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Introduction
GEMI is the UN-sponsored initiative aiming at establishing and managing a coherent monitoring
framework for the implementation of SDG 6 for water and sanitation. It contributes to country
progress through well-informed decision-making on water, based on harmonized, comprehensive,
timely and accurate information.
Six proof of concept countries - including the Netherlands - were invited to test the methodologies
developed by UN organizations, to collect data for the indicators linked to Sustainable Development
Goal 6.3 to 6.6.
None of the targets and related indicators had been monitored and reported on before in the
framework of the MDGs or SDGs in the Netherlands. However, the Netherlands had already
indicated to be interested in the monitoring of SDG 6 during the workshop on ‘Exploring new data
for SMART monitoring of water SDG targets’ in December 20151. In this workshop, policymakers and
(young) scientists of the Netherlands, Germany and Belgium exchanged their experiences and views
on new data for SMART monitoring of water SDG targets. The Dutch water sector showed great
interest in the SDG processes, and are eager to contribute to the implementation and monitoring of
the SDGs. GEMI provided an opportunity for the Dutch water sector to contribute to knowledge
development for the SDGs.
In this report, details are provided on the Netherlands approach to GEMI, insights in the question if
the Netherlands can provide the requested data for indicators linked to SDG 6.1 to 6.6. and 11.5, and
feedback on the proposed methodologies following the pilot review framework designed by UN
Water of 15 August 2016. Proposals are included from the scientific community for methods to
facilitate gathering of data. The majority of this report was shared with UN custodian agencies
during the GEMI Work in Progress Workshop hosted by the Netherlands from 7 to 9 September
20162. The aim of this workshop was to share and discuss feedback on the proposed methods and
indicators with all the Proof of Concept Countries.
Work on the GEMI proof of concept phase provides us- the Netherlands Ministry of Infrastructure
and the Environment, as the coordinating ministry of SDG 6 -with a strong platform for the
implementation of GEMI next year, creating a baseline for the monitoring of the water-related SDGs.
We commit ourselves to support the implementation of GEMI worldwide to ensure that the water
targets are effectively monitored such that it leads to enhanced implementation of policy and
ultimately meeting the SDGs.
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The workshop was organised by the Netherlands IHP-HWRP Committee. The report is available via http://ihphwrp.nl/index.php/2016/02/03/workshop-report-available-exploring-new-data-for-smart-monitoring-of-water-sdgtargets/.
2 A workshop report was written and shared with all participants. For more information, please contact Monique
Berendsen: Monique.Berendsen@minienm.nl.
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Netherlands approach to the proof of concept phase
Approach
The Netherlands stands for a comprehensive approach to water safety and water security. Key
elements of the Dutch approach are an integrated water resources management, collaboration, long
term strategy, good governance and robust national policy promoting prevention and innovation, so
as to mitigate the effects of flooding, water shortage and polluted water.
This approach was translated into the following actions for the Netherlands Proof of Concept
process:
 The Netherlands supports comprehensive monitoring of the SDGs for water, which is
relevant for policymaking. This entails that coordination of the monitoring and
implementation of water-related indicators are managed by the same ministry, ensuring
that the different processes strengthen each other through sharing information, best
practices and lessons learned.
 The Netherlands also supports using an integrated information system on water based on
statistical standards adopted by the international community, such as the System of
National Accounts (United Nations et al. 2008) and the System of Environmental-Economic
Accounting (SEEA) (United Nations et al. 2012). Methods for estimation of variables related
to the SDGs using non-conventional data sources constitute an important source of
information.
 Indicators linked to target 6.1 to 6.6. and 11.5 were included in the Dutch GEMI proof of
Concept phase, as a basis for integrated water resources management.
 For each indicator one can learn from activities set up for the other indicators, as well as
from experiences of other countries and monitoring requirements for other programmes.
 Dutch policy makers were asked to act as coordinator for each indicator, to ensure reflection
on the policy relevance was included in the GEMI process
 Contributing experts were asked to reflect on the policy relevance of the proposed
monitoring methods; provide the methodologies information to policy makers on how to
adapt policies to facilitate better implementation of the SDGs? An example of this is the
DPSIR (Driver, Pressure, Status, Impact, Response) approach used in the Water Framework
Directive. Contributing experts were asked to identify which additional information can be
provided in the framework of progressive monitoring to support innovation such as retrieval
of nutrients and address additional challenges such as micro plastics.
 All parties involved are invited to identify how the Netherlands can support other countries
in the monitoring of SDGs to ensure that the water targets are effectively monitored such
that it leads to enhanced implementation of policy and ultimately meeting these targets.

Figure 1: The Water Cycle in the
Sustainable Development Goals, showing
all indicators included in the Netherlands
GEMI process (Source: UN Water)

5

Framework for coordinators and experts
The approach mentioned above was translated into a framework for the Dutch coordinators and
experts working on GEMI. This was done before receiving the pilot learning framework, but fits
seamlessly to the approach proposed by UN Water:
 identify which already available data can be used for the monitoring of the SDG indicators
 identify additional data suitable for the monitoring of the indicators in the context of
progressive monitoring
 use the available monitoring data to test the applicability of the GEMI monitoring framework
in practice for the Netherlands and neighboring countries.
 provide feedback about what works / does not work with regard to the identified indicators
and the GEMI monitoring framework; and formulate (low-cost) proposals for improvements,
if applicable
o Is it doable? – can we measure it?
o Is it effective? – do we measure what we want to measure
o Is it efficient? – are other methods better?
 Identify how the Netherlands can support other countries in the application of the SDG
monitoring framework
Process
The national coordination of the SDGs in the Netherlands is done by the Ministry of Foreign Affairs.
They work in close cooperation with central bureau of statistics: Statistics Netherlands (CBS), which
both holds a seat in the IAEG-SDG and is the lead organisation in providing data on the SDGs. They
have analysed which data is available for all SDG related indicators. Not for all indicators, data is
available. The ministries work closely with governmental and non-governmental organisations,
businesses and scientific organisations for the implementation and monitoring of the SDGs.
For the water-related SDGs, the Ministry of Infrastructure and the Environment leads the
implementation and monitoring process for the water related indicators, within the framework of
the national SDG efforts and GEMI. Work is done in close collaboration with Statistics Netherlands.
Statistics Netherlands has identified for each indicator which data was available in their databases,
which is in accordance to the SEEA Central Framework. Regular meetings were organised to discuss
progress on each indicator and the best approach to include the Dutch water sector. For each
indicator, a coordinator working with the Dutch government was identified. This was specifically
done to ensure that the process of monitoring will serve decision making processes and thus the
implementation of the SDGs.
The coordinator was invited to select a group of experts with in-depth knowledge of the topic and a
large network in the water sector. Lead organisations in the water sector, both governmental and
non-governmental, were invited to join the process. To facilitate inclusion of as many insights and
knowledge as possible, focus group discussions were organised for most of the indicators.
The Work in Progress workshop organised from 7 to 9 September in Delft provided a good incentive
for the coordinators and experts to provide feedback in a short period of time. After the workshop,
time was available for an additional round of feedback and confirmation of roles. The outcomes are
included in this report.
6

In the Netherlands, we have data readily available to monitor indicators 6.3.1, 6.3.2, 6.4.1, 6.4.2 and
6.5.2. All this data can be collected from existing international reporting requirements and from the
SEEA based water accounts compiled by Statistics Netherlands. This ensures that more countries can
provide the data requested for GEMI. For 6.3.1 and 6.5.2 data was already collected. For the other
indicators, this will be done next year, when monitoring for SDG 6 starts.
For the indicators linked to 6.4, additional research was done on which methods can best be used to
monitor the indicators. The outcome of this is added as addendum. For 6.5.1, a group of experts
needs to be brought together for a focus group discussion to collect the data. For 6.6.1, data is
collected by the provinces, the PBL Netherlands Environmental Assessment Agency andWageningen
University. Statistics NL, in cooperation with Wageningen University, is developing the ecosystem
accounts for the Netherlands. In 2017 and 2018, work on a Condition Account and Capacity Account
is planned. These accounts can provide valuable data for indicator 6.6.1. Based on the final
monitoring methods provided by GEMI, Statistics NL, Rijkswaterstaat and Wageningen University will
identify which data is most relevant for the monitoring of SDG 6.6.1.
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General lessons from the Netherlands approach to the proof of
concept phase
Resources and capacity building:
Setting up a monitoring system requires a clear idea on which data is needed, the infrastructure
needed to collect this data, and resources to set up this infrastructure such as expertise, time and
funds.
To ensure funding and time of experts is available for implementation and monitoring of the water
SDGs, the project needs to be on the political agenda to be integrated in the financial and human
resources planning.
For the implementation of the SDGs and monitoring of the water indicators in 2017 and beyond, the
project is now integrated in the financial and human resources planning of the coordinating
agencies, of which Statistics Netherlands and the Ministry of Infrastructure and the Environment
play the most important role for water. However, for the proof of concept period, this was not yet
done as it was a project accepted and developed within one year, and implemented over the course
of four months. Many of the experts who have contributed to the review of the indicators and data
availability in the Netherlands have done so as they found it an interesting and important project,
finding time themselves in their mostly busy schedules.
We have noticed how important it is to have very clear step-by-step guides, which can also be used
by people who do not have extensive knowledge of the SDG process, how important it is to include
enough time in people’s yearly schedules to contribute to the data collection activities, and thus the
importance to allocate enough funds to finance time of experts.
Results
In the Netherlands, we have data readily available to monitor indicators 6.3.1, 6.4.1 and 6.4.2. For
indicator 6.3.2, 6.5.1, 6.5.2, and 6.6.1, data are available but it needs to be gathered from different
institutions. A necessary step to ensure The Netherlands will be able to provide data to the UN
custodian agencies next year is to identify lead institutions for these indicators and to decide if the
data will be provided through the Central Bureau of Statistics or through other organisations.
The process of bringing together different experts has proven to be very effective and resulted in
several connections between experts and organisations which had not met before. This is
remarkable as in the Netherlands, almost all organisations in the different water subsectors are
familiar with each other.
The large and inclusive role of Statistics Netherlands (CBS) in the preparations provided inspiration
for experts in the water sector who gained new insights in the work of the CBS and for the experts of
the CBS to tap into new data sources. The CBS plays a central role in the collection of data for all
SDGs, but GEMI accelerated the process within the CBS for the water goals. The GEMI process also
provided a boost for the discussion on how to combine the best of the SEEA based water accounts
and water accounting databases. The SEEA based water accounts compiled by Statistics Netherlands
bring together a wide range of water statistics across different industries, and provide a useful
starting point for the compilation of many of the SDG indicators related to water, particularly 6.3.1
and 6.4.1.
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Through the GEMI process, water experts in the Netherlands gained more insight in the SDGs as
GEMI provided a tangible activity for the SDGs. This will enable the Dutch water-sector to support
other Western and perhaps Southern countries alike in the implementation and monitoring of the
water SDGs.
As concrete outcomes, the GEMI process led to:
- A consortium of organisations worked on testing the value of different monitoring methods –
surveys, satellite data, modelling – to gather data for indicators 6.4.1 and 6.4.2 linked to
progressive monitoring. This project was funded by the Ministry of Infrastructure and the
Environment.
- A consortium assessed whether biomonitoring, an in particular fish species, can be added to
indicator 6.3.2 as an additional or alternative water quality indicator. The presence of certain
fish species indicates that the basic ecological requirements (food, shelter, reproduction) and
a minimum of water quality or habitat availability are being met.
As an additional spinoff of the workshop, The Netherlands is discussing with UN Water how to
support the global roll-out of the GEMI process, including involving more countries in the monitoring
of the water related SDGs.
Lessons learned
As proof of concept country, we have learned several lessons about what is needed to ensure that
the water targets are effectively monitored such that it leads to enhanced implementation of policy
and ultimately meeting these targets. This feedback and lessons were broadly shared by the other
Proof of Concept Countries during the work in progress workshop. Please find the summary of this
workshop in Annex 3
The indicators and methodologies proposed provide a good basis to work from. General feedback is
given on a few definitions, norms and references used, as not all were immediately clear or
understood in the same way by each proof of concept country. Clear concepts and definitions is
critical for success and comparability of the results. To this end, it is advisable that existing statistical
standards and their corresponding definitions, such as those encompassed in the SEEA Central
Framework and SEEA Water, are used to define the indicators where applicable.
There are still questions that need answering; on who is responsible for what, and how will
information be shared at the global level. This uncertainty influences and may inhibit countries to
develop additional activities, such as providing open source information and developing innovative
methods for implementation and monitoring of the SDGs. Therefore, there is a need for clarity on
the bandwidth countries have to gather additional data, and how this will be shown at the global
reporting level.
Currently there is limited attention for sustainability in the indicators. It was also remarked that the
indicators give little feedback to policy makers on how to adjust policies and activities. This needs to
be adjusted in the methodologies.
It needs to be re-emphasised that monitoring of SDG indicators is not about data gathering for the
sake of data gathering, but to support decision making processes for improved implementation of
the SDG targets. Therefore, it is important to link the monitoring process to policies in countries,
enabling policy makers to identify where action is needed, and how to improve the local situation.
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Integration of the indicators under SDG 6 is key; do not separate SDG6 from other SDG’s too much,
and approach SDG6 in an integrated manner. For this reason, using existing statistical standards to
monitor SDG 6 (SNA and SEEA) allows for comparison between the water-related indicators with
economic and other environmental information compiled using the same framework.
To facilitate this, data should be analysed comprehensively. The indicator methodologies of target
6.3 to 6.6 facilitate this to some extent, as some of the methodologies build on data of other
indicators.
It is needed to develop and include the progressive monitoring approach and apply it to more
indicators. Additional indicators on regional variations should be included: e.g. coping mechanisms in
water stressed areas. Also, the contextual reality is important: How does a method/indicator
perform in hyper arid areas?
Last but not least, it’s important to have face to face meetings and opportunities to exchange new
insights and methods to monitor the indicator.
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Information flows
Please find below an overview of data sources and institutions involved in monitoring the targets in
the Netherlands. For 11.5, this is will be defined the coming weeks.

11

Feedback per indicator
This part of the report follows the Review framework for the pilot testing of the draft monitoring
methodologies for SDG 6 global indicators, made by UN Water. It helped us to identify which
information was missing after the input provided by the CBS and experts.

Contact persons
For each indicator, we have included information on the Netherlands coordinator for the proof of
concept period and the organisation that will be in charge of data collection.
The coordinators role was to identify expert organisations who could contribute to the review of the
proposed methodologies prepared by the UN custodian agencies and to identify which data is
available, or should be collected, to monitor the indicator.
The organisation that will be in charge of data collection will do so for the next 15 years for the
whole period of the SDGs. For most indicators, Statistics Netherlands collects and processes the
data. For some indicators, the data will be collected and processed by other organisations, and will
then be delivered to Statistics Netherlands for reporting purposes. Contact persons at Statistics
Netherlands are Cor Graveland (c.graveland@cbs.nl) and Kees Baas (k.baas@cbs.nl).
For all indicators, we have indicated who should be contacted for information on the data collection
process. When contacting these people, please cc Monique Berendsen
(Monique.Berendsen@minienm.nl), and of the overall coordinator for SDG 6 for the coming years,
Ronald van Dokkum (ronald.van.dokkum@rws.nl).

Note on 6.1 and 6.2
The Netherlands supports comprehensive monitoring of the SDGs for water. This entails that
information linked to the monitoring and implementation of these indicators are managed by the
same ministry, ensuring that the different processes strengthen each other through sharing
information, best practices and lessons learned.
For SDG 6.1 and 6.2 no thorough discussions on monitoring have taken place yet in the Netherlands.
SDG 6.1 and 6.2 are important goals with strong interlinkage and dependency with the other SDG 6
goals. Data for 6.1 and 6.2 will be gathered by the Joint Monitoring Programme (JMP) of WHO and
UNICEF. Although the JMP runs already for a longer period for the MDG on drinking water and
sanitation also for SDG 6.1 and 6.2 the process should be followed to identify data need and
availability. It should be noted that the target elements of 6.1 and 6.2 go far beyond the MDG (like
“safe”, “adequate”, “equitable”, “affordable”), have additional indicator elements and data
requirements, which give need for further discussion and guidance.
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SDG 6.1
Indicator monitoring methodology
being reviewed:

6.1.1 - Proportion of population using safely managed
drinking water service

Government bodies / other
institutions involved in the testing:

Ministry of Infrastructure and the Environment, Statistics
Netherlands, Netherlands National Institute for Public
Health and the Environment (RIVM), Association of Dutch
Water Companies, VEWIN
Jelka Appelman
jelka.appelman@minienm.nl
Netherlands National Institute for Public Health and the
Environment (RIVM)
Association of Dutch Water Companies, VEWIN

Contact person:
Data collecting agency

Data will be processed by Statistics Netherlands
Methodology:
 The methodology as described in the Joint Monitoring Programme (JMP) methodology gives
as proposed global indicator safely managed water. The methodology also gives several
service ladders with distinction to household services and extra-household services. This gives
information about vulnerable situation and special groups (schools and health care facilities).
The methodology does not give instructions how to assess for example equitability and
affordability. The methodology seems to be not complete yet.
Feasibility:
 In the Netherlands there is a Drinking Water Quality database which is also used for EU
reporting, linked to the European Drinking Water Directive. Therefore, reporting on drinking
water quality is probably not a problem for other EU Member States. However, effort for other
MS might be more dependent on alignment of reporting systems. In the Netherlands there
are only 10 drinking water companies, which serve approximately 100% of the Dutch
population. It will be more challenging for Member States with a lot of smaller (and thus many)
drinking water supplies.
 In the NL in the quality data base no distinction is made between households and extra
household services. The Netherlands will probably not be able to submit disaggregated data
for these service levels. It is not clear which data are needed for disaggregation of data for
equitability (f.e. gender). Therefore, it is not possible at this moment to conclude on feasibility
for this target element. Further instructions and discussion with regard to data need is
needed. The same applies for affordability.
Indicator:
 How to measure safely managed drinking water. The definition given in the JMP methodology
is population using an improved drinking water source, which is located on premises, available
when needed and free of faecal and priority chemical contamination. WHO/UNICEF are
preparing a questionnaire for countries concerning data to be submitted. With regard to
13




drinking water quality the data requirements are focused on fluoride, arsenic and microbial
standards. These are the global data needs. Countries can add other data when appropriate.
The question is however if the data in the questionnaire cover the target safely managed. It
would be good to add information like Water Safety Planning in place, which gives an
indication that drinking water is safely manged from source to tap.
It is not clear yet which indicator with data is needed to monitor affordability and equitability.
Comments were give on data needs. Countries need further information and instruction, like
the JMP questionnaire, for discussion and prepare reporting.

Effectiveness:
 Adding qualitative data would be good to support the design of better implementation
policies.
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SDG 6.2
Indicator monitoring methodology
being reviewed:
Government bodies / other
institutions involved in the testing:

6.2.1 - Proportion of population using safely managed
sanitation services, including a handwashing facility with
soap and water
Ministry of Infrastructure and the Environment, Statistics
Netherlands, Netherlands National Institute for Public
Health and the Environment (RIVM)

Contact person:

Jelka Appelman
jelka.appelman@minienm.nl

Data collecting agency

Statistics Netherlands (CBS)
Cor Graveland c.graveland@cbs.nl
Kees Baas – k.baas@cbs.nl

“By 2030, achieve access to adequate and equitable sanitation and hygiene for all and end open
defecation, paying special attention to the needs of women and girls and those in vulnerable
situations”
Methodology:
 The methodology as described in the JMP methodology gives as proposed global indicator
population using safely managed sanitation services. The methodology also gives several
service ladders with distinction to household services and extra-household services. This gives
information about vulnerable situation and special groups (schools and health care facilities).
The methodology does not give instructions how to assess for example equitability and
vulnerable situations. The methodology seems not to be complete yet.
 It was discussed how one monitors hand washing. Availability of water and soap are the
indicators. It is difficult to measure if it’s actually used though. Currently there are pilots being
performed that try to actually follow what people do.
Feasibility:
 More information is needed to assess feasibility to monitor population using safely managed
sanitation services. There is a clear overlap with SDG 6.3.1, so the monitoring of 6.3.1 and
6.2.1 should be aligned. A distinction is made between household services & schools facilities.
NL can probably not give this disaggregation of data. The same applies for hand washing and
menstrual hygiene facilities. There is however legislation in place with regard to hygiene in
various situations which probably can be referred to.
 It is not clear which data are needed for disaggregation of data for equitability (f.e. gender).
Therefore it is not possible at this moment to conclude on feasibility for this target element.
Further instructions and discussion with regard to data need is needed.
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Indicator:
 For SDG 6.2 two indicators are proposed: 6.2.1 Population using safely managed systems and
6.2.2 hand washing facilities.
 How to measure people using safely managed sanitation services. The definition given in the
JMP methodology is population using an improved sanitation facility which is not shared with
other household and were excreta are safely disposed in situ or transported and treated of
site. WHO/UNICEF will develop a questionnaire for countries concerning data to be submitted
comparable to the questionnaire for SDG 6.1. With regard to 6.2.2 availability of basic
handwashing facilities and menstrual facilities are data to be submitted. Handwashing is an
important facility to avoid diseases.
 It was discussed how one monitors hand washing. Availability of water and soap are the
indicators. It is difficult to measure if people actually use these facilities. Currently there under
Protocol on Water and health pilots being performed that try to actually follow people’s
handwashing behaviour.
 It is not clear yet which indicator and data is needed to monitor equitability and the position
of vulnerable groups (also special cases).
Effectiveness:
 Adding qualitative data would be good to provide better monitoring.
 A general remark was made about the different institutions with various questionnaires. With
regard to lower the administrative burden a request was made for alignment.
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6.3.1
Indicator monitoring methodology
being reviewed:

6.3.1 - Wastewater safely treated

Government bodies / other
institutions involved in the testing:

Ministry of Infrastructure and the Environment, Statistics
Netherlands, Rijkswaterstaat, RIONED

Data collecting agency

RIONED delivers data via Statistics Netherlands (CBS)
Cor Graveland c.graveland@cbs.nl
Kees Baas – k.baas@cbs.nl
Meinte de Hoogh - Ministry of Infrastructure and
Environment - European Water Framework Directive
meinte.de.hoogh@minienm.nl

Contact person: (please cc contact
persons of data collecting agency as
well, as all three of them have been
working equally on identifying data
and reviewing the method)

1. What were the technical steps taken in testing the monitoring methodology of the indicator?
All data needed is already collected for other purposes In the Netherlands. The Experts of the
Ministry of Infrastructure and the Environment and Statistics Netherlands have analysed the
methodology, focusing on data available for safely treated wastewater by households and
wastewater from economic activities. Outcomes of this discussion are added to this part of the
report.
Statistics Netherlands has checked availability of data in their system, based upon their
developed water statistics and SEEA-type water accounts
(http://unstats.un.org/unsd/envaccounting/seeaw/) , and in the Netherlands as a whole, as part
of the monitoring of the SDGs. Conclusion is that data is available, and that this data is validated
and checked for quality. The data are generated through the Dutch waste water statistics and
connected Water Accounts (emissions). Clarity still needs to be given on the definition of
hazardous to be able to provide clear data to the UN Custodians.
Additional data is required from RIONED, the organization bringing together governmental and
nongovernmental organisations who are professionally involved in the management of sewage
and urban water management.
2. Which institutional arrangements were made for testing the monitoring methodologies, and
for coordination across government bodies, including the national statistics office?
Statistics Netherlands is the organization which identifies first and foremost which data is
available. They have done so for all SDGS. Due to the GEMI process, identifying which data was
available for the water SDGs was a priority.
The Ministry of Infrastructure and the Environment will ensure data from RIONED is transferred
to the CBS for analysis and calculation of the indicator.
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Which resources and capacity were required?
The data requested by the UN custodians is already being gathered for other purposes. The
exercise for this target is identifying which data is available in which database, and to ensure it is
coupled well and sent to the UN custodian. It is identified that it is possible to provide the
requested data annually, although it is not produced on an annual basis at this moment.
An estimation of time needed is given below:




Coordination – 2 days
CBS identification of data – 2 days
Review of methodology by different experts – 3 hours, 2 people

3. What feedback do you have on the following, as experienced during testing and/or foreseen
during future implementation:
a. the methodology
 Is the proposed monitoring framework for wastewater from households and
industries understood by stakeholders in the sector? If no, which parts are not well
understood?
o They are well understood
o Three questions arose in the review of the methodology:
 How to incorporate information on unintended leakages of
wastewater from sewer systems as well as combined sewer
overflows in the methodology? Statistics Netherlands did some
estimations on the flows of combined sewer overflows which could
be incorporated in the national method. Question whether this will
change the indicator’s outcome significantly.
 For policy makers, it is important to know what the source of
pollution is. For this end, it was requested if it is possible to
differentiate between sewage from households and industry. WHO
has a methodology on this and will share the spreadsheet.
 What is the definition of ‘Hazardous wastewater’? See also point
4.c.
 Were any data gaps or data quality issues encountered? For example, is there
verified regulatory data on off-site wastewater treatment?
o Yes. Data is being gathered on the following parameters:
 To piped sewers
 To septic tanks
 To pit latrines
 To other systems
 Shared, unimproved, elsewhere, open
 Industrial wastewater discharged to surface water.
 Industrial wastewater treatment facilities.
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Where no official data exists, what reliable sources of data are available or exist
for wastewater from on-site facilities?
 n/a
Does your country have an inventory of industrial discharges and data on
compliance with permits?
 Yes - the Pollutant Emission Register and for the European
Pollutant Release and Transfer Register
What assumption can be applied where data is lacking?
 n/a
Do you routinely compare the results of water quality monitoring in particular
areas where wastewater discharges are monitored?
Yes all databases are updated on a routinely basis for national and international use.
For instance the emissieregistraties (Pollutant Emission Register3) is used to monitor
discharge of industrial sources to surface water. Water which is discharged to the
sewage system is treated 100%.
Which opportunities exist to integrate and extend existing data collection and
reporting over the next 1-3 years to cover gaps in the proposed methodology?
A challenge remains the registration of overflow of wastewater from the sewage
system to surface water. We are identifying opportunities to take this into account
when calculating the indicator. The data is not collected in m3 but in amount of
substance (using the PSUT - Physical Supply and Use Table).
Opportunities exist to include different databases, when it becomes clear what will
be included under ‘hazardous’. For instance to include further information, in the
framework of progressive monitoring’ about specific industries following the
International Standard Industrial Classification of All Economic Activities (ISIC). This
can be linked to information in the European Pollutant Release and Transfer Register
(E-PRTR)4 resulting in a deeper insight which industries pollute most and where to
direct policies effectively.
In this regard, a survey was sent to industries to identify the amount of wastewater
treatment sludge5. This was done to identify resources which could potentially be
reused; a change in thinking has taken place, from looking at waste as ‘waste’ and
looking as waste as potential resources. This helps bringing different parties
together and create a willingness to identify which substances can be reused, hence
investing in reducing the amount of potential hazardous material.

b. the clarity and usefulness of the step-by-step guide
Feedback was provided on the semantics: What is the definition of hazardous or safely
treated? It was mentioned that at global level, the discussion on what ‘safely treated’ means
should be raised, but the reality is that there are different standards for each country. This
can be part of the monitoring ladder: there will be different standards for different parts of

3

http://www.emissieregistratie.nl/erpubliek/bumper.en.aspx
http://ec.europa.eu/environment/industry/stationary/eper/implementation.htm
5 http://www.cbsvooruwbedrijf.nl/index.aspx?Chapterid=704
4
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development. Within the EU area, it is advisable to seek alignment with the treatment
classification/requirements of the Urban Wastewater Treatment Directive.
In the Netherlands reporting on 6.3.1., the ‘hazardous wastewater’ initially will be identified
on basis of ISIC coding of the industrial companies discharging to surface water, in
combination with information on industrial wastewater treatment. This will be elaborated in
the coming year. Next step up the ladder can be to select the hazardous wastewater flows
on basis of loads or concentrations of hazardous substances. This information is available via
the Dutch PRTR reporting systems. However, this exercise will require a substantial extra
effort.
4. Are the data obtained using the draft methodologies likely to be useful at national and
subnational levels?
Yes, the data is already gathered. The methodology used is based on the international statistical
format applied by Eurostat and OECD and aligns with SEEA - Water, as recommended in the
methodology in the GEMI documentation.
The Dutch feedback on the monitoring of wastewater focused on water from households and
wastewater stemming from economic activities.
5. How does the monitoring of this indicator link to existing processes and to the measurement of
other indicators (at the national, sub-national, regional or global levels)?
All data provided is already being gathered for policy making at the national, regional and local
level. Data provided comes from the developed water statistics within statistics Netherlands and
become part of the water emission accounts applying SEEA format. SEEA – water building upon
developed water statistics presents in a common framework the relationship between the
hydrological system and the economy. As such data on abstraction, water use, wastewater
generated and returned to the environment as well as water availability come from a common
framework making the indicator consistent with the other indicators in Goal 6 (e.g. 6.4.1 and
6.4.2).
6. Considering feasibility and usefulness, what do you think would be the most appropriate
frequency of measurement of this indicator in your country, e.g. annually, every 2 years, 3
years, etc?
Data for households is gathered every three years. As the 99.4 % of the households is connected
to the sewage system and 0.6% to septic tanks, no big changes are expected in these numbers. It
might therefore be most useful to report every three years. If needed, data can be interpolated
and an updated figure can be given each year.
7. Do you wish to share any other issues arising from your experience of pilot testing the
indicators not covered by other questions?
We would like to stress the important of defining what is hazardous, to ensure data can be
compared over time.
The Netherlands almost scores 100% on this indicator. However there are still important water
quality issues that we would like to put on the agenda, emerging pollutants such as micro-plastics
or residues of medicines. It would be helpful is these could be addressed in the reporting system.
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Overview of data available in the Netherlands linked to target 6.3.1

Sustainable
Development Goals
6.3.1. Proportion of
wastewater safely treated
Meinte de Hoogh (IenM) i.s.m.
Kees Baas en Cor Graveland (CBS)

24 oktober 2016

Content
Part A: Wastewater households + feedback
Part B: Wastewater economic activities + feedback

2

Ministerie van Infrastructuur en Milieu

24 oktober 2016
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Part A: safely treated wastewater by households
waste water treatment systems

3

Ministerie van Infrastructuur en Milieu

24 oktober 2016

Parameters the Netherlands Households
P

_C

_S

To piped
sewers

PSP 99,4

PS_C
100

To sceptic
tanks

STP 0,6

ST_C 100

To pit latrines

X
X

PLSM

To other
systems

X
X

OSSM 0,3

ST_S 100

TBP 100
Shared,
unimproved,
elswehere,
open

X
X
X
X

Total non
basic
sanitation

NBP 0

Total basic +
basic
sanitation

TBP + NBP
100

_E

ST_E 100

_D

_T

_SM

PS_D
100

PS_T 100

PSSM 99,4

ST_D
100

ST_T 100

STSM 0,3

Total safely treated

SMSS 100

Zie bv ook StatLine: Urban waste water treatment
4

Ministerie van Infrastructuur en Milieu

24 oktober 2016
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Feedback on waste water and treatment from
Households
•

•

The data of households are available and updated every 3 year by RIONED. There is a
difference between % of households (RIONED) and % of population (proposed
framework).
Waste water of households and human waste are ‘mixed up’

Questions:
• How to deal with leakage (damaged/cracked/) of piped sewers and/or septic tanks?
• Water statistics: emissions to water compiled once every 2 or 5 (?) years (time series)
Data availability:
• Water statistics: a) statistics on wastewater treatment (yearly), b) emissions to water
compiled yearly but updated for key years only and the last two years. Available time
series: 1990-1995-200-2005-2010-2013 and 2014
• Water accounts: emission to water by industry every two years or 4 years (time series)

5

Ministerie van Infrastructuur en Milieu

24 oktober 2016

Part B: Wastewater from economic activities

6

Ministerie van Infrastructuur en Milieu

24 oktober 2016
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Feedback industrial activities
Situation Netherlands:
1. Commercial establishments and non-hazardous industries discharge on
piped sewers (available, 2012)  100% treated in WWTP’s
2. Industry discharge directly on surface water (available on yearly base,
‘emissieregistratie’):
– Non hazardous substances without treatment
– Non hazardous substances with treatment
– Hazardous substances with treatment
– Hazardous substances without treatment (if any), discharge on:
• Sea
• Inland waters
Definition/criteria hazardous?

7

Ministerie van Infrastructuur en Milieu

24 oktober 2016

Availability data
•
•
•
•

•
•
•
•

8

Data: Statistics Afvalwaterzuivering bij bedrijven provides data on waste
water treatment within private companies (yearly)
Emission inventory provides data on volumes of waste water discharged
(yearly) and loads of substances: can be used for the ‘hazardous’ criteria.
Water accounts: emissions to water can be compiled on regular basis, now
every 2 or 4 years
Combines physical emissions with economic activity by industry (from
Statistics Netherlands: National Accounts) for intensity / productivity
calculations
Ready for monitoring development of emission-intensity by Dutch economic
activity (National Accounts / water accounts)
Normally each second year
Used for policy (I.e. Min. I&M, Rijkswaterstaat, ..)
Data are not collected on regular base, but on request.

Ministerie van Infrastructuur en Milieu

24 oktober 2016

24

Examples of available data related to emissions to water from
particular economic activities in Netherlands
•

Emissions to water by origin and by
• Time series
destination (Water accounts)
• Emission-intensity: Emissions /
Physical supply and use tables per
economic performance (kg/€) per
substance.
sector per substance or equivalents.
Heavy metals and nutrients emissions
Distinguished per economic sector
and households (in water accounts)
Riverine inflow (loads) from other
countries and outflow to Northsea
Data on absorbed loads / treatment
efficiencies
Data are related / compatible with
the economy ‘National Accounts’
See StatLine:
– ‘Afvalwaterzuivering bij bedrijven’
Bron: CBS (Water statistics/ water accounts)
– ‘Emissies naar water’

•

•
•
•

•
•
•

9

Ministerie van Infrastructuur en Milieu
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References and data used for 6.3.1
Please find below an overview of references that are being used to identify which data can best be
used for the proposed monitoring methodologies:
SEEA – IRWS: http://unstats.un.org/unsd/envaccounting/irws/
SEEA, System of Environmental-Economic Accounting (SEEA)




SEEA: http://unstats.un.org/unsd/envaccounting/seea.asp
SEEA-Water: http://unstats.un.org/unsd/envaccounting/water.asp &
http://unstats.un.org/unsd/publication/seriesf/Seriesf_100e.pdf

CBS (2016). Physical Supply- and Use table for Water (SEEA-Water) (Fysieke Aanbod- en Gebruiktabel
Water, 2008, 2010, 2012). (. https://www.cbs.nl/-/media/_excel/2016/00/160222_psut_tabellen.xls
Centraal Bureau voor de Statistiek. (2014, 18 november). Data set water us of industry and
households (Watergebruik bedrijven en particuliere huishoudens); Nationale rekeningen [Dataset].
Geraadpleegd op 21 mei 2015 van:
http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=82883NED&D1=a&D2=a&D3=a&VW=T
Eurostat (2016A). Database – Eurostat – Environment and energy. Data: Environment (env) – Water
(env_wat) – Water statistics on national level (env_nwat) - Renewable freshwater resources
(env_wat_res) OR: - Annual freshwater abstraction by source and sector (env_wat_abs) OR: Water
made available for use (env_wat_use) OR: Water use by supply category and economical sector
(env_wat_cat) OR: Water use in the manufacturing industry by activity and supply category
(env_wat_ind) ETC. This is data from the OECD - Eurostat Joint Questionnaire on Inland Waters (JQIW). http://ec.europa.eu/eurostat/data/database .
Statistics Netherlands (2014), Environmental accounts of the Netherlands 2013. Heerlen/The Hague.
Statistics Netherlands (CBS) (2013), Environmental accounts of the Netherlands 2012. Heerlen/The
Hague.
Statistics Netherlands (CBS) (2012), Environmental accounts of the Netherlands 2011, Heerlen/The
Hague.
Statistics Netherlands (CBS) (2015), Green growth in the Netherlands 2015, Heerlen/The Hague.
Statistics Netherlands (CBS) (2013), Green growth in the Netherlands 2012, Heerlen/The Hague.
Statistics Netherlands (CBS) (2016). National Accounts of the Netherlands 2015. Heerlen/The Hague.
Statistics Netherlands (CBS) (2014). National Accounts of the Netherlands 2013. Heerlen/The Hague.
United Nations, 2008. International Standard Industrial Classification of All Economic Activities,
Revision 4. Statistical papers Series M No. 4/Rev.4. Department of Economic and Social Affairs,
Statistics Division. United Nations, New York.
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6.3.2
Indicator monitoring methodology
being reviewed:

6.3.2 - Good ambient water quality

Government bodies / other
institutions involved in the testing:

Ministry of Infrastructure and the Environment,
Rijkswaterstaat, Statistics Netherlands, Deltares,
Informatiehuis water

Data collecting agency

Informatiehuis Water
Paul Latour - P.Latour@ihw.nl
(will be given to Statistics Netherlands (CBS)
Cor Graveland c.graveland@cbs.nl
Kees Baas – k.baas@cbs.nl

Contact person:

1.

Marcel van den Berg, Rijkswaterstaat,
marcel.vanden.berg@rws.nl

What were the technical steps taken in testing the monitoring methodology of the indicator?
Experts of Rijkswaterstaat have analysed the methodology. This was shared during the Work in
Progress workshop from 7 to 9 September. Additional feedback was requested from
Informatiehuis Water (a cooperation between the national and provincial governments and the
waterboards to provide uniform, open and useful information about water in the Netherlands),
and Deltares. Outcomes of this discussion are added to this part of the report.
Statistics Netherlands has checked availability of data in their system, and in the Netherlands as a
whole, as part of the monitoring of the SDGs. The data is not available in their systems, but is
reported on via the Water Framework Directive (WFD), of which the data is held by the
Informatiehuis Water. The data is used though to develop water quality accounts in an attempt
to apply the SEEA formats.
Conclusion is that all data requested is being delivered in the Netherlands already, and should be
fine for the rest of Europe as well. Except for EC/TDS which is not reported in the Water
Framework Directive database. Instead of EC, they can provide chloride concentrations which can
be converted.
It was identified that this methodology and indicator would benefit from including a focus of
drivers causing better or worse water quality, supporting decision-making. Also, several European
countries find it challenging to provide (regular) data for the Water Framework Directive. Advise
would be to include information on ecological parameters such as fish. A proposal on how to
approach this is currently being prepared.

2. Which institutional arrangements were made for testing the monitoring methodologies, and
for coordination across government bodies, including the national statistics office?
Statistics Netherlands is the organization which identifies first and foremost which data is
available and which organisations hold the information. They have done so for all SDGS. Due to
the GEMI process, identifying which data was available for the water SDGs was a priority.
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Currently the data for this indicator are not held in the national statistics database, but are only
present in authorized (nationally and regionally) and public databases. These are gathered by
project Informatiehuis Water. They will gather the data and provide this in excel format to the
CBS.
3. Which resources and capacity were required?
An estimate of resources linked to monitoring of 6.3.2 is provided below.
 Coordination – 2 days
 CBS identification of data – 1 day
 Report on including ecological parameters such as fish: one day
 Rijkwaterstaat identification of data: 1 day
 Informatiehuis Water: 1,5 days
4. What feedback do you have on the following, as experienced during testing and/or foreseen
during future implementation:
a. the methodology
 Is there an existing ambient water quality monitoring station network in place?
Does the network cover all or a representative number of water bodies/basins? Is
it necessary to develop a new network?
o Yes
o It was felt that more guidance was needed on the density of monitoring
stations in the step by step guide. The possibility of adding a weighting to
stations in the calculation was suggested but this could lead to political
issues
 Are there existing ambient water quality target values for the five parameters
necessary to calculate the index? If not, are there historical monitoring data that
could be used to determine preliminary target values?
o Data is available, except for EC/TDS which is not reported in the Water
Framework Directive database. Instead of EC, they can provide chloride
concentrations which can be converted. This needs to be indicated in the
step by step guide.
 Are data on ambient water quality regularly collected and in which time
sequence?
o Yes, in the framework of the Water Framework Directive. It is collected
annually. A report is made every six years. A shadow report is delivered by
the Environmental Assessment Agency every three years.
 Are data on ambient water quality readily available? Through which institution are
the data made available?
o Yes, Rijkswaterstaat, Informatiehuis Water.
 Would online training on this indicator be of assistance for the national efforts? If
so, who should be the target audience?
o N/a – as efforts are linked to the Water Framework Directive.
 Will national authorities be able to calculate a national water quality index, as
outlined in the step by step methodology? If so, which national authority? Will the
data be made available in the SDG reporting process?
28

o



Yes, data is already gathered, but by different organisations. The next step is
to bring this information together.
o Some European countries already cannot make the requests of the EU, so it
might be very difficult for the Global South to hold to these parameters.
 It might give more information to give numbers on treatment plants
and the treatment steps used.
 Or the ecological information; is there a fully grown fish present in
this water? This already gives much information. Adding the types of
fish for example adds even more. It will provide information and a
link to physical interventions (dams, fish migration mitigation) and
the production (sustainable consumption).
 City bonds, water board MoU or university bonds could help to
improve conditions/knowledge in the Global South
 Perhaps better to look at legislations in the country concerning
permits on waste water discharges, etc.
 It would be more interesting to look at the drivers causing the water
quality, like for example industry, agriculture, cities, fishery.
 Or to the response to improve water quality.
Alternatively, should the custodian UN agency assist in providing these data
processing and index calculation services (e.g. through the UNEP GEMS/Water
Data Centre)?
It is not needed to do so as we can provide information, but of course we are open
to discuss collaboration.

b. the clarity and usefulness of the step-by-step guide
 The word ambient is not well-defined. When is water ambient? In the Netherlands
we hold protocols for this.
 In the European Union they use the DPSIR framework: Driver, Pressure, State,
Impact, Response of which driver, status, impact is the most important. (Example:
Agriculture, m3 of discharges, amount N in water, resulting in cyanobacteria). This
approach says much about sustainability and whether something can be optimized,
and will give policymakers better insights in how implementation efforts can be
optimized. The water statistics and SEEA water emission accounts, provide insight
emissions to water across all sectors / detailed industries.
o This might be a good addition on the framework of progressive monitoring.
That would be a good ladder for the SDG as well.
5. Are the data obtained using the draft methodologies likely to be useful at national and
subnational levels?
Yes, they are already obtained in the framework of the Water Framework Directive. They can be
more useful, please see the answer under 4.b
6. How does the monitoring of this indicator link to existing processes and to the measurement of
other indicators (at the national, sub-national, regional or global levels)?
Data is obtained in the framework of the Water Framework Directive.
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7. Considering feasibility and usefulness, what do you think would be the most appropriate
frequency of measurement of this indicator in your country, e.g. annually, every 2 years, 3
years, etc?
Yes, in the framework of the Water Framework Directive. It is collected annually. A report is
made every six years. A shadowreport is delivered by the Environmental Assessment Agency
every three years. It is possible to provide the data every year if wished for.
8. Do you wish to share any other issues arising from your experience of pilot testing the
indicators not covered by other questions?
Please find below a proposal to include fish as water quality indicator.

Proposal related to target 6.3.2: Fish as water quality indicators
Prepared by Deltares
Fish needs oxygen to breathe, needs food, and needs to reproduce, and fish are relatively long living
aquatic organisms. Therefore, fish are potentially excellent indicators for the water quality
representative for a longer time scale. A number of WISER-documents (EU project) provide an
overview of fish-based indicators developed in Europe and North America (Pedron et al. 2013; PerezDominguez et al. 2012). The use of such indicators is simply justified like this: “The presence of any
fish species indicates that the basic ecological requirements (food, shelter, reproduction) and a
minimum of water quality or habitat availability are being met. Likewise, finding species with stricter
habitat requirements indicates better conservation and of key species indicates better conservation
status and hence less disturbed conditions for that area”. This basic principle has been used to
define habitat integrity in monitoring programs. Many metrics have been developed to indicate
status as influenced by a variety of anthropogenic pressures:
 Hydromorphological pressures
o Channeling and dredging (main river channel)
o Land reclamation (flood plains, estuaries)
o Flow manipulations (dams etc.)
 Chemical and physical pressures
o Chemical pollution
o Eutrophication
o Increasing water temperature
 Biological pressures
o Overfishing
o Invasive species
Most indices reviewed are multi-metric, combining several metrics in a number of categories:
 Species composition
o Tolerant / intolerant species
o Ecological niches (e.g. phytophilic species)
o Trophic composition (omnivores, piscivores etc.)
o Migrating species
 Abundance (numbers / biomass dominant, native, etc.)
 Diversity (indices; Shannon-Weaver etc.)
 Condition/reproduction
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o
o

Health (% with disease, anomalies)
Length distribution (fry, year-classes)

Different metrics may be related to different pressures and specific indices may be selected to target
specific pressures. A metric like the share of migratory species may indicate hydromorphological
pressures, metrics like total abundance, share of phytophilic or tolerant species may indicate
chemical or physical pressures, length distribution may indicate biological pressures. Pedron et al.
(2013) summarize and compare a number of multi-metric indices developed for North American
(incl. Mexican) and European waters, with a lot of emphasis on identification of and comparison with
reference conditions and based on intensive, standardized sampling. Many states, thus, have
developed indicators based on fish which may be used for estimation of ‘ambient water quality’.
While these indices are probably too elaborate at this time for status assessment of wetlands in
many other countries ( e.g. in the southern hemisphere countries), separate metrics may be used in
combination with data of hydromophological, chemical and physical parameters to help assess
water quality of wetlands in the southern hemisphere or countries without fish index:
Hydromorphological pressures
Proposed indicator: presence (number of species) or share of migratory fish species or changes in
these parameters.
Migratory fish species in the fish community of a riverbasin may be lost because of the loss of
spawning grounds (reclamation, deforestation and cultivation of floodplains), disconnection of
floodplain waters from the main channel (channeling, dredging) or construction of dams etc. on the
migration route.
Freshwater fish are ten times more likely to become extinct than marine fish (Carolsfeld et al. 2003).
And among freshwater fish, migratory species are most at risk, particularly the species that feed at
the lower trophic levels, are large, grow slowly and mature late.
Both in the northern hemisphere and, increasingly, in the southern hemisphere, there are many
examples of negative effects of these pressures on populations of migratory species, including
disappearance of species from particular basins. Some of these species are (were) of significant
commercial importance. In Carolsfeld et al. (2003) changes of migratory fish populations in South
America are described, but a summary of examples of changes in North America, Europe, Africa and
Asia is also given. Several species have disappeared from reservoirs or river basins because migration
routes have been blocked by dams. Examples given are of decrease and disappearance of stocks of
species of salmon, shad, sturgeon and lamprey etc. in North America and Europe, giant catfish
(Mekong) and species of shad and carp in Asia and several species of migratory fish in basins of
South American rivers like the Parana. In Africa, relatively few dams have been built so far, but the
risks are considerable as for example in the Niger River basin there are as many as 130 species with
some form of seasonal migration. Several populations have already decreased in size because of
disruption of migration. Clarias gariepinus, a predatory catfish, is one of the commercially important
species that are vulnerable because of their dependency on vegetation in flooded areas during the
rainy season for spawning.
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Chemical and physical pressures
Proposed indicator: presence and abundance of live fish, age and maximum size, occurrence of
events of mass mortality, diversity, share of phytophilic species, changes in these parameters
Many fish-based indicators in the northern hemisphere focus on pressures on water quality,
particularly eutrophication or acidification. Eutrophication is a world-wide problem, which may
result in algal blooms and loss of light and aquatic vegetation. More severe cