical data may be subject to a dataset reprocessing following the procedures indicated by 

the GRUAN Lead Centre or a Processing Center and will be reflected in an appropriate increment 

in the data version. 

 

GRUAN also contributes to WMO official and other instrument intercomparisons to develop the 

in-depth understanding required to manage changes from one instrument to another and to 

inform decisions on the relative advantages and disadvantages of changing instrumentation 

(IOM-143, 2024). 

 

To the extent possible, the selection of different types of instruments and associated 

measurement techniques employed across GRUAN must prioritize those that, if commercially 

available, have demonstrated sufficient maturity for operation at reference sites. This should be 

based on various factors, including: 

• Results from literature and official intercomparisons (e.g. WMO, 2024); 

• Instrument heritage; 

• Sustainability of measurement systems; 

• Traceability of measurement uncertainty; 

• Information content; 

• Manufacturer support; 

• Site location; 

• Transparency of data acquisition; 

• Transparency of data processing for the instrumented candidate to the development a 

GDP for the instrument. 

This approach will help improve the temporal and spatial homogeneity of data products. However, 

every effort must be made to ensure that GRUAN operations are not dependent on a single 

instrument manufacturer. Specifically, it is crucial to use radiosonde types from multiple 

manufacturers to reduce the likelihood of bias or disruption caused by technical issues or 

production failures affecting the same radiosonde type. 

Where relevant to a particular measurement system, GRUAN sites shall recommend a SI 

standard for each primary environmental variable, e.g. a thermometer periodically calibrated to 

a National Metrology Institute or other accredited agency standard to ensure traceability to an 

SI standard, a calibration chamber for relative humidity, such as the standard humidity chamber. 

The GRUAN Lead Centre shall implement a mechanism to address the compatibility with the rest 

of the network of those systems not yet traceable to SI standards. 

4. DATA DISSEMINATION, USAGE AND REVIEW 

The GRUAN Lead Centre and centralized GRUAN data processing facilities maintain a long‐term, 

secure database of raw data from all instruments contributing measurements to GRUAN. The 

Lead Centre shall also maintain a centralized GRUAN metadatabase which holds all information 

pertaining to sites, measurement systems and instrumentation; specific properties of 

measurement systems used in GRUAN; details of the processing applied to GRUAN data streams, 

and all details related to product files. All measurements made with a specific instrument that is 

employed at one or more GRUAN sites shall be processed centrally, either at the Lead Centre, 

or at a designated central data processing centre. The Lead Centre shall also maintain a database 

of all versions of GRUAN data ensuring older versions of data may be accessible to all users of 

GRUAN data products. 

The current system for GRUAN data hosting relies on the data archive available through the 

GRUAN website, which is hosted and maintained by the GRUAN Lead Centre. This system offers 
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limited capabilities in terms of providing a modern, state-of-the-art graphical user interface and 

data portal functionalities, such as selection and filtering options. Various alternatives, primarily 

PANGAEA, are being considered to improve accessibility and facilitate proper citation, DOIs, and 

data usage tracking. Additionally, a failsafe backup of the GRUAN data archive is maintained at 

another facility within the network and synchronized with the GRUAN Lead Centre. Historically, 

the data archive was also hosted by NOAA-NCEI, and a portion of the GRUAN data holdings 

remains accessible via HTML (https://www.ncei.noaa.gov/pub/data/gruan/processing/level2/); 

however, this repository is not updated. 

GRUAN stations are registered within the WMO OSCAR and their operational data (not the GDPs) 

are also provided by most stations through the WIS. 

 

The essential data flow components in GRUAN are listed in summary below and are described in 

more detail in the following sections: 

• Collection –  measurement data and metadata (described in the GRUAN TN-3, 

https://www.gruan.org/gruan/editor/documents/gruan/GRUAN-TN-

3_EssentialSiteMetadata_v1.0.pdf) collected by sites and submitted to GRUAN Lead 

Centre;  

• Converting – original data files converted to a standardised format; 

• Processing – processing and re-processing of converted data, i.e. creation of the GDP, 

carried out by a processing centre; 

• Archiving – main data archive for all levels of GRUAN radiosonde data managed by the 

GRUAN Lead Centre (https://www.gruan.org/data/file-archive). 

• Distribution – provision of product files designated distribution points, and 

• Monitoring –  data flow monitoring generally performed by the GRUAN Lead Centre 

(https://www.gruan.org/data/measurements/current-data-flow). 

