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1.  Background 
 

Observations of the chemical-physical state of the atmosphere are fundamental for 

understanding climate change, air pollution and associated effects on health and ecosystems. 

In particular, high quality data from representative monitoring sites in rural areas allow the 

study of how pollutants are distributed over regional and global scales. Such information is 

available from a wide range of efforts ranging from research campaigns applying novel 

techniques to long-term monitoring programmes undertaken under the co-ordination of 

international conventions. Thus, constituent observational data have a very wide range of 

spatial and temporal scales. Observations used in combination with chemistry transport 

models provide insight into connections between key processes such as emissions, dispersion, 

transformation and deposition. Further, observation data provide information that helps 

quantify trends in response to changes in emissions. Examples of key assessments based on 

observational databases include the IPCCs Assessment reports, the AMAP Arctic Climate 

Impact Assessments, the Convention on Long-Range Transboundary Air Pollution 

(CLRTAP) Assessment reports and the European Environment Agency State of the 

Environment Reports. 

 

This project is within the scientific discipline of “Atmospheric composition research”. The 

goal is to develop further an already established database to comply with emerging 

international standards. The database (hereafter called “EBAS”) will be made available and 

used by a large national and global community of users. The scientific database will 

contribute to the facilitation and structuring of national research in the area of atmospheric 

composition, and it will contribute to securing the international lead position of the 

Norwegian research community involved in this discipline. 

 

2.  Vision and scientific goals 
 

There is a long-term goal to secure the use of the EBAS database as a key component in a 

“one-stop-shop” for accessing atmospheric composition data, an ambition which explored 



through the activities such as the GEOmon project (www.geomon.eu) and the WMO 

GAWSIS activity. We judge this to be a realistic goal due to the long-term funding for basic 

operations available through the CLRTAP EMEP protocol having a strong emphasis of 

observational data also in the strategic plans for the period 2010-2019 (see www.emep.int). 

There is also commitment from other international conventions operating with a long-term 

perspective. The efforts comply with NILUs internal strategy to maintain its position to be the 

world lead in relation to interactive databases, and there will be significant additional funding 

available from contractual work as well as internal institutional support.  

 

In the short term, there is a goal to demonstrate how the data infrastructure can be developed 

to support model validation initiatives and data assimilation processes conducted by national 

and international scientist. There are also short-term scientific goals to support science 

assessments in progress related to intercontinental transport of air pollutants (see 

www.htap.org) and the 5
th

 IPCC assessment report. The effort will contribute towards 

improving the integration of data relevant for air quality with greenhouse gases and other 

species affecting the radiative properties of the atmosphere. These topics have traditionally 

been addressed by two separate communities internationally, and the availability of such data 

in a more easily available database will significantly strengthen the research capabilities. 

 

3.  Description of the Research Infrastructure 
 

The EBAS database has been developed and maintained by NILU with a heritage from the 

seventies and contains unique records of observations from European monitoring stations, 

mainly from rural areas. The data quality is well known and measurements have been 

performed according to standards developed and maintained by NILU through its role as 

EMEP-CCC (European Monitoring and Evaluation Programme - Chemical Coordinating 

Centre, http://www.emep.int). EBAS is currently the official data archive for all observations 

from the EMEP programme, and also serve as repository for the atmospheric part of the 

AMAP, HELCOM and OSPARCOM programmes. The database is an essential tool for the 

Parties to the CLRTAP reporting obligations to the EMEP steering body. The database has 

later been applied in a number of research oriented projects (e.g. www.eusaar.net) and was 

recently populated with observations from a large number of regional monitoring efforts on 

the global scale. This work was funded by the European Commission (DG ENV) as a service 

contract, and these efforts enabled the database to become a main tool for providing data to a 

large group of international users (for details please visit www.htap.org). 

