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Short description of work: 

One area where metrology has amongst the highest potential impact for industry and society is 
the Environment. This has been identified in this iMERA task (T3.1), where partners have 
interacted with EURAMET and European metrology stakeholders, and builds on the historical 
findings of previous iMERA tasks 1.2 and 2.1 as well as earlier projects such as the EU project 
METROPOLIS.  The present report details the findings of the iMERA “environment” 
stakeholder workshop held in Borås, Sweden on 17th and 18th October 2007. The workshop 
invited the opinions of individual stakeholders such as industry, trade associations, the scientific 
community, regulators, standardisers, accreditors and other research funding agencies and end 
users. The stakeholders were heard for their measurement research views in the following areas 
of environmental concern: Transportation; Industrial production; Energy sector; Global warming; 
Environmental monitoring & regulation and Emissions trading across a range of environments 
such as water, air, soil, food, waste and so on. The final deliverable of the Workshop is a set of 
recommendations for R&D priorities for Environmental Measurement in the European Metrology 
Research Programme (EMRP). 
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EXECUTIVE SUMMARY 
An important part of the formulation of the European Metrology Research Programme (EMRP) is to 
include recommendations from external stakeholders about priority areas of research. Within the EU 
ERA-NET project iMERA “Implementing Metrology in the European Research Area”, a series of 
workshops addressing Metrology needs and measurement priorities in metrology areas judged to have 
the highest potential impact for industry and society has been held by iMERA partners. Previous to the 
current event, workshops have been held in the areas of health and energy.  
 
This report details the findings of the third iMERA workshop, addressing the  Environment where the 
measurement research views of stakeholders were gathered in the following areas of environmental 
concern: transportation, industrial production, energy sector, global warming, environmental 
monitoring & regulation and emissions trading, across a range of environments such as water, air, soil, 
food and waste. The final deliverable of the Workshop is a set of recommendations for R&D priorities 
for Environmental Measurement in the European Metrology Research Programme (EMRP). The 
output of this report is a proposed text formulating a special programme on metrology in the 
Environmental sectors, suitable for inclusion in an updated EMRP given in section 3.5 of this report. 
  
The iMERA Environmental Stakeholder Workshop was held in Borås, Sweden on 17 -18 October 
2007, with 32 participants, comprising of 18 stakeholders (who gave presentations and participated in 
panel debates) and 14 experts (9 iMERA task team members, 4 non-task NMIs and the BIPM). The 
stakeholders presented review-type talks arranged into a series of five sessions: Water monitoring; Air 
and Particle Emission monitoring; Remote Sensing; and Energy & the Environment. Each session 
consisted of two or three stakeholder talks followed by a discussion in plenum of environmental and 
metrology R&D challenges, where the stakeholders ideas were captured. 
 
Key Measurement Research Requirements for the Environmental Sector: 
The key findings have been divided into four principal environmental areas - air, water, soil and the 
biosphere - categories commonly used by researchers in the environmental sector. It should be noted 
that these requirements are representative of the stakeholders present, and other views may exist in the 
wider community 

Air 
There were two major areas of concern raised during the workshop related to the air environment: 
 
1) Climate modelling & global warming: 
·  Improved measurements of greenhouse gases: specifically water vapour (H2O), carbon dioxide 

(CO2), methane (CH4), ozone (O3) and nitrous oxide (N2O). 
·  Measurement of these species is needed both in lab-based equipment and mobile facilities. 
·  Improved data uncertainties from satellite based microwave-sounders and infrared-sounders for 

measurement of atmospheric temperature, sea surface temperature and atmospheric humidity. 
·  Establish a European component of a ground based reference network for ground truth of 

operational satellite observations, with metrological traceability established for all measurements 
(remote and in-situ) – linked to initiatives such as WMO GRUAN  

 
2) Air quality, including particulate sensing: 
·  Independent validation of data sources to enable comparison between data sets. 
·  Improved data fusion and visualisation, perhaps linked to widely available public geographical 

software such as GoogleEarth©. 
·  Improved pollution flow modelling. 
·  Accurate monitoring of pollutants including nitrous oxide (N2O), carbon monoxide (CO), carbon 

dioxide (CO2), and sulphurous compounds including sulphur dioxide (SO2). 
·  Verification of next generation cheap multi-parameter wireless sensors. 
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·  Adequate metrological traceability of atmospheric absorptions profiles tied to precise geographical 
locations and timing. 

·  Traceable measurements for particulate matter (PM) particularly PM2.5 and PM10, required 
measurements include size, concentration, morphology, chemical speciation, PM fraction, soluble 
and insoluble fraction- important for health, peak emission in rapidly changing emission patterns, 
and average daily measurements. 

·  Small reliable field instrument are require for in-situ measurement of PM emission coupled with 
metrological traceability able to demonstrate comparability between lab and field data. 

·  Dry PM standards are required, e.g. soot generators. 
·  Improved modelling, and computational statistic to better understand the conglomeration of 

particulate matter in air (including Brownian coagulation) leading to improved control of particulate 
matter. 

·  Improved modelling and computational statistics to better understand photo-chemical nucleation 
and nano-particles effects on weather, e.g. fog and cloud formation. 

·  Measurement of particulate matter in humans to develop exposure and dosimetry guidelines. 
Particularly measurement of the cellular and epidemiological effects of small particles, modelling of 
cellular / epidemiological transport of small particles. 

 
Water  
·  Reliable and traceable standard measurement methods for chemical and biological species in 

water. This is particularly important for parameters included in the EU Water Framework Directive 
(WFD) e.g. dissolved oxygen, turbidity. Specific requirements are: 

·  More reliable pH meters with improved stability in effluent and natural waters. 
·  Reliable methods for comparability of flow meters with different geometries. 
·  Reliable and traceable measurements of new-emerging water pollutants e.g. endocrine disruptors, 

medicinal drugs and bi-products, and biological agents including allergens. 
·  Measurement techniques for low hydrocarbon (oil) concentrations. 
·  A Europe wide proficiency testing QA/QC standard for measurements of water quality, proving 

comparability of lab and field based measurements. 
·  Improved data fusion and visualisation, perhaps linked to widely available public geographical 

software such as GoogleEarth©. 
·  Enhanced instrument stability to permit increased time between calibrations. 
·  Standards for particulate matter dissolved in water (some standards already exist but more are 

required). 
·  Improved remote sensing of sea surface temperature and wave height crucial for input into 

environmental models. 
·  BRDF (bi-directional reflectance distribution function) data for water in various states of turbidity 

and waves, suitable for satellite data. 
 
Soil 
·  Reflection and absorption spectra from a wide variety of surfaces both at ground level (so called 

“ground truth” data) and from satellite, linked to reliable geographically and time data. 
·  Reliable measurement methods for measurement of soil based pollutants (chemical and biological) 

ideally also translatable to remote sensing methods. 
·  Improved data fusion and visualisation, perhaps linked to widely available public geographical 

software such as GoogleEarth©. 
·  Techniques for remotely assessing soil moisture content. 
·  Repeatable and accurate measurements of deep and superficial land based deformations, suitable 

for earthquake prediction, and so on. 
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Biosphere 
 
·  Reflection and absorption spectra from a wide variety of surfaces both at ground level (so called 
“ground truth” data) and from satellite, linked to reliable geographically and time data. 
Development of primary methods for the analysis of pollutants in real matrices and development of 
more certified matrix reference materials 
·  BRDF (bi-directional reflectance distribution function) data from crop and field samples. 
Measurement of particulate matter in humans to develop exposure and dosimetry guidelines. 
Particularly measurement of the cellular and epidemiological effects of small particles, modelling of 
cellular / epidemiological transport of small particles. 
·  Rapid aerosol nanoparticle measurements (size, concentration, organic fractions, morphology and 
structure) down to the low nanometer (< 5nm) size range 
 

Mention should also be made of the impacts of energy, from production to use, which cut across all 
environmental sectors – for instance as much as 65% of the anthropogenic greenhouse-gas emissions are 
estimated to come from energy. Measurement technology therefore needs to be developed aimed at 
lowering the costs of renewable energy, increasing the efficient use of energy and in changing the way 
energy is produced and distributed, and should be part of the first European Strategic Energy Technology 
Plan. 
 
The present work is in line with a recent resolution “On the importance of SI traceable measurements to 
monitor climate change” made by the 23rd General Conference on Weights & Measures (CGPM) 2007. 
 
The 23rd General Conference,  

recalling Resolution 4 of the 21st General Conference on Weights and Measures (1999) concerning the need to use SI units in 
studies of earth resources, the environment, human well-being and related issues,  

considering 

·  the expansion in the number of international and national initiatives to address the challenges and implications of 
climate change for the world, 

·  working arrangements between the CIPM and the World Meteorological Organization (WMO), 
·  the increasing importance of optical radiation measurements and physico-chemical measurements of air, ground-based 

as well as air-borne, and physico-chemical measurements of ocean water, which support research into the 
understanding of the causes and impacts of climate change, 

·  the importance of basing long-term measurements which relate to climate change on the stable references of the 
International System of Units (SI), 

welcomes the proposed BIPM/WMO international conference to address the increasing important role of metrology in studies 
on global climate change, 

recommends relevant bodies to take steps to ensure that all measurements used to make observations which may be used for 
climate studies are made fully traceable to SI units, 

and further recommends appropriate funding bodies to support the development of techniques which can make possible a set 
of SI-traceable radiometric standards and instruments to allow such traceability to be established in terrestrial and space based 
measurements. 
  
The key findings of this iMERA Workshop have been amalgamated into a text suitable for directly 
entering into a revised EMRP as a “grand challenge of environment” given in section 3.5 of this report. 
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1    WORKSHOP 
 

1.1  Workshop Objective 
 
The objective of the workshop is to integrate the stakeholders’ views, assessments and priorities into 
any future updates of the EMRP. It is most likely that this would comprise of a special programme on 
metrology for the Environment. 
 
This kind of stakeholder workshop should provide input from the customer side, i.e. industry, 
academia, regulatory bodies, and societal demands. Their expertise, comments, assessments and their 
requests and priorities not yet covered by the available material are of considerably added value in the 
process of setting up the EMRP. In view of this process a (limited) number of stakeholders have been 
invited to represent a broad spectrum of external expertise with respect to the topics to be covered. 
 
Interaction with European stakeholders to develop and execute a systematic and on-going dedicated 
European metrology foresight study is the overall objective of the task T3.1 (Joint foresight studies) 
within the iMERA Project2. The description of work of this task is (iMERA Description of Work, p. 
30): 
 

Within this task the partners will interact with EUROMET and European metrology 
stakeholders to identify those areas in metrology with the highest potential impact for 
industry and society. The task team will build on the historical findings from task 1.2 
(Overview of national foresight processes) and task 2.1 (Assessing existing foresight 
information). Stakeholder consultation will include in particular industry, trade 
associations, the scientific community, regulators, standardisers, accreditors and other 
research funding agencies. Foresight development will include high-level thematic 
workshops (one per year) and the establishment of focus groups with stakeholder 
participation for areas of particular importance. The task team will prepare on the basis 
of the available information a report “European Metrology Foresight 2007” which will 
be updated periodically. 

 
A series of workshop addressing metrology needs and measurement priorities in metrology areas 
judged to have the highest potential impact has been launched by the iMERA task team (INRIM, NPL, 
DIUS, BMWi, PTB, LNE, SP and DFM). Three themes were initially selected, Health, Energy and the 
Environment. This report summarises the output of the Environment workshop. 
 
It should be noted that the current European Metrology Research Programme 20073 already mentions 
the need for metrology to support environmental concerns.  Annex 1 “Environment in the EMRP” 
gives relevant quotes from the EMRP2007. This workshop aimed to gather the current short and long 
term needs of stakeholders in the Environmental sector to ensure that any future EMRP programme is 
updated to create maximum impact to the user Community. In preparation of the workshop earlier EC 
projects were examined, in particular the EU project METROPOLIS4. 
 
It was also agreed to publish widely the conclusions of the Workshop. 

                                                 
2 EU project iMERA Implementing Metrology in the European Research Area 
http://www.euramet.eu/index.php?id=projects  
3 The EMRP2007 http://www.euromet.org/euramet/EMRP-outline2007-final%20version.pdf  
4 EU project METROPOLIS http://www.metropolis-network.net/  



 
 

 

Task 3.1 D3.2 Metrology needs and measurement priorities in the Environmental Sector: Workshop SP Report 2007:73 8 
iMERA EU ERA-NET Contract 016620 (ERAC)  
Implementing Metrology in the European Research Area 

1.2  Workshop Organisation & Preparatory Work 
 

A team at ‘SP Technical Research Institute of Sweden’ arranged the workshop and took the following 
approach: 
·  8 December 2006 T3.1 iMERA Task team meeting and launch of the Environmental 

stakeholder workshop 
·  January 2007 Formation of local organising group at SP 
·  4 April 2007 First draft of invitation and topics of workshop 
·  June – August 2007 Identification and invitation of participants and definition of final programme 
·  15 September 2007 Deadline for registration for Workshop and for Hotel Booking 
·  17 & 18 October 2007 Workshop held in Borås (Sweden) 
 
After the preliminary meeting, all the organisational work was made in a series of meetings of the 
local organising group at SP and by e-mail and phone with the wider iMERA task team. Together with 
the invitation letters, the following documents were distributed in advance to all the contributing 
stakeholders: 
·  Workshop programme 
·  Template to capture participants, measurement needs and priorities in the Environmental sector 
·  Form with instructions for claiming travel/hotel costs 
 
1.2.1 Identification of Environmental Sub-Topics 

 
A number of suggested research topics were already included in the present version of the EMRP2007 
(Annex 1 “Environment in the EMRP”).  The proposals and conclusions of a METROPOLIS position 
paper5 were additionally found to be particularly useful in identifying environmental sub-topics and 
potential stakeholders / user groups to be invited: 
 
Purpose of measurement 

�  Measure what and why?  
�  Regular assessment of current legislation 
�  Harmonisation of approach in different environmental compartments 
�  Substance speciation and knowledge of the substance’s transfer cycle 
�  Clear definition / characterisation of the matrix(ces) where pollutant is to be measured 

 
It was suggested that these should be complemented with additional but important environmental 
issues/scenarios, such as: 

�  Atmospheric stability of the Earth (as in global warming) 
�  Minimising chemical pollution in soil or food, for instance 
�  Acoustic pollution 
�  Radiation issues 

 

                                                 
5 “Position paper – METROPOLIS Evaluation of current gaps and recommendations for further actions in the field of  
environmental analysis and monitoring”, March 2004, Metropolis - Growth programme – contract n° GTC2-2001-53008, 
Internet: http://www.metropolis-network.net 
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The local organising group created a matrix to plot the Emission scenario against environmental ‘sub-
topics’ to ensure a wide and comprehensive coverage, as shown in Table 1 

Table 1: Emission scenario vs. Environment; Areas represented in the workshop 

Emission 
scenario�  
� Environment 

Global 
warming 

Transportation Emission 
trading 

Industry 
production 

Energy 
production 

Social requirements/ 
Monitoring/ 
Conformity Assessment 

Water X X  X X X 
Air  X X X X X X 
Soil  X  X X X 
Food    X X X 
Waste  X X X X X 
 
1.2.2 Identification of Environmental Stakeholder Groups and Workshop 

Participants 
 
To ensure that the workshop would be as representative as possible across the wide and diverse field of 
Metrology in the Environment both the relevant stakeholder/user groups and the environmental sub-
topics had to be identified.  
 

Table 2: From METROPOLIS 20036. 

Main user groups Needs 
Environmental decision 
makers 

Compliance checking, monitoring, problem identification, 
understanding, guidance, … 

Environmental agencies Compliance checking, monitoring, problem identification, 
understanding, guidance, … 

The media and the general 
public 

Awareness, education, legal public information requirements, right-
to-know, … 

Scientists Understanding, model development, model validation, … 
 

 
In identifying stakeholders to participate in the workshop, a number of ‘main user groups’ identified in 
the previous EU project METROPOLIS7 was examined for inspiration. The key table being shown 
above in table 2. Stakeholders were recruited from as many of these groups as possible; only the media 
and general public were not represented. It was felt important to invite stakeholders who represented 
not only national efforts, but preferably also regional and European coordination activities in order to 
cover this wide area as effectively as possible. 

  
‘Metrology in the environment’ covers not only measurement quality assurance at the moment of 
measurement, but at all steps in the ‘quality loop’, including the important interface between the 
stakeholder/user and the metrologist, as illustrated in figure 1. One major area is the all-important, 
direct contact at the interface (horizontal line in Figure 1) between the metrologist and the decision-
maker.  Stakeholders were selected to ensure that measurement & research needs throughout the 
Measurement Cycle should be identified, from formulation to decision-making.  

 
 

                                                 
6 METROPOLIS 2003 “Web pages - Metropolis  measurement cycle_D7” MS Word document, METROPOLIS, D van 
den Hout and V Dulio, https://extranet.metropolis-network.net/login.php?page=/index.php 
7 METROPOLIS – Growth programme – contract no. GTC2-2001-53008, https://extranet.metropolis-
network.net/login.php?page=/index.php 



 
 

 

Task 3.1 D3.2 Metrology needs and measurement priorities in the Environmental Sector: Workshop SP Report 2007:73 10 
iMERA EU ERA-NET Contract 016620 (ERAC)  
Implementing Metrology in the European Research Area 

 
Figure 1 Measurement Cycle8 

 
There were 32 participants, comprising of 18 stakeholders (who gave presentations and participated in 
panel debates) and 14 experts (9 iMERA task team members, 4 non-task NMIs and the BIPM)  
 
 
Most of our stakeholders presented a review-type talk about a broad subtopic based on their 
assessment of the needs, expressing their opinions on the measurement challenges and on the priorities 
in metrology R&D.  
 
Full details of the participants are given in Annex 4 “Workshop Participants”. 
 
  

                                                 
8 B Magnusson, SP 
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1.3     Workshop programme 
This third iMERA Stakeholder workshop on Environment was held in Borås (Sweden) on 17 and 18 
October 2007. The full programme is given in Annex 3  “Workshop Programme”. 
 
1.3.1     First evening at Borås Energy & Environment Centre 
 
1.3.1.1     Workshop Introduction 
The meeting was opened by Leslie Pendrill (SP9, Sweden) who welcomed the attendees and gave a 
brief background of the host institute SP. An introduction followed of the EU iMERA and iMERA-
plus projects10 by Christine Reilly, representing DIUS11 and NPL12 in the UK.  The evening’s 
presentations concluded with a talk by Prof Bamler about Remote Sensing (see Remote Sensing 
session below). 
 
1.3.1.2    Laboratory Tour 
The first evening of the Workshop was held at the Borås Energy & Environment Centre see Figure , a local 
energy, district heating and waste facility at which some measurement research projects have been 
performed at a 20 MWth Energy-to-Waste boiler13. A tour of the facility took place. 
 

 
Figure 2  Borås Energy & Environment Centre 14 

                                                 
9 http://www.sp.se/en/Sidor/default.aspx  
10 http://www.euramet.eu/index.php?id=projects  
11 http://www.dius.gov.uk/  
12 http://www.npl.co.uk/  
13“Waste combustion of the future - profitable for environment and economy!”  SP Energy Technology 
http://www.sp.se/en/about/work/degreeprojects/Sidor/Avfall.aspx  
14 Borås Energy & Environment Centre 
http://www.borasenergi.se/vanstermeny/omforetaget/summaryinenglish.4.6ab9c0651152432549680007557.html  
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1.3.2     Second day of Workshop at SP15 
 

Figure 3 SP Technical Research Institute of Sweden in Borås  

Day two was held at SP in Sweden see Figure 3. Prof. Pendrill acted as a facilitator, and chaired all 
sessions, taking care that predominantly the stakeholders interacted during the plenary. Metrologists 
acted as an interested, minority audience, raising questions and comments only as an exception in 
order not to defocus from the collection of stakeholder views. The metrologists’ role was to maintain 
the bridging between general targets and measurement challenges and specific metrological R&D 
needs. The workshop was organised as a brainstorming exercise to reflect on interdisciplinary 
opportunities and priorities that could present prospects for significant advances in metrology R&D in 
the Environmental sector. 
 
1.3.2.1 Workshop Outline and Guidance 
A brief presentation was made by Attilio Sacconi (INRIM16, Italy) of the iMERA foresight activities 
and how the tasks of this workshop fit into the foresight branch and the EMRP preparation within 
iMERA task T5.1. 
 
The remaining presentations of the day were arranged into a series of five sessions: Water monitoring; 
Air monitoring; Energy & the Environment; Particle Emission monitoring and Remote Sensing. After 
two or three stakeholder talks, each session concluded with a discussion in plenum of environmental 
and metrology R&D challenges. 
 
1.3.2.2 Water monitoring 
Philippe Quevauviller (EU Commission17) talked about monitoring to fulfil the EU water directive. It 
is important that metrology should not be limited to only measurement but also to establishing a 

                                                 
15 Presentations are available on the iMERA web portal [http://imera.npl.co.uk/iCohere/login/login.cfm?t=93877090] 
under: Resource Centre > Folders > Workshops > Workshop 10 (Borås 2007) 
16 http://www.inrim.it/index.shtml  
17 http://ec.europa.eu/staffdir/plsql/gsys_fonct.properties?pLang=EN&pSernum=9967&pUnite=14680  
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strategy of monitoring and sampling. Michael Koch (ISWA18, University Stuttgart, Germany) 
emphasized the checking of the quality of water-monitoring laboratories using proficiency testing by 
inter-laboratory comparisons.  
 
1.3.2.3 Air monitoring 
Piet van Zoonen (RIVM19, Netherlands) talked about Measurement challenges in meeting the 
requirements for European Air Quality. Piet stressed knowledge of the handling of uncertainty and 
how to communicate this to the authorities. Another key parameter is the varying residence time for 
different gaseous air pollutants. Yngve Brodin (Swedish Environmental Protection Agency20) pointed 
out that biological measurements are the most challenging for standardization and introducing 
metrological concepts as well as the general demands to fulfil EU legislation. Leif Marsden (NILU21, 
Norway) introduced the METROPOLIS project and the important web dissemination of air quality 
data to the general public using visualisation with the aid of e.g. Google Earth. 
 
1.3.2.4 Particle Emission Monitoring 
Alf Ekemo (Volvo Powertrain22 Göteborg, Sweden) pointed out that NOx and PM are the most 
challenging parameters to be monitored for diesel engines using portable emission measurement 
systems. Giorgio Buonanno (University of Cassino23, Italy) stressed the metrological demands for 
measurement and characterisation of particles emanating from incineration plants. Gerhard Leutert 
(Air Consult, Switzerland) demonstrated the need for portable, simple-to-handle and cheap instruments 
for field measurements as well as referring to the development of national and international standards 
for monitoring of small particles from internal combustion engines of vehicles.  
 
1.3.2.5 Remote sensing 
In reviewing Satellite-based environmental observation, Richard Bamler (DLR24, Germany) talked of 
measurements made at distances of 1 km to 1000 km on the atmosphere (e.g. ozone hole, NO2 

profiling etc); Water: e.g. chlorophyll, sediments and vegetation in lakes; extreme waves on oceans; 
Land: e.g. mapping acid drainage contamination. New remote-sensing satellite systems were 
mentioned such as EnMAP – German Hyperspectral Satellite (2011) and TanDEM-X (2009) as well as 
novel SAR and Doppler Lidar systems. 
 
A review of Metrology Requirements for Climate and Numerical Weather Prediction (NWP) was 
given by Bill Bell (The Meteorological Office25, UK). Amongst Bell’s conclusions were: 
– A relatively small subset of all satellite observations are critically important in climate research, and 
in operational numerical weather prediction and imagers (e.g. microwave and infrared sounders and 
imagers) 
– As case study examples - the usefulness of microwave sounder data has been limited, in some 
instances, by a lack of underpinning metrology (MSU-AMSU time-series and SSMIS) 
 
Climate and Weather Data Requirements for Environmental Assessments were highlighted by Markus 
Erhard (European Environmental Agency26, Copenhagen, Denmark).  
 

                                                 
18 http://www.iswa.uni-stuttgart.de/index.en.html  
19 http://www.rivm.nl/en/  
20 http://www.naturvardsverket.se/en/In-English/Menu/  
21 http://www.nilu.no/index.cfm?lan_id=3  
22 http://www.volvo.com/group/global/en-gb/career/businessstructure/powertrain/  
23 http://www.dimsat.unicas.it/index.php?option=com_content&task=view&id=128&Itemid=75  
24 http://www.dlr.de/en/  
25 http://www.metoffice.gov.uk/  
26 http://www.eea.europa.eu/  
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1.3.2.6 Energy & the Environment 
In reviewing monitoring and measurement needs in the energy sector from a research funding 
perspective, Birte Holst Jørgensen (Managing Director, Nordic Energy Research27, Oslo, Norway) 
emphasised the importance of quality-assured measurement, in situations where for example 65% of 
greenhouse-gas emissions are associated with Energy.  
 

1.4    Information Gathering from individual Workshop P articipants 
In addition to the presentations and associated discussions during the Workshop, all participants were 
asked to submit the metrological R&D needs that they had identified by completing a PowerPoint 
template adapted from previous iMERA stakeholder workshops.  This template captures the 
environment where the need was perceived, the particular environmental challenge that the need was 
addressing, the measurement challenges and the particular need for metrology R&D. The views of 
participants in the workshop as expressed in these templates are reproduced in  Annex 2
 “Individual Feedback from Workshop Participants” 

                                                 
27 http://www.nordicenergy.net/  
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2 Summary of Major Environmental and Metrological 
Challenges Identified by the Stakeholders 

 

2.1    Water monitoring 
There are many more measurement challenges that will have to be faced over the forthcoming years 
and the table in Figure 4 only reflects the most obvious ones. Others concern the need for 'holistic 
monitoring strategies', i.e. monitoring looking at links between different environmental compartments 
(e.g. soil-water, surface-ground water, sediment-water etc.), and studies of pollutant pathways (e.g. 
degradability, chemical speciation including chemical and bio-transformation etc.), which are cross-
cutting issues (i.e. not covering only water needs). 
 
As mentioned at the workshop, the likely adoption of the 'QA/QC Decision' and recommendations 
issued from the 
EAQC-WISE28 project 
in 2008 should act as a 
driving force for 
pushing for concrete 
developments at EU 
level. If this could be 
linked to 
EURAMET29/iMERA 
and the European 
Metrology Research 
Programme 
development, in 
particular the Article 
169 project, it would 
be best way to ensure 
synergies between 
metrology and 
practical measurement 
needs linked to the WFD.  Figure 4 WFD = EU Water Framework Directive30 
 
Key points raised: 
·  Analytical data are key elements of the WFD implementation; however, awareness about data 

quality is not equally shared among (policy) decision-makers, scientists and routine laboratories. To 
ensure good quality of the data, also users of the data need to put forward their requirements.  

·  Traceability principles are well accepted by the “metrological community” but not yet in decision-
maker’s minds. First step will be the “QA/QC” Decision adoption, then need for mechanism 
enabling efficient QA/QC to take place (120 river basin districts in 27 EU countries!) 

·  Implementation will require multidisciplinary synergies, including with the scientific community, 
keeping “feet on the ground”: metrological theory can hardly match the practice at the present stage 
of knowledge and recognition. 

·  Discussion on qualification of references. Important to clarify references for practical calibration of 
e.g. dissolved oxygen and turbidity.  

                                                 
28 http://www.eaqc-wise.net/  
29 http://www.euramet.eu/  
30 http://ec.europa.eu/environment/water/water-framework/index_en.html  
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2.2    Air and Particle monitoring 
Key points raised: 
·  NOx measurement – a bias between the satellite results and the ground stations needs to be resolved 
·  Improved detection capabilities are needed for many parameters for accurate air-monitoring. 
·  Improved dissemination to the general public is a key issue 
 
Monitoring sources of particle emission developed to be one of the main topics at the workshop: 
·  Monitoring seems to be unproblematic, but PM10, PM2.5, ultrafine- and nanoparticles need more 
research in the metrological area.  
·  Understanding of particulate matter and the different fractions has to be improved. 
·  Research focusing on particle characterisation, type of particles, chemical composition. This is 
currently being addressed for example in pre-normative research within the framework of 
international31 and European32 nanotechnological standardisation. 
·  Development of reliable particle standards for size, concentration, morphology and structure. Wet 
particle (suspended in water) standards are in the pipeline but we need also standards for particles 
suspended in air. 
·  Measurement uncertainty for measurement of wet and dry deposition and particulate fractions has 
to be assessed and compared with stakeholders demands  
·  Improved metrological quality of particulate measurement including traceability 
 

2.3    Remote sensing 
 
2.3.1    Environmental remote sensing 
Key points raised: 
·  Atmosphere: Improved spectrometric reference database for trace gases. Data accuracy, spectral 

features, QA 
·  Soil and Water: Improved spectrometric reference database for surfaces and water constituents. 

Reflection, emission. Improved calibration sources. 
·  Satellite Systems and Sensors: Satellite systems with shorter revisit times. Sophisticated mission 

concepts, satellite constellations, LEO� GEO. Operational hyperspectral sensors. 
 
2.3.2    Global Warming 
Measurement challenge: Establish a European component of a ground based reference network for 
ground truth of operational satellite observations, with metrological traceability established for all 
measurements (remote and in-situ) – linked to WMO GRUAN initiative. 
 
Metrology R&D: Establish a range of ground based remote sensing, and in-situ (sonde and surface) 
measurement techniques for determining atmospheric temperature and moisture profiles to 
unprecedented accuracy, as well as auxiliary variables (related to radiation and composition), as 
outlined by the WMO GCOS Reference Upper Air Network plan33. 
·  Global, ‘over-arching’ initiatives (WMO-GSICS, CEOS WGCV) are in place, and metrology-

meteorology engagement is good in US, but… European metrologists need to engage with users 
to understand priorities and put in place collaborations (short term) & facilities (longer 
term) to address potential problem areas for future European satellite missions. 

                                                 
31ISO TC 229 Nanotechnologies, 
http://isotc.iso.org/livelink/livelink?func=ll&objId=4192161&objAction=browse&sort=name  
32 CEN TC352, http://www.cen.eu/cenorm/businessdomains/businessdomains/nanotechnologies/index.asp  
33 http://www.wmo.int/pages/prog/gcos/Publications/gcos-112.pdf  
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Figure 5 Example of importance of quality-assured measurement in global warming studies [quoted in 
presentation by W. Bell, The Meteorological Office, UK] 

 
2.3.3 Climate and Weather Data Requirements for Environmental Assessments 
Key points raised: 
�  Feasible quality, data format, and spatio-temporal resolution for environmental assessments   
�  in order to detect environmental change (see Figure 6)  
�  Standardization, calibration, harmonization �  traceability 
�  All sectors: Climate, emission, air pollution, land-use change, marine environment, biogeochemical 
fluxes (trace gases, GhG), water quantity and quality, ice etc.  
�  environmental monitoring and integration 
�  New technologies ”Sensor Web”: cheap, reliable and consistent/comparable (trends) 
�  towards more reliable and relevant information see Figure 6 
�  from quality to quantity (e.g. Water sector). 

 
Figure 6 The “Meteo Data gap” for environmental assessments [From Erhart, EEA] 
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2.4    Energy & the Environment 
With as much as 65% of the anthropogenic greenhouse-gas emissions estimated to come from energy 
[Figure 7], there is a clear need to improve quality-assured measurement in the energy sector. 

Figure 7: Quoted in presentation by Birte Holst Jørgensen (Nordic Energy Research) 

 
Examples of monitoring and measurement R&D challenges34 are: 
– Continuous greenhouse-gas emission monitoring and decision-support systems to monitor many 
different processes, but mostly point sources, in industrial facilities 
– Sensors to monitor fugitive emissions around facilities for CO2 sequestering at power plants 
 
Measurement technology aimed at lowering the costs of renewable energy, increasing the efficient use 
of energy and in changing the way energy is produced, distributed and used, should be part of the first 
European Strategic Energy Technology Plan in 2007 as part of its Energy Policy for Europe (press 
release, 10 January 2007), where the EU Commission expects to invest annually approximately 1 M€ 
between 2007 and 2013 in energy technology research and innovation35.  

                                                 
34 US Climate Change Technology Program, 2005 http://www.climatetechnology.gov/  
35 European Strategic Energy Technology Plan (SET Plan), http://ec.europa.eu/energy/res/setplan/index_en.htm  
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3 Conclusions 
 

Recommendations for measurement research priorities in the environmental sector are the main deliverable 
of this workpackage. This deliverable will enable future updates of the European Metrology Research 
Programme (EMRP), to reflect better the metrology needs in the environmental sector: the current wording 
of the EMRP is given in Annex 1. The views of the 32 participants who attended the workshop “Metrology 
needs and measurement priorities in the Environmental Sector” have been amalgamated into the following 
conclusions. The final section of these conclusions is text suitable for directly entering into a revised 
EMRP as a “grand challenge of environment” and incorporates both the conclusions of this workshop and 
text from the EMRP2007 given in Annex 1. 
 
The present work is in line with a recent resolution “On the importance of SI traceable measurements to 
monitor climate change” made by the 23rd General Conference on Weights & Measures (CGPM)36 2007. 
 
The 23rd General Conference,  

recalling Resolution 4 of the 21st General Conference on Weights and Measures (1999) concerning the need to use SI units in 
studies of earth resources, the environment, human well-being and related issues,  

considering 

·  the expansion in the number of international and national initiatives to address the challenges and implications of 
climate change for the world, 

·  working arrangements between the CIPM and the World Meteorological Organization (WMO), 
·  the increasing importance of optical radiation measurements and physico-chemical measurements of air, ground-based 

as well as air-borne, and physico-chemical measurements of ocean water, which support research into the 
understanding of the causes and impacts of climate change, 

·  the importance of basing long-term measurements which relate to climate change on the stable references of the 
International System of Units (SI), 

welcomes the proposed BIPM/WMO international conference to address the increasing important role of metrology in studies 
on global climate change, 

recommends relevant bodies to take steps to ensure that all measurements used to make observations which may be used for 
climate studies are made fully traceable to SI units, 

and further recommends appropriate funding bodies to support the development of techniques which can make possible a set 
of SI-traceable radiometric standards and instruments to allow such traceability to be established in terrestrial and space based 
measurements. 
 
Metrology provides a central role in Environmental debate, generating a wealth of data from a vast number 
of sources. Sadly the data from these myriad sources is rarely traceable to international standards, and thus 
comparing data either geographically or over time is not always possible. In order to move forward the 
stakeholders in our workshop felt a strong need to see traceability of measurement data, perhaps coupled 
with critical uncertainty reviews from independent bodies. This would enable validation of data, and 
unification of the various data sources. Some potential ways to achieve this aim could be: 

·  Inter-laboratory intercomparisons concentrating on specific measurement parameter 
·  Initiation or support to a Europe-wide QA/QC programme of proficiency testing for laboratories 

across the European union. 

                                                 
36 CGPM  23rd Conference Resolution 11 2007 “On the importance of SI traceable measurements to monitor climate change”, 
http://www.bipm.org/en/CGPM/db/23/11/  
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·  The provision of training courses in key metrology areas related to the environment, perhaps 
concentrating on the “air”, “water” “soil” sectors that are used as common denominators across 
Environmental Research. 

·  Support to legislation at drafting stage and to ensure that Environmental legislation contains 
accurate, reliable and practical measurement methodologies. 

To support the global aim of unification of Environment data, the more detailed conclusion below are 
separated into the sectors of “air”, “water”, “soil” and the “biosphere, food and waste” to align best the 
needs of the stakeholders with current research in these areas. 

 

3.1 Air 
There were two major areas of concern raised during the workshop related to the air environment: 

·  Climate modelling & global warming 
·  Air quality, including particulate sensing related to health concerns 

Within these broad headings a number of more specific measurement requirements detailed below. It 
should be remembered that these are the views of the workshop participants and are not necessarily 
representative of the entire community nor are they likely to be exhaustive 

 
3.1.1 Climate Modelling & Global Warming 

A need for improved measurements was identified in greenhouse gas (GHG) monitoring, which would 
enable measurement of the effectiveness of renewable energy sources, along with measurements of the 
effectiveness of CO2 sequestering programmes. This would guide further research and development 
ultimately improving the effectiveness of energy production. Particular species identified as having 
improved measurement requirements relating to global warming are: water vapour (H2O), carbon dioxide 
(CO2), methane (CH4) ozone (O3), nitrous-oxide (N2O). The measurement of these species is needed both 
in lab-based equipment and mobile facilities capable of monitoring industrial sites and checking for 
fugitive emissions. GHG emission regulation is undergoing a process of introduction across Europe; 
therefore the uncertainly of measurements will need to be significantly less than both the tolerances on 
emission targets, and the predicted climate change estimates. Standards to support these legislative 
measurements will be essential, and are of the utmost urgency, particularly standardised techniques for 
measuring and calculating CO2 emissions on a large and small scale.  
 
Climate modelling is extremely advanced (temperature, humidity, etc) and this data can be input into 
numerical weather prediction (NWP) models. However these models are currently limited by the accuracy 
of some key data from satellite based microwave-sounders and infrared-sounders that measures surface 
reflections, and from this calculate the atmospheric temperature, sea surface temperature and atmospheric 
humidity. Over the next decade the climate measurement requirements are predicted as given in Fel! 
Hittar inte referenskälla. below. The required calibration accuracy (over the next decade) should be a 
small fraction of these trends, and it is the accuracy of the microwave sounder data and infrared sounder 
data that is currently limiting the atmospheric and sea-surface temperature. The EMRP could work to 
improve calibration procedures of satellite-based equipment to improve data accuracy and establish a 
European component of a ground based reference network for ground truth of operational satellite 
observations, with metrological traceability established for all measurements (remote and in-situ) – linked 
to initiatives such as WMO GRUAN  
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Climate measurements requirements: expected decadal trends37 

 

3.1.2 Air Quality including Particulate Sensing Related to Health Concerns 
 

Current data on air quality comes from a myriad of sources, a need has been identified for improved data 
fusion and visualisation, with a suggestion to perhaps link this to widely available public geographical 
software such as GoogleEarth©. The independent validation of data sources would enable comparison 
between data sets from independent sources, this could include linked research looking at sensor aging 
(including contaminant deposition), wireless reliability and so on. Pollution modelling requires 
developments in the area of accurate monitoring of the bulk flow of complex gaseous mixtures as they are 
released to the atmosphere, and the required research would concentrated on developments in flow 
sampling, mathematical modelling and simulation of a wide range of flow rates and temperatures to enable 
accurate assessment of pollution loading. Some gasses currently identified as needing accurate monitoring 
are nitrous oxide (N2O), carbon monoxide (CO), carbon dioxide (CO2), and sulphurous compounds 
including sulphur dioxide (SO2), but future requirements may differ dependent on legislative drivers. The 
verification of next generation cheap multi-parameter wireless sensors will also be essential to providing 
data of known quality.  The identification of airborne species can be achieved using atmospheric 
absorptions profiles, however these must be supported by adequate metrological traceability, ideally tied to 
precise geographical locations and timing, which enables the cross validation of ground-based and 
satellite-based data sets.  
 
A major area of concern was that of small particulate sensing, most urgently of particles in air. Particulate 
matter (PM) is regularly monitored with particle count being related to the diameter of the particle e.g. 
particles under 2.5 microns are referred to as PM2.5, and those under 10 microns PM10.  These very small 
particles (solid or liquid) can be inhaled by humans and reach the very deepest parts of the lungs with some 
chemical species may have health risks to humans, therefore the monitoring of particulate matter is 
undertaken regularly. However regulation is in its infancy, may only include a few chemical species and 
where it does exist it needs harmonisation between regions of the world. 
 
Specific measurement requirements in the area of particulate monitoring are: 

o Traceable measurements for PM2.5 and PM10 (size, concentration, morphology, chemical 
speciation, PM fraction, soluble and insoluble fraction- important for health, peak emission in 
rapidly changing emission patterns, average daily measurements) 

o Small reliable field instrument are require for in-situ measurement of PM emission from vehicles, 
in homes, in places of work, and so on. This must be coupled with metrological traceability able to 
demonstrate comparability between lab and field data  

o Standards for wet suspensions of particulate matter are under development, but dry standards are 
required (e.g. soot generators) 

                                                 
37 http://www.map.nasa.gov/documents/CLARREO/7_07_presentations/Ohring_CLARREO.pdf 
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o Improved modelling, and computational statistic to better understand the conglomeration of 
particulate matter in air (including Brownian coagulation) leading to improved control of 
particulate matter  

o Improved modelling and computational statistics to better understand photo-chemical nucleation 
and nano- particles effects on weather - fog and cloud formation 

o Measurement of particulate matter in humans to develop exposure and dosimetry guidelines. 
Particularly measurement of the cellular and epidemiological effects of small particles, modelling 
of cellular / epidemiological transport of small particles 

 

3.2 Water  
The main concern raised during the workshop relating to the water environment was quality control of 
measurements. The instrument stability for almost all measurements (e.g. pH, turbidity, dissolved oxygen) 
all need improving, further more there was a call for an EU wide programme of Quality assessment & 
quality control (QA/QC) for proficiency testing (PT) to ensure accurate measurements of water quality 
across the EU.   
Citizens and environmental organisations increasingly demand cleaner rivers and lakes, groundwater and 
coastal beaches, and the standards for drinking water are stringent. This is reflected in the EU water 
framework directive38 (WFD) which is both relevant and topical in ensuring comparability of 
measurements in the EU, the EMRP can help ensure that this legislation is underpinned with good 
metrology.  
 
The specific needs of this sector were identified as: 

o Reliable and traceable standard measurement methods for chemical and biological species in 
water. This is particularly important for parameters included in the WFD  (e.g. dissolved oxygen, 
turbidity)  

o More reliable pH meters with improved stability in effluent and natural waters  
o Reliable methods for comparability of flow meters with different geometries 
o Reliable and traceable measurements of new-emerging water pollutants (e.g. endocrine disruptors, 

medicinal drugs and bi-products, and biological agents including allergens) 
o Measurement techniques for low hydrocarbon (oil) concentrations  
o A Europe wide proficiency testing QA/QC standard for measurements of water quality, proving 

comparability of lab and field based measurements 
o Improved data fusion and visualisation, perhaps linked to widely available public geographical 

software such as GoogleEarth©. 
o Enhanced instrument stability to permit increased time between calibration 
o Standards for particulate matter dissolved in water (some standards already exist but more are 

required) 
o Improved remote sensing of sea surface temperature and wave height crucial for input into 

environmental models 
o BRDF (bi-directional reflectance distribution function) data for water in various states of turbidity 

and waves, suitable for satellite data 
 

3.3 Soil 
A main concern raised during the workshop relating to the soil environment was the reliability of verifiable 
measurements of the Earth’s land masses (known as “ground truth data”) for reliable calibration of satellite 
radiometers and spectrometers. This ties in with the concerns of the “air” environmental sector that reliable 
geographically accurate and exact time data should be available in a verifiable fashion.  Such data would 
need to be linked to the atmospheric and weather data from directly overhead. 
 

                                                 
38 Directive 2000/60/EC http://ec.europa.eu/environment/water/water-framework/index_en.html 
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The data required is: 
o Reflection and absorption spectra from a wide variety of surfaces 
o Improved data fusion and visualisation, perhaps linked to widely available public geographical 

software such as GoogleEarth©. 
o Techniques for remotely assessing soil moisture content 
o Repeatable and accurate measurements of deep and superficial land based deformations –suitable 

for earthquake prediction, and so on 
o Reliable measurement methods for measurement of soil based pollutants (chemical and biological) 

ideally also translatable to remote sensing methods (see also the Biosphere below). 
 

3.4 The Biosphere. Food and waste 
One main concern raised during the workshop relating to the living environment was the reliability of 
verifiable measurements of crops (known as “ground truth data”) for reliable calibration of satellite 
radiometers and spectrometers. This ties in with the concerns of the “air” and soil” environmental sectors 
that reliable geographically accurate and exact time data should be available in a verifiable fashion.   
A second major area of concern was the analysis of pollutants, ranging from organic and hydrocarbons to 
the smallest particules, particularly of nanoparticles which can in some cases pose potential health hazards.  
 

·  Reflection and absorption spectra from a wide variety of surfaces both at ground level (so called 
“ground truth” data) and from satellites linked to reliable geographically and time data. 

·  Development of primary methods for the analysis of pollutants in real matrices and development of 
more certified matrix reference materials 

·  BRDF (bi-directional reflectance distribution function) data from crop and field samples. 
·  Measurement of particulate matter in humans to develop exposure and dosimetry guidelines. 

Particularly measurement of the cellular and epidemiological effects of small particles, modelling of 
cellular / epidemiological transport of small particles. 

·  Rapid aerosol nanoparticle measurements (size, concentration, organic fractions, morphology and 
structure) down to the low nanometer (< 5nm) size range 

 
Mention should also be made of the impacts of energy which cut across all environmental sectors – for 
instance as much as 65% of the anthropogenic greenhouse-gas emissions are estimated to come from 
energy. Measurement technology therefore needs to be developed aimed at lowering the costs of renewable 
energy, increasing the efficient use of energy and in changing the way energy is produced, distributed and 
used, and should be part of the first European Strategic Energy Technology Plan.  
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3.5 Conclusion Text Suitable for Inclusion in a Revised EMRP 
A proposed text suitable for inclusion in a revised text of the EMRP. The text incorporates the current 

EMRP2007 text and also the workshop findings. 

III Grand Challenges 
 
III.1 Multidiscipline metrology 
 
III.1.1  Environment 
 
“On the importance of SI traceable measurements to monitor cl imate change” made by the 23 rd General 
Conference on Weights & Measures (CGPM) 39 2007. 
 
Environmental monitoring  (see, e.g., 96/23/EC (residues in food), 96/62/EC (air quality control), 98/83/EC 
(drinking water), 2000/60/EC (water framework directive) or 98/79/EC (In vitro Diagnostic Medical Devices 
(IVD)-Directive) and many others). 
 
A key challenge facing the EU is the need to ensure continuous and sustainable growth whilst reducing 
negative environmental impacts. Many of the activities required to achieve this will depend on new stable and 
comparable measurement standards for environmental changes and the environmental performance of new 
technologies. These typically involve measurements at much lower levels and over longer timescales than are 
required to address other themes within the EMRP. The nature of the challenges faced in protecting the 
environment and in developing new sustainable technologies dictates a multi-disciplinary approach that will 
drive the requirement for research within the EMRP that brings together different disciplines within 
measurement science.  
 
The results of the EMRP will underpin research carried out within the Environment and Energy Themes of the 
7th Framework Programme. This will ensure that the community of scientists within the EU’s Research and 
Technological Development base (EU’s RTD) has best access to the combined experience and capability of the 
EU’s NMIs. Examples include: 
 
1a) Activities required in Europe to ensure that the air-environment  is maintained both for the health of our 
citizens and for climate. 
Monitoring of climate relies on robust and stable measurement infrastructure particularly: 

o Research to underpin the implementation of a distributed system capable of providing traceability for 
measurement data from global ground and satellite-based networks.  

o Internationally-recognised standards to underpin measurements of the flow and concentration of bio and 
chemical species regulated under the Kyoto protocol and EU’s emission trading schemes. 

o Improved modelling to assess the environmental fate (the destiny) of a chemical or biological pollutant 
after release in environment, in order to provide a basis for uniform life-cycle assessment.  

o Development of new measurement techniques as well as assessment and reduction strategies for 
acoustic noise in living environment. 

 
1b) There is a growing concern about low-level particulate matter  in air. Specific measurements are required to 
better understand the health concerns, which are related to small-particle air pollution: specific measurement 
needs have been identified as: 

o Traceable measurements for PM2.5 and PM10 (size, concentration, morphology, chemical speciation, 
PM fraction, soluble and insoluble fraction- important for health, including real-time monitoring & peak 
emission in rapidly changing emission patterns, average daily measurements) 

o Development of small reliable field instrument for in-situ measurement of PM emission from vehicles, in 
homes, in places of work, coupled with the metrological traceability to demonstrate comparability 
between lab and field data  

o Development of  dry particulate standards (known as soot generators) for testing equipment. 
o Improved modelling, and computational statistic to better understand: 

�  The flow and distribution of micro particulates in the real world. 

                                                 
39 CGPM  23rd Conference Resolution 11 2007 “On the importance of SI traceable measurements to monitor climate change”, 
http://www.bipm.org/en/CGPM/db/23/11/  
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�  The conglomeration of particulate matter in air (including Brownian coagulation) leading to 
improved control of particulate matter  

�  Photo-chemical nucleation and nano- particles effects on weather - fog and cloud formation 
 

2) Both the quality of water  and the location of water are on going challenges across Europe, current 
measurement demands are likely to increase with extreme weather events increasing in likelihood, specific 
measurement requirements identified are: 

o Improved remote sensing of sea surface temperature and wave height crucial for input into 
environmental models 

o BRDF (bi-directional reflectance distribution function) data for water in various states of turbidity and 
waves, suitable for use with satellite instrumentation. 

o Reliable and traceable standard measurement methods for chemical and biological species in water. 
This is particularly important for parameters included in the WFD  (e.g. dissolved oxygen, turbidity) 
some examples of measurement needs are: 

�  More reliable pH meters with improved stability in effluent and natural waters  
�  Reliable methods for comparability of flow meters with different geometries 
�  Reliable and traceable measurements of new-emerging water pollutants (e.g. endocrine 

disruptors, medicinal drugs and bi-products, and biological agents including allergens) 
�  Measurement techniques for low hydrocarbon (oil) concentrations  
�  Enhanced instrument stability to increase time between calibration 

o A Europe wide proficiency testing QA/QC standard for measurements of water quality, proving 
comparability of lab and field based measurements 

o Standards for particulate matter dissolved in water (some standards already exist but more are 
required) 

 
3) The soil-environment  is critical to water, air and biosphere management. There is a need for reliable and 
verifiable measurements of soil (known as “ground truth data”) for reliable calibration of satellite radiometers and 
spectrometers. This ties in with the concerns of the “air” environmental sector that reliable geographically 
accurate and exact time data should be available in a verifiable fashion.  Such data would need to be linked to 
the atmospheric and weather data from directly overhead. 
 
The data required is: 
o Reflection and absorption spectra from a wide variety of surfaces. 
o Reliable measurement methods for measurement of soil based pollutants (chemical and biological) ideally 

also translatable to remote sensing methods. 
o Techniques for remotely assessing soil moisture content- critical for flood management 
o Repeatable and accurate measurements of deep and superficial land based deformations –suitable for 

earthquake prediction, and so on 
o The accurate determination of ionising radiation fields for transmutation of nuclear waste. 
o The determination of the chemical-content of waste materials to facilitate sorting and re-use. 

 
4) In addition to the ‘inanimate’ air/water/soil environments, one of course has the biosphere , This includes food 

and waste - pollutants, ranging from organic and hydrocarbons to the smallest particules, particularly of 
nanoparticles - and the interaction of these with other parts of the biosphere including of course life. 
 

·  Reflection and absorption spectra from a wide variety of surfaces both at ground level (so called “ground 
truth” data) and from satellite, linked to reliable geographically and time data. 

·  BRDF (bi-directional reflectance distribution function) data from crop and field samples. 
·  Development of primary methods for the analysis of pollutants in real matrices and development of more 

certified matrix reference materials 
·  Measurement of particulate matter in humans to develop exposure and dosimetry guidelines. Particularly 

measurement of the cellular and epidemiological effects of small particles, modelling of cellular / 
epidemiological transport of small particles. 

·  Rapid aerosol nanoparticle measurements (size, concentration, organic fractions, morphology and structure) 
down to the low nanometer (< 5nm) size range 

 
 
5) Measurements to support the sustainability of energy and resources: 
The impacts of energy cut across all environmental sectors – accounting for instance for as much as 65% of  
anthropogenic greenhouse-gas emissions. Measurement technology therefore needs to be developed enabling 
the lowering the costs of renewable energy; increasing the efficient use of energy and changing the way energy 
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is produced, distributed and used, and should be part of the first European Strategic Energy Technology Plan. 
Specific examples include 
o Measurements that validate claims of high-efficiency transportation, construction and energy technologies. 

These include the energy efficiency and thermal performance of “zero carbon” buildings and “zero-
emission” vehicles. 

o The validation of the short and long-term efficiency of carbon sequestration technologies.  
o Extending measurement methods for exposure to radioisotopes in the environment.  
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Annex 1 “Environment in the EMRP” 
 

The European metrology research programme (EMRP) and consists of an extended Executive 
Summary which can be read as a stand alone document, followed by a more detailed description of the 

context and joint research programme which outlines the EMRP and processes that will be 
implemented under Article 169. The text below is an extract focussed on the Environment from the 

existing EMRP 
 
I EXECUTIVE  SUMMARY 
I.1 Activity areas 

I.1.1 Grand challenges 
Grand challenges  comprise multidisciplinary metrology research needed to meet key socio economic 
objectives in the fields health, energy, environment , and new technologies . These fields require a research 
approach that – driven by the challenge – combines various technologies and methods. However, the metrology 
research in Europe in these fields has so far been rather fragmented and not yet been strategically coordinated. 
In the EMRP, the existing research activities and capabilities, which are directly related to the above-mentioned 
fields and which require a multidisciplinary approach, are combined, coordinated and supplemented by missing 
research needs.   
 
The priority setting will be carried out in consultation with the Research Council representing the key 
stakeholders. The selection of fields reflects the character of metrology as a horizontal research field with 
particular underpinning  relevance for the 7th framework programme. 

Environment 
A key challenge facing the EU is the need to ensure continuous and sustainable growth whilst reducing 
negative environmental impacts. Many of the activities required to achieve this will depend on new stable and 
comparable measurement standards for environmental changes and the environmental performance of new 
technologies. These typically involve measurements at much lower levels and over longer timescales than are 
required to address other themes within the EMRP. The nature of the challenges faced in protecting the 
environment and in developing new sustainable technologies dictates a multi-disciplinary approach that will 
drive the requirement for research within the EMRP that brings together different disciplines within 
measurement science. The activities to be addressed most urgently through research include validated and 
traceable measurement techniques, sensors and measurement standards related to: 
·  detecting change and monitoring climate; 
·  measuring flow and concentration of species under regulation such as the Kyoto protocol;  
·  efficient and sustainable use of resources; 
·  longer-term carbon dioxide sequestration; 
·  assessment and management of environmental noise.  

I.1.2 Metrology R&D for applied and fundamental metrology 
I.1.2.2 Focussed single-discipline and applied metrology  

- Advanced realisations on base and derived SI units. 

- Applied metrology to support innovation, products and services, including the necessary regulatory aspects.  

Metrology in Chemistry 
Metrology in chemistry is considered as one of the most rapidly growing fields of metrology, driven by the need 
for reliable chemical measurements in many fields of our daily life and requests from global trade and national 
as well as International/European legislation. Areas, which require new and harmonized measurement 
standards are, for example, clinical chemistry, food or environmental monitoring  (see, e.g., 96/23/EC 
(residues in food), 96/62/EC (air quality control), 98/83/EC (drinking water), 2000/60/EC (water framework 
directive) or 98/79/EC (In vitro Diagnostic Medical Devices (IVD)-Directive) and many others). 
 
Central aim for the NMIs therefore is to establish an international primary reference network for traceability in 
chemistry and electrochemistry. Urgent needs in important areas like food analysis, environmental monitoring  
are currently tacked by NMIs… 

Metrology for New materials 
Materials developments are pervasive in our lives as the building blocks for everything around us contributing 
enormously to improvements in health, the environment  and wealth creation through, for example, modern 
medical implants, cheap renewable energy from photovoltaics or major changes in telecommunications...  
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II CONTEXT 

II.1 The  global challenge for metrology 
Industry, trade, and increasingly quality of life depend on precise, reliable and comparable measurements. 
Therefore the demands on metrology are steadily growing, and can be expected to grow even more rapidly in 
the future. The drivers behind this pressure may be considered threefold: 
 
·  traditional areas of industry are becoming more complex and are requiring broader measurement ranges 
and lower uncertainties; 
·  new areas of technology are emerging, e.g. nano-technology and biotechnology; 
·  areas in which the value of metrology is increasingly being recognised, though not in themselves new, e.g. 
chemistry, clinical medicine or food safety; 
 
placing considerable stress on the traditional approach of advancing metrology mostly national R&D initiatives 
with occasional ad-hoc international collaborations. 
 

III Grand Challenges 
 
III.1 Multidiscipline metrology 
Grand challenges comprise multidisciplinary metrology research needed to meet key socio economic objectives 
in the fields: health, energy, environment , and new technologies. These fields require a research approach that 
– driven by the challenge – integrates and combines various technologies and methods. However, the 
metrology research in Europe in these fields has so far been rather fragmented and not yet been strategically 
coordinated. In the EMRP, the existing research activities and capabilities, which are directly related to the 
above-mentioned fields, are combined, coordinated and supplemented by missing research needs.   
 
Environment 
A key challenge facing the EU is the need to ensure continuous and sustainable growth whilst reducing 
negative environmental impacts. Many of the activities required to achieve this will depend on new stable and 
comparable measurement standards for environmental changes and the environmental performance of new 
technologies. These typically involve measurements at much lower levels and over longer timescales than are 
required to address other themes within the EMRP. The nature of the challenges faced in protecting the 
environment and in developing new sustainable technologies dictates a multi-disciplinary approach that will 
drive the requirement for research within the EMRP that brings together different disciplines within 
measurement science.  
 
The results of the EMRP will underpin research carried out within the Environment and Energy Themes of the 
7th Framework Programme. This will ensure that the community of scientists within the EU’s Research and 
Technological Development base (EU’s RTD) has best access to the combined experience and capability of the 
EU’s NMIs. Examples include: 
 
·  Activities performed across the EU to detect changes in the environment and to monitor the climate depend 
on the availability of a robust and stable measurement infrastructure. The EMRP will address the needs for: 

o Novel sensors and underpinning measurements for global surface and ocean temperatures and stable 
long-term trends in the composition of the ocean and atmosphere. 

o Provision of a distributed system capable of providing traceability for measurement data from global 
ground and satellite-based networks. 

 
·  Research into innovative new systems and technologies that mitigate environmental impacts. These require: 

o Internationally-recognised standards to underpin measurements of the flow and concentration of 
species regulated under the Kyoto protocol and EU’s emission trading schemes. 

o Measurements that validate claims of high-efficiency transportation, construction and energy 
technologies. These include the energy efficiency and thermal performance of buildings and “zero-
emission” vehicles. 

o The accurate determination of ionising radiation fields for transmutation of nuclear waste. 
 
·  Minimising future negative environmental impacts depends on the implementation of policies that encourage 
the sustainable use of energy and resources. The EMRP will develop new measurement capabilities for: 

o The assessment of environmental fate (the destiny of a chemical or biological pollutant after release in 
environment) in order to provide a basis for uniform life-cycle assessment. 
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o The determination of the chemical-content of waste materials to facilitate sorting and re-use. 
o The validation of the long-term efficiency of carbon sequestration technologies. 

 
·  Improving the quality of life for European citizens by: 

o Developing metrology solutions for new real-time methods and networked approaches to assessing 
population exposure to pollution risks. 

o Improving measurements standards for flow and for the detection of bio and chemical releases into the 
environment. 

o Extending measurement methods for exposure to radioisotopes in the environment.   
o Development of new measurement techniques as well as assessment and reduction strategies for 

acoustic noise in living environment.  
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 Annex 2 “Individual Feedback from Workshop Participants” 
In addition to the presentations and associated discussions during the Workshop, all participants were also 
asked to submit the metrological R&D needs that they had identified by completing a PowerPoint template 
adapted from previous iMERA stakeholder workshops. 
 

Water monitoring 
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Air monitoring 
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Particle monitoring 
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Remote sensing 
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Energy & the Environment 
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Annex 3  “Workshop Programme” 
Presentations are available on the iMERA web portal 
[http://imera.npl.co.uk/iCohere/login/login.cfm?t=93877090]  
under: Resource Centre > Folders > Workshops > Workshop 10 (Borås 2007) 
 
EURAMET/iMERA T3.1  
Stakeholder Workshop:“Metrology Needs and Measurement Priorities in the Environmental 
Sector” 
 
Wednesday 17th October 2007  
Venue: Borås Energy & Environment Centre, Ryaverket, Sweden (where there was an opportunity to 
make a study visit of Borås Energy & Environment Centre, a 20 MWth Energy-from-Waste plant 
equipped for amongst other measurement research purposes.) 
 
18.00 – 19.00 Arrival and Registration of Delegates at Ryaverket   
19.00 – 19:15 Introductory Session 

Welcome address    
iMERA and iMERAplus EU projects 

 
L R Pendrill 
Christine Reilly 

 
SP, Sweden 
DIUS/NPL, UK 

19.15 – 19.35 “Remote sensing satellite-borne environmental 
observation”40 

Prof Dr Richard 
Bamler 

Deutsches Zentrum für 
Luft- und Raumfahrt, 
Oberpfaffenhofen (DE) 

19.40 – 20.00 “Monitoring in relation to European CO2 emissions 
trading and Dutch NOx emissions trading” 

Mr Hans Regtuit Corus Steel Group, The 
Netherlands 

20.00 – 20.05 “Advantages with a Global Partnership”  Julia Fredäng Dalkia 
20.00 Buffet Dinner with Study Visit   
22.00 Bus returns to hotel   

 
Thursday 18th October 2007 
Venue: SP Technical Research Institute of Sweden, Brinellgatan (www.sp.se ) 
 
0800 Bus departs hotel for SP   
0830 – 0845 Task of workshop A Sacconi INRIM, Italy 

Stakeholder sessions on various Environmental measurement challenges 
 
Water monitoring   
0845 – 0905  “Traceability of Environmental Chemical Analyses” 

41 
Ph. Quevauviller European Commission, 

Brussels 
0905 – 0915  “PT system for water analyses in Germany” Dr.-Ing. Michael 

Koch,  
Universität Stuttgart 

0915 – 0925  Discussion in plenum  moderator 
Air monitoring 
0925 – 0935  “Measurement challenges in meeting the 

requirements for European Air Quality objectives” 
Piet van Zoonen RIVM Dutch National 

Institute for Public 
Health and the 
Environment 

0935 – 0945  “Metrological needs in Swedish environmental air 
monitoring” 

Yngve Brodin Swedish Environmental 
Protection Agency, 
Stockholm 

0945 – 0955  “Development of air quality data dissemination 
systems for the municipality of Oslo and the 
government of Cyprus” 

Leif Marsteen NILU, Oslo 
METROPOLIS 

0955 – 1015 Discussion in plenum  moderator 
1015 – 1045 Coffee/tea break 
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Energy & the Environment 
1045 – 1105   Maria Munter Vattenfall AB, Sweden 
1105 – 1120  “Measuring impacts and results from sustainable 

energy research – a research funding perspective” 
Birte Holst 
Jörgensen 

Managing Director, 
Nordic Energy Research, 
Oslo, Norway 

1120 – 1130 Quality Measurement of Gas Jarmila Bendova RWE Transgas Net, s.r.o. 
Prague 

 Discussion in plenum  moderator 
Particle emission monitoring 
1130 – 1145  "Quantifying real world exhaust emissions from 

heavy-duty diesel and alternative fuel vehicles" 
Alf Ekemo Volvo Powertrain 

Göteborg, Sweden 
1145 – 1200 “Reliable atmospheric and stack emission 

characterisation in terms of particle number 
concentration” 

Prof. Giorgio 
Buonanno 

University of Cassino, 
Italy 

1200 – 1210 "Swiss Rule for Testing Particle Filter Systems"       Dr. Gerhard Leutert Air Consult, Berne, 
Switzerland 

1210 – 1220 Discussion in plenum  moderator 
1230 - 1330 LUNCH 
Remote sensing 
13.35 – 13.55  "Remote sensing requirements in climate and 

numerical weather prediction (NWP)" 42 
Dr William Bell Met. Office, UK 

13.55 – 14.10  “Climate and weather data requirements for 
environmental assessments (e.g. EURRA - ECMWF, 
GMES-GEMS)” 

Markus Erhard European Environment 
Agency, EEA Copenhagen 

    
14.10 – 14.20 Discussion in plenum  Moderator 

14.30 – 15.00 Tea/coffee break 
15.00 – 16.00 Plenary discussion & Final Deliverable (moderator) 
  Output: Individual recommendations (“3 key topics”) 
16.00 End 

                                                 
42 Presentations are available on the iMERA web portal [http://imera.npl.co.uk/iCohere/login/login.cfm?t=93877090]  under: 
Resource Centre > Folders > Workshops > Workshop 10 (Borås 2007) 
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Annex 4 “Workshop Participants”  
 

 Affiliation Name e-mail 
Stakeholders 
1 Deutsches Zentrum für Luft- und 

Raumfahrt, Oberpfaffenhofen (DE) 
Prof Dr Richard Bamler Richard.Bamler@dlr.de  

2 Met. Office Dr William Bell william.bell@metoffice.gov.uk  
3 RWE Transgas Net, s.r.o. Prague Jarmila BENDOVA Jarmila.Bendova@rwe.cz  
4 University of Cassino, Italy Prof. Giorgio Buonanno buonanno@unicas.it 
5 Swedish Environmental Protection 

Agency, Stockholm 
Yngve Brodin  Yngve.Brodin@naturvardsverket.se  

6 DEFRA Andrew Chappell andrew.chappell@environment-
agency.gov.uk 

7 Volvo Powertrain Göteborg Alf Ekermo Alf.Ekermo@volvo.com  
8 European Environment Agency, 

EEA Copenhagen 
Markus Erhard Markus.Erhard@eea.europa.eu  

9 Borås Energi & Miljö Julia Fredäng Julia.Fredang@dalkia.se  
10 Swedish Environmental Research 

Institute IVL 
Erik Fridell erik.fridell@ivl.se 

11 Nordic Energy Research, Oslo Birte Holst Jörgensen, 
Managing Director 

birte.holst.joergensen@nordicenergy.net  

12 Institut für Siedlungs-wasserbau, 
Wassergüte- und Abfall-wirtschaft 
Universität Stuttgart 

Dr.-Ing. Michael Koch  
 

Michael.Koch@iswa.uni-stuttgart.de  

13 Department air pollution of the 
Federal Office for the Enviroment 
(retired) 

Dr. Gerhard Leutert gerhard.leutert@gmx.ch  

14 NILU, Oslo METROPOLIS,  Leif Marsteen lm@nilu.no  
15 Corus Group  Hans Regtuit hans.regtuit@corusgroup.com  
16 AFSSET (Agence Française de 

Sécurité Sanitaire de 
l'Environnement et du Travail) 

Elisabeth ROBERT-
GNANSIA 

elisabeth.robert-gnansia@afsset.fr  

17 European Commission  Philip Quevauviller   Philippe.Quevauviller@ec.europa.eu  
18 RIVM Dutch National Institute for 

Public Health and the Environment 
Piet van Zoonen Piet.van.Zoonen@rivm.nl  

19 Federal Office of Metrology METAS Hanspeter Andres hanspeter.andres@metas.ch  
20 CMI, Prague Dominik Pra�ák dprazak@cmi.cz  
21 IRMM, Geel Dr Andrea Held Andrea.HELD@ec.europa.eu 
22 SMU, Bratislava Dr Viliam Pätoprstý patoprsty@smu.gov.sk 
23 BIPM, Sèvres (FR) Edgar Flores Jardines Edgar.flores@bipm.org 
iMERA T3.1 team participants 
24 DIUS (UK) Christine Reilly Christine.Reilly@npl.co.uk  
25 INRIM (IT) Attilio Sacconi A.Sacconi@imgc.cnr.it  
26 LNE (FR) Gilles Hervouet Gilles.Hervouet@lne.fr  
27 NMi – VSL (NL) G. Nieuwenkamp gnieuwenkamp@nmi.nl  
28 PTB (DE) Jörn Stenger Joern.Stenger@ptb.de  
29 SP (SE) Measurement Technology Leslie Pendrill (facilitator) Leslie.pendrill@sp.se  
30 SP (SE) Chemical & Material 

Technology 
Bertil Magnusson Bertil.magnusson@sp.se  

31 SP (SE) Chemical & Material 
Technology 

Conny Haraldsson Conny.haraldsson@sp.se  

32 SP (SE) Measurement Technology Gunn-Mari Löfdahl Gunn-Mari.Lofdahl@sp.se  
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Glossary of Acronyms 
BIPM Bureau International des Poids et Mesures  - International Office of Weights and Measures. 

www.bipm.org 
BRDF Bi-Directional Reflectance Function 
CH4 Methane 
CO2 Carbon Dioxide 
EAQC-WISE European Analytical Quality Control in Support of the Water Framework Directive via the 

Water Information System for Europe 
EC European Commission 
EMRP European Metrology research programme 
EPRTR  European Pollutant Release and Transfer Register  
EU European Union  
EURAMET European Collaboration in Measurement Standards 
GEO Geosynchronous - satellite systems 
GHG Greenhouse Gas 
IMERA Implementing Metrology In The European Research Area (project) 
IR Infrared 
LEO Low Earth Orbit - satellite systems 
METROPOLIS Metrology In Support Of Precautionary Sciences And Sustainable Development Projects 
MW Microwave or MegaWatt 
MWS microwave sounder 
NH3 Ammonia 
NMI National Measurement Institute 
NOX Nitrous Oxide 
NWP Numerical Weather Prediction 
PEMS Portable Emissions Measurement System 
PM Particulate Matter  
PM10 10 micron diameter particulate matter and smaller 
PM2.5 2.5 micron diameter particulate matter and smaller  
PT providers Proficiency Testing providers 
PT Proficiency Testing 
QA/QC Quality Assessment / Quality Control 
R&D Research and Development 
SI Systeme Internationale: International Systems of Measurements . 
SOx Sulphur Dioxide  
VOCs Volatile Organic Compounds 
WFD Water Framework Directive 
WMO GCOS   World Meteorological Organization Global Climate Observing System 
WMO GRUAN  World Meteorological Organization GCOS Reference Upper-Air Network 
WMO World Meteorological Organization - www.wmo.ch 
WMO-GSICS World Meteorological Organization Global Satellite Inter-Calibration System 
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