 

A data-level and user classification scheme is defined, where access privileges to particular data 

levels are defined for various user categories. 

5. DATA SUBMISSION 

The sites normally submit their data directly to the GRUAN Lead Centre, which defines and 

documents the required method of data transfer. As data processing for different instruments 

takes place at different GRUAN Processing Centres, specific submission paths can also be defined 

for specific instrument types. This is done in collaboration with the relevant Task Team and the 

relevant Processing Centre. 

 

For example, two specific tools are currently available for submitting data of balloon-borne 

soundings: the RsLaunchClient (RLC) and the GRUAN Tool RsLaunch (gtRsl). Both tools are 

provided by the GRUAN Lead Centre and are permanently maintained and further developed. 

See the detailed documentation in GRUAN-TD-3 

(https://www.gruan.org/documentation/gruan/td/gruan-td-3) and GRUAN-TN-6 

(https://www.gruan.org/documentation/gruan/tn/gruan-tn-6 ). 

6. DEVELOPING A GRUAN GDP 

The Technical Note 4 (GRUAN-TN-4) outlines the generic steps required to constitute a new GDP 

(https://www.gruan.org/documentation/gruan/tn/gruan-tn-4). To developing a GRUAN data 

product (GDP) for an instrument requires a comprehensive uncertainty analysis that includes all 

known sources of random error, has corrected for known systematic errors, and has documented 

those sources of uncertainty which could not be quantitatively accounted for. Profile 

measurements require uncertainty estimates for each measurement point on the profile.   

https://www.gruan.org/gruan/editor/documents/gruan/GRUAN-TN-3_EssentialSiteMetadata_v1.0.pdf
https://www.gruan.org/gruan/editor/documents/gruan/GRUAN-TN-3_EssentialSiteMetadata_v1.0.pdf
https://www.gruan.org/data/file-archive
https://www.gruan.org/data/measurements/current-data-flow
https://www.gruan.org/documentation/gruan/td/gruan-td-3
https://www.gruan.org/documentation/gruan/tn/gruan-tn-6
https://www.gruan.org/documentation/gruan/tn/gruan-tn-4
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7. GDP REPROCESSING 

The procedures surrounding the preparation of a GRUAN Data Product (GDP) have been long 

established (GRUAN-TN-4) and involve very substantive effort. Reprocessing of the GDP implies 

that the estimated data values and / or their uncertainty quantification differ from previous 

versions. This also implies that a new data version is released. 

8. DATA POLICY 

The GRUAN data policy is described at https://www.gruan.org/data/data-policy.   

9. STATION AND MEASUREMENT REQUIREMENTS 

 GRUAN site requirements 

GRUAN measurement targets are in line with the requirements set in the GCOS requirements 

(GCOS-245) for the ECVs provided with the available GDPs (https://www.gruan.org/data/data-

products). 

 

However, it must be acknowledged that meeting these requirements is a challenge for 

contemporary operational or scientific instruments, whether from commercial suppliers or 

developed by research institutions (IOM-143, 2024). 

 

The primary goal of GRUAN and its main added values compared to other initiatives is to provide 

traceable measurement with a comprehensive quantification of the uncertainties. Therefore, 

GRUAN may also provide a GDP for instruments not able to meet the GCOS requirements but 

only if these can be characterized in terms of traceability and uncertainties. These two pillars 

shall guarantee that each GDP will convey a clear picture of the quality and of the capability of 

each instrument to characterize over the time the variability and trends of an ECVs. 

 

Under these premises, the GDP will be classified upon their capability to meet or not the GCOS 

requirements and this aspect will be clearly described within the TD associated to each GDP.  

This will provide guidance to users while also ensuring GDP availability in regions where the 

instruments available may not be the highest-performing. This approach will facilitate 

improvements in these instruments and offer a comprehensive characterization of the 

observations. In contrast to other data archives, where data are either used without 

understanding the underlying issues or discarded after comparison, this will ensure a more 

thorough and informed use of the data.  Ultimately, during the development of a GDP or the 

certification process, unsolvable issues arise in the data processing related to instrumental 

effects that consequently influence the measurement quality, or issues that cannot be resolved 

using the practices recommended in the GUM or any recognized best practices from the scientific 

community working with upper-air measurements. In this case, the WG-GRUAN, based on a 

suggestion from the GRUAN Lead Centre or another developing centre, will deliberate on the 

proposed solutions to ensure that the resulting data can still be used to produce a GDP, or, if 

necessary, to determine the impossibility of developing a reference product for that instrument 

type. 

 Station requirements 

GRUAN stations are certified upon the verification of the following requirements by the WG-

GRUAN. The mandatory requirements for sites reflect GRUAN’s primary goal of providing 

reference quality observations of the atmospheric column and are: 

 

https://www.gruan.org/data/data-policy
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• Installation and operation of instruments according to the best practice elaborated by the 

GRUAN Lead Centre and the GRUAN task teams, described in the GRUAN TD for each 

GDP; 

• Calibration of ground/instrument traceable to an SI unit or to an internationally accepted 

standard, independent of the manufacturer, for any instruments that provide vertical 

profiles extending from the surface. For the site using automatic launchers a specific 

procedure is under implementation;  

• Readily accessible documentation of the measurement process and the derivation of the 

measurement uncertainty with a preference for publications in the peer‐ reviewed 

literature;  

• Validation of the measurement and its uncertainty e.g. through intercomparisons with 

redundant observations (validation of the uncertainty is generally achieved through 

comparison against other recognized reference observations);  

• Availability of complete metadata that provides sufficient information to fully describe the 

context of the measurement. This necessarily includes the raw data and sufficient details 

of the processing chain. Copies of calibration certificates shall be submitted to the GRUAN 

metadatabase;  

• Access to raw data and calibration information and assure long‐term storage of the same, 

when not practical for the GRUAN Lead Centre or developing centre, either at the site, at 

another GRUAN facility, or at another internationally accessible archive, in accordance 

with the GRUAN Data Policy document; 

• Annual reports to the GRUAN Lead Centre; 

• Change management. 

 

These requirements define GRUAN’s unique nature while accommodating the diverse capabilities 

of sites within the network. Instrument developers, GRUAN task teams and the GRUAN Lead 

Centre cooperate to allow the sites to provide estimates in a consistent manner for a given 

instrument across the network.   

 

To provide a high-quality data product and a backbone to the wider baseline and comprehensive 

networks, such as GCOS Upper-Air Network (GUAN), a programme of regular, year‐round, high 

quality radiosonde measurements shall be maintained. The nature of this programme at each 

site will be negotiated with the GRUAN Lead Centre, and will depend on: 

• the availability of suitably skilled staff at the site;  

• contingencies, due to technical or funding constraints (e.g. for temperature and humidity, 

the radiosonde measurements with the lowest uncertainty are obtained in the dark); 

• scientific motivation, such as the involvement of GRUAN sites within other networks or 

international programs, with pre-defined measurement protocols and scheduling. 

 

The programme of operations of remote sensing systems at a site will be agreed with the GRUAN 

Lead Centre and reported in the annual update. 

 

Other activities are seen as appropriate for a station of a reference network, such as conducting 

laboratory or measurement experiments for improving measurement accuracy, managing 

change proactively (Dirksen et al., 2020), participating actively in the work of the task team of 

site representatives, and actively communicating with the GRUAN Lead Centre, WG-GRUAN, task 

teams and/or other sites (e.g., through attendance at meetings, conferences, etc.). These 

mandatory operating protocols are expected to enable the sites to achieve the highest data 

quality possible, setting the standard for state-of-the-art upper-air measurements in line with 

the measurement requirements discussed in the next section. 
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 GRUAN upper-air measurements requirements 

GRUAN reference measurements are very well characterized, with strict traceability and 

comparability, and robustly quantified uncertainties. The measurements are actively managed 

and curated, and envisaged as a sustained contribution (Thorne et al., 2017). 

 

The GCOS requirements (GCOS-245) set the criteria for the stability and uncertainty 

measurements that must be taken to ensure that the climate signal can be captured and are 

considered the target for the collection of reference measurements. Despite the significant 

advancements made with the improved technologies, atmospheric measurements are not always 

able to meet the GCOS requirements (IOM-143). 

 

The concepts of time sampling, measurement uncertainty and range, and redundancy are 

fundamental for all GRUAN sites. However, it must be acknowledged that not all sites can run 

the same number of measurement programs, which may affect the spatial homogeneity of the 

information provided by the network. While this is a limitation for some sites, a reference 

network may rely on a core group of fully equipped stations, complemented by other sites that 

meet the minimum requirements for contributing to reference measurement programs. This 

structure ensures sufficient spatial representativeness of measurements across different 

atmospheric regions. Literature (e.g., Weatherhead et al., 2017) has demonstrated that, in the 

UT/LS, depending on the climate region, a single station can be representative of the climate 

variability over thousands of square kilometres. 

Therefore, while it is recommended to always exceed minimum requirements, GRUAN sites will 

be classified into two tiers: 

Tier-1 - Fully equipped sites that must provide, on a routine basis, the following measurements: 

• Redundant triple measurements of all GRUAN priority 1 and 2 ECVs, including: 

o Twice-daily radiosonde measurements of temperature, pressure, and humidity up 

to 10 hPa (Fujiwara et al., 2025); launch times should preferably be at 00, 06, 12, 

and 18 UTC, or at 00, 06, 12, and 18 local solar time (LST), with a preference for 

LST. The launch time 00 and 12 UTC shall be preferred and kept stable over the 

time. Other profiling techniques can be considered (e.g. lidar) 

o If a site conducts four launches per day, on days with relevant satellite overpasses, 

the 06 and 18 UTC launch times should be adjusted to maximize overlap with the 

satellite overpass. If this is not feasible, dedicated launches should be considered.  

o Until formal requirements for GRUAN sites to include surface measurements are 

developed, high-quality surface measurements and current weather data must be 

provided in the submitted files, using available instruments at the site, made 

according to WMO guidelines (WMO‐no. 8), including traceability to SI standards, 

providing a ground‐truthing for vertical profile measurements.  

• At least monthly observations of the vertical water vapor profile up to 10 hPa. Given the 

relatively low natural variability of the lower stratosphere, these profile measurements 

should be made when practical and when the altitude coverage can be maximized. 

• Hourly observations of integrated precipitable water vapor. 

 

At all fully equipped sites, the following measurements are also recommended:  

• Weekly ozone profile measurements. 

 

For characterizing global climate variability, the WG-GRUAN-and the GRUAN Lead Centre must 

ensure adequate coverage by Tier-1 stations. This coverage should be based on the sites 

currently available in the network and supported by scientifically sound studies (similar to 
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Weatherhead et al., 2017) that assess the minimum number of observations required to capture 

a climate signal across different spatial regions and vertical ranges of the atmosphere. 

 

Tier-2-Sites that must provide, on a routine basis, the following measurements: 

• One weekly production radiosonde using the best technology available at the site. 

• One monthly sensitive hygrometer capable of capturing the moisture signal in the UT/LS, 

along with all other priority 1 variables, should be launched to the highest possible 

standard with available technology. This should be launched alongside the weekly 

radiosonde at sites identified by the GRUAN Lead Centre to ensure global 

representativeness, in addition to Tier-1 sites, while also considering the sustainability of 

the measurement program at each GRUAN site. While not mandatory for all Tier-2 

stations, the monthly water vapor measurement with a radiosonde for monitoring content 

in the UT/LS is highly recommended for all Tier-2 sites. 

• At least twice-daily observations of integrated precipitable water vapor. 

• Double redundant measurements of all GRUAN priority 1 and 2 ECVs, where feasible. 

 

At all sites, Tier-1 and Tier-2, the following are also recommended:  

• Dual launches of sondes with the highest quality humidity sensing capabilities in the 

UT/LS (e.g., launching the monthly radiosonde together with a second sonde that can 

also measure water vapor in the UT/LS), following the recommendation reported in the 

GRUAN TD-7. 

• Periodic intercomparisons of a broad range of sonde types. 

 

10. EXPANDING TO INCLUDE ADDITIONAL UPPER AIR ESSENTIAL 

CLIMATE VARIABLES 

Currently, GRUAN focuses on the measurement for the so-called “priority 1“ ECVs, such as 

temperature, humidity, and pressure. However, the network aims to offer a more comprehensive 

dataset including several ECVs, named “priority 2”. Wind, ozone, and radiation are of primary 

interest. In the future also aerosol, cloud and other trace gases products will be considered. 

More information on the priority 1 and 2 variables are reported in the GRUAN Implementation 

Plan (GCOS-253).  

Expanding GRUAN's capabilities will also support satellite calibration and validation, ensuring 

more accurate remote sensing data. The integration of new ECVs will require collaboration with 

the cooperative networks with already established data products which may be improved, in 

terms of traceability and characterization of uncertainties, to become a GDP. 

11. QUALITY CONTROL AT THE INSTRUMENT/SITE LEVEL 

The GRUAN quality management policy is based on: 

• Laboratory tests and intercomparisons, fundamental for establishing and confirming 

uncertainty estimates for GRUAN data products.   