 

A suite of tools have been developed to support the QA/QC process and for extracting 

statistical information. These tools are developed in ANSI-C and are command line programs 

run on a Sun Solaris server. Only NILU internal people have access to these tools. Recently, a 

web interface has additionally been developed (http://ebas.nilu.no) to allow also external users 

to search for and retrieve data from the database, and the current project will provide further 

developments and maintenance of this system. The main aim of this effort is to improve the 

usefulness of the database for atmospheric modelling purposes. The project is therefore not 

focusing on developments of the actual EBAS database, but rather to develop further the 

interfaces that are needed for effective operation by its current and future users. Tools and 

methods requested by the modelling community will be especially prioritised, and 

requirements on standards and functionalities from the INSPIRE and SEIS frameworks will 

be given attention and taken into account whenever relevant.  
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The potential further development and content population of the EBAS database will be 

handled by other continuous efforts. The proposed schedule of the development to be 

undertaken is specified in detail in section 10. Besides administrative issues, deliverables 

include: 

 

1. Routine for export of data in new formats 

2. Routine for creation of data aggregates and statistical derivatives 

3. Module to allow mass download of files and scheduled data transfer 

4. Improvements of performance of the EBAS web interface 

5. Improved online data visualisation capabilities 

6. Improved Quality Assurance module for Near Real Time data 

 

The daily maintenance and operation of the EBAS infrastructure is funded by the EMEP 

programme and ensure a long-term commitment from the United Nation to sustain the data 

archive. This operation includes user support and personnel to handle all data ingestion and 

quality assurance of the observations, and the operation will continue also after the end of the 

currently proposed project. No additional procurement of hardware (servers, storage, backup, 

etc.) is to be expected for the proposed project. 

 

3.1 Routine for export of data in new formats 

The main identified user group of the currently proposed infrastructure (or further developed 

infrastructure) is the atmospheric modelling community who require data for validation and 

assimilation purposes. NILU will therefore assess the needs of this community and initiate a 

dialogue with them in order to find suitable data transfer formats for their work. Currently, the 

EBAS database is able to export data to the NASA-Ames 1001 ASCII format which is easy to 

read and understand for humans, but is not always suitable for data reading routines or 

efficient data transfer. It is therefore necessary to develop additional file export formats for 

EBAS. This will be initiated through the first user workshop that is planned early on in the 

project (see section 6 for further details) and it will be decided how to best serve the user 

communities needs. Some of the most likely candidate data formats and metadata conventions 

are described below.  

 

The Climate and Forecast (CF) metadata standard has been created by the modelling 

community in order to establish a common naming convention and is designed to promote the 

processing and sharing of files stored in the netCDF file format. The netCDF-CF standard is 

continuously being developed and has in recent years become a main format both for model 

output and input files in the atmospheric modelling area. The standard is covers mainly the 

needs for archiving of model data and is not well developed to store observational data with 

all the necessary metadata needed to specify instrument and measurement station 

characteristics, influence on measurements from surrounding emission sources, etc. The 

netCDF file format is compatible with the NCSA HDF 4 and 5 formats which are commonly 

used by the Earth Observation community. In addition to the technical developments that are 

needed for the programming of the tool, a major effort is required to translate the ~800 

component names in the EBAS database into the CF-standard. This includes active 

participation in the CF-standardisation group and suggestion/discussion on possible ways to 

define all the required component names.  

 

Another emerging standard is the GEOMS (Generic Earth Observation Metadata Standard) 

standard which is currently being developed through jointly by ESA, NASA, BIRA-IASB, 

NILU, NDACC and S&T. This format is a further development of the metadata standard 



developed by NILU for the Envisat Validation Data Centre (EVDC) and is specifically target 

at archival of atmospheric composition measurement for the purpose of satellite validation. 

The standard is being developed for HDF format, but other formats (such as netCDF) may 

also be used. Compared to the netCDF standard, the standard is much more targeted toward 

observational data, but it is currently best developed for groundbased remote sensing 

instruments – especially upper troposphere and stratospheric measurements. Some adaptation 

of the GEOMS standard is therefore necessary to sufficiently cover the needs to store data 

flags from the EBAS system and other metadata elements that are needed (EBAS contains 

mainly groundbased in-situ data). A drawback of the GEOMS standard is that modellers are 

generally not familiar with it and they will need some time to adapt their reading routines etc. 

 

A third alternative is to develop custom made formats, e.g. a simple ASCII format that 

contains only a limited amount of metadata and flags. Such formats could be made relatively 

compact and easy to interpret for the model groups. The main drawback is that such formats 

tend to be difficult to maintain and the limitation in metadata makes the data difficult to 

interpret unless the user is familiar with the standard. netCDF-CF and GEOMS-HDF are, 

however, self describing formats that does not require additional metadata for use.  

 

It is likely that more than one of the above mentioned options (or other alternatives, if wanted 

by the users) are implemented. The work will include development of new routines at the 

EBAS infrastructure, but will also include further developments of the relevant standard to 

properly take the EBAS data into account. It is suggested to deliver new export format 

capabilities twice, once in month 9 of the project and then in month 35. An estimated effort of 

7 person-months is required to develop routines for export of data in new formats. 

 

3.2 Routine for creation of data aggregates and statistical derivatives 

EBAS currently contains more than 40000 datasets, each dataset being a time series of one 

component at a monitoring station. Each datasets commonly contains data for 10 – 30 years 

(with temporal resolution between 1 hour and 1 day) and the database therefore contains 

millions of records of observational data. The EBAS web interface currently features simple 

statistical routines to extract min/max values of a dataset, but more advanced routines will be 

developed to allow calculation of daily, monthly and yearly averages (including methods to 

calculate average concentrations in precipitation samples where it is necessary to include the 

amount of precipitation in the calculations). Seasonal averages (e.g. average values for 

summer months only through a number of years) may also be considered. It will be possible 

to calculate other statistical derivatives (percentiles and distribution characteristics). 

 

The statistical routines will be available through web interface and will reduce the need for 

downloading massive amounts of data just to calculate average values. An estimated effort of 

4 person-months is required to develop these routines. 

 

3.3 Module to allow massive download of files and scheduled data transfer 

The current EBAS web application allows users to search for data and download zip-folders 

containing ASCII files. This works fine for download of tens and a few hundreds of files, but 

it is not practical for download of larger amounts of data. The current system furthermore 

does not handle such data amounts very well and the web server response is slow. A new and 

improved data download module is therefore suggested. This will be developed to allow data 

ordering, and users will not have to sit and wait for the system to respond while the files are 

being prepared. Users will be notified (e.g. email) when the files are ready. The module 

should also contain methods for scheduled data ordering and allow users to extract files on a 



regular basis. This is especially interesting for the NRT (Near Real Time) data that are being 

submitted to EBAS every hour, and it should be possible for users to order download of file 

e.g. every week. The download module will support any of the existing or proposed file 

formats. 

 

An estimated effort of 7 person months is required to develop the download module. 

 

3.4 Improvements of performance of the EBAS web interface 

The current web interface (http://ebas.nilu.no) is operational and subject to continuous 

development. However, there is a need to improve the performance of the web site and to 

reduce the response time of the database queries. There is furthermore a need to manage users 

in a more automatic way than today method where manual registration by NILU personnel is 

required to allow new users access to protected areas. Online registration and acceptance of 

data access policies for new users will enable a much wider use of the data since no manual 

interference is required by NILU personnel and no time-delay is experienced by the user. 

EBAS contains data from 20-30 national and international projects and many of them are 

associated with a data policy that must be accepted by the user before he/she is allowed to 

download. These policies are commonly implemented through data sharing protocol that must 

be signed (also online signatures can be accepted) by the users. The improved EBAS web 

interface therefore has to manage a large number of online protocols and keep track of who 

has signed up for what.  

 

An estimated effort of 8 person months is required to improve the EBAS web interface to 

better serve the user community. 

 

3.5 Improved online data visualisation capabilities 

The current EBAS web interface features simple plotting tools to visualise timeseries of 

datasets. Some specialised plots for special aerosol instruments (nephelometer and dmps) 

have been developed, but there is a need for additional functionalities. The plotting tools 

should allow users not only to browse through datasets, but also to perform online analysis of 

data. Plots that visualise the statistical output calculated by the module described in 3.2 will 

be developed. This includes plots of statistical distributions (including percentiles), but also 

so-called dot plots where averages of measurements are shown as dots on a map and the 

colour of the dot indicate the value. Such plots may be used directly for reporting and 

publication purposes. Plotting routines should furthermore be able to visualise simple 

calculations such as total wet deposition amounts (which is based on multiplication of 

precipitation concentration with precipitation amount) and specialised plots for 

meteorological data (e.g. wind rose) should be developed. 

 

An estimated effort of 5 person months is required to develop the plotting routines. 

 

3.6 Improved Quality Assurance module for Near Real Time data 

The EBAS database has traditionally only been used to archive validated datasets submitted 

several months and years after the measurements were made. Recently, the database has been 

developed to also accept data in Near Real Time (NRT), and a special module has been set up 

to read incoming files and to ingest data in the database. The module checks files for 

correctness in format, but nothing more. So far, only a limited number of measurements from 

11 globally distributed stations are available in NRT, but EMEP has an ambition to expand its 

NRT data acquisition programme in coming years. It is therefore suggested to develop the 

EBAS NRT module further and to implement sophisticated Quality Assurance (QA) 

http://ebas.nilu.no/


procedures for these preliminary measurements. These QA procedures will be based on 

simple statistical rules and screen data from peaks (too sharp increase in the value as a 

function of time), outliers (data outside a min/max range), repeating values (when the same 

value appears several times in a row there is normally a problem with the instrument or data 

logger), etc. In addition to these rather simple rules, more complex QA procedures will be 

introduced. These are based on auxiliary data that are provided along with the main 

parameters upon data submission. Information on instrument performance may be derived 

from detector voltages, air flow rate, internal instrument temperature and humidity, lamp 

current (for some optical measurements), etc. These instrument diagnostics may be used to 

both screen data, but also to perform modifications to data (e.g. scale values according to 

know behaviour of the instrument). Similar information may be derived from auxiliary data 

on outdoor humidity, temperature, wind, wind speed, stability, etc.  

 

The work on developing improved QA routines does not require a lot of additional 

programming, but substantial amounts of work are required to develop the algorithms to be 

included in the NRT module. This must be done in close collaboration with the data providers 

and the algorithms must be adapted to each individual measurement parameter. An estimated 

effort of 5 person months is required for the developments. 

 

4. Description of host institute NILU 
 

The proposed activity will entirely be conducted by NILU. This is due to the fact that the 

database is already well established and that there is in-house competence related to all 

required efforts foreseen. NILU has nearly 40 years experience related to database 

development and data archival and serves as an international data centre for a number of 

conventions and research projects. NILU has been awarded responsibility for database 

development and operations in more than 50 different research projects funded by the 

European Commission Framework Programmes. The most recent development is the 

engagement to serve as the World Data Centre on Aerosols (http://www.gaw-wdca.org/) 

under the auspecies of the World Meteorological Organization (The EBAS infrastructure is 

used for this purpose). 

 

Norwegian Institute for Air Research (NILU) is an independent non-profit research 

foundation with 175 employees (75 scientists) and annual turnover €17M. NILU conducts 

environmental research on sources of airborne pollution, atmospheric transport, 

transformation and deposition, forecasting of long term emission of greenhouse gases, 

exposure assessment, effects of pollution on ecosystems, human health and materials, 

including economic assessments. NILU carries out approximately 250 projects each year. 

NILU plays a central part in preventive environmental research and provides strategic 

knowledge to the public environmental administration. NILU ensures the quality standard of 

data in national and international monitoring networks and is custodian to national librarian 

and database services. NILU gives advice and support to other institutes and laboratories on 

methods to be used in measurement/monitoring and analysis. Over the years NILU has 

undertaken many tasks as co-ordinator for international environmental research projects and 

has since the 4th FP of the EU participated in more than 100 EU-FP projects. 

 

Key personnel of the current project include Kjetil Tørseth (Director of Department for 

Atmospheric and Climate Change, and he is EBAS Principal Investigator), Aasmund Fahre 

Vik (Senior Scientist and responsible for coordination of database activities at institute level).  

 

http://www.gaw-wdca.org/


5. Project management 
 

EBAS is hosted at and managed by NILU and NILU is the only partner in the project. Project 

coordinator Kjetil Tørseth is responsible for all deliverables and work packages/tasks as 

described in section 3. Aasmund Fahre Vik will lead the day to day work on the project and 

will also be project leader at institute level. He will design the different technical components 

of the new infrastructure and collaborate with system developers and other scientists on the 

implementation and application of the infrastructure.  

 

Daily operation of the EBAS infrastructure is currently funded by UN-ECE through the 

EMEP monitoring programme. The project will last for three years and will improve the 

interfaces to EBAS and make the already existing infrastructure more suitable for use in 

model validation and data assimilation. When the project is finished, the operation of the 

EBAS infrastructure and its improved interface will continue to be funded for EMEP 

purposes. The operation of the EBAS infrastructure is at the heart of NILU strategy and it has 

been a central activity for the institute nearly since it was founded. Operation of and further 

sustaining its databases and data management activities is defined as a core objective in the 

long term strategy (2009 to 2012) for NILU.  

 

6. Plan for access and use, data and knowledge management  
 

The EBAS database and its web interface are currently available to everybody and no user 

registration is needed for access to publicly available data. While data from some monitoring 

programmes are restricted to a small number of people only, most non-public data are 

available on request by users. A full description of data from all public and non-public 

campaigns, programmes, projects, etc. are available at the web site (http://ebas.nilu.no). Data 

policies for usage of data are already defined for the different datasets available in EBAS. In 

most cases, data is free to use for any non-commercial purpose, but it is advised to include 

data originators as co-authors in publications if the use of data is central in the scientific 

work/finding.  

 

To facilitate increased awareness of and to provide information on the EBAS infrastructure, a 

user workshop will be arranged at NILU during the first three months of the project. This will 

allow for interaction with potential users and promote a wider use of the services offered by 

the data archive. Furthermore, NILU will be able to get some feedback on the plans for 

developments of tools, statistical modules, etc. A similar workshop will be arranged towards 

the end of the project (tentatively January 2014, month 27), with a stronger focus on 

presenting the developed infrastructure.  

 

EBAS handles time-series of atmospheric measurements and contains a complex collection of 

observations, but the data volumes are relatively modest. Data storage and back-up facilities 

are provided by NILU without any cost for the infrastructure project.  

 

7. Time-schedule and deliverables 
 

It is suggested to start the project 01.11.2011 and duration of 36 months is foreseen. As 

previously described, 8 technical deliverables and two user workshops are planned in addition 

to administrative reporting to NFR.  

 

http://ebas.nilu.no/


Table 1: The following deliverables are suggested. 
Deliverable Title Delivery date (Month 1 – 36) 
1 1

st
  Workshop report  February 2012 (M4) 

2 Improvements of performance 
of the EBAS web interface 

May 2012 (M7) 

3 Routine for export of data in 
new formats (1

st
 round of 

formats to be supported) 

July 2012 (M9) 

4 Routine for creation of data 
aggregates and statistical 
derivatives 

October 2012 (M12) 

5 First annual report  November 2012 (M13) 

6 Module to allow mass download 
of files and scheduled data 
transfer 

February 2013 (M16) 

7 Improved online data 
visualisation capabilities 

June 2013 (M20) 

8 Second annual report November 2013 (M25) 

9 Improved Quality Assurance 
module for Near Real Time data 

December 2013 (M26) 

10 2
nd

 Workshop report  February 2014 (M28) 

11 Routine for export of data in 
new formats (2

nd
 round of 

formats to be supported) 

September 2014 (M35) 

12 Final report November 2014 (M37) 

 

All technical deliverables will be described in the annual/final reports (more frequent if 

needed). These will also include status of development and include test results. Information 

on interaction with users and usage statistics will also be included. 

 

 