• Field experiments particularly useful for assuring the quality of GRUAN data products.   

• Publication in the international peer reviewed literature of GRUANs methods, data, 

underlying analyses and scientific rationale for decisions made.  

• Establishment of close working relationships with instrument manufacturers, metrologists 

through National Metrological Institutes, and the BIPM (Bureau International des Poids et  

Mesures). 

• Sites’performance monitoring, under responsibility of the LC supported by other 

specialists. 
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The purpose of quality management is to ensure that GRUAN data meet the requirements in 

terms of uncertainty, resolution, continuity, homogeneity, representativeness, timeliness, 

format etc. for their intended use, at a minimum practicable cost. The GRUAN quality control 

system shall include procedures that add to the measurement and quality control process to 

prevent the errors from recurring.  

 

A facility (e.g. forum or github) that allows data users to report potential problems found in 

GRUAN data shall be designed and implemented. 

12. GRUAN-TD AND GRUAN-TN REPORTS  

The following relevant GRUAN-TD and GRUAN-TN Reports are available at 

https://www.gruan.org/documentation/gruan  

 

• GRUAN-TD-3: User Guide of GRUAN RsLaunchClient, M. Sommer, v0.7 (2014-02-05) 

• GRUAN-TD-7: Review of Multiple-payload Radiosonde Sounding Configurations for 

Determining Best-Practice Guidance for GRUAN Sites, Jauhiainen et al., v1.0 (2019-01-

25) 

• GRUAN-TD-8: GRUAN Characterisation and Data Processing of the Vaisala RS41 

Radiosonde, Sommer et al., v1.0 (2023-06-28) 

• GRUAN-TN-3: Essential Meta-data of New GRUAN Stations, M. Sommer et al. (GRUAN 

LC), v1.0 (2015-10-21) 

• GRUAN-TN-4: Guidelines on Requirements for the Initial Development of a GRUAN Data 

Product, P. Thorne, v1.0 (2016-04-21) 

• GRUAN-TN-5: Procedures for (Re)certifying a GRUAN Measurement Programme at an 

Existing GRUAN-Certified Site, G. Bodeker, v1.0 (2016-04-21)  

• GRUAN-TN-6: Brief Description of GRUANToolRsLaunch (gtRsl), M. Sommer (GRUAN LC), 

v1.0 (2020-08-24) 

• GRUAN-TN-13: User Guide for the RS41 GRUAN Data Product Version 1 (RS41-GDP.1), 

Sommer et al., v1.0 (2022-11-21)  

• GRUAN-TN-14: GRUAN Policy on Silent Sites, Dirksen et al., v1.0 (2023-09-26) 

 

  

https://www.gruan.org/documentation/gruan
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Acronyms 
 
AOPC            Atmospheric Observation Panel for Climate 

BIPM             Bureau International des Poids et  Mesures 

DOI  Digital Object Identifier 

ECV  Essential Climate Variable 

GCOS  Global Climate Observing System 

GCOS SC       GCOS Steering Committee 

GDP              GRUAN Data Products 

GNSS            Global Navigation Satellite System 

GRUAN  GCOS Reference Upper Air Network 

gtRSL            GRUAN Tool RsLaunch  

GUAN            GCOS Upper-Air Network 

INFCOM         The Commission for Observation, Infrastructure and Information Systems 

IOC               The Intergovernmental Oceanographic Commission of UNESCO 

IP  Implementation Plan 

ISC               International Science Council 

LC  Lead Centre 

LST               Local Solar Time 

NCEI              National Centers for Environmental Information 

NMI               National Metrological Institute 

NMS  National Meteorological Service 

NOAA  US National Oceanic and Atmospheric Administration 

RLC               RsLaunchClient 

SI                 The International System of Units 

UNEP             United Nations Environment Programme 

UTLS  Upper Troposphere and Lower Stratosphere 

WCRP            The World Climate Research Programme 

WG-GRUAN Working Group on GRUAN 

WIGOS  WMO Integrated Global Observing System 

WIS              WMO Information System (WIS)  

WMO   World Meteorological Organization 

WMO             OSCAR  WMO Observing System Capability Analysis and Review Tool 

 



 

 

GCOS Secretariat 

Global Climate Observing System 

c/o World Meteorological Organization 

7 bis, Avenue de la Paix 

P.O. Box No. 2300 

CH-1211 Geneva 2, Switzerland 

Tel: +41 22 730 8067 

Fax: +41 22 730 8181 

Email: gcos@wmo.int 
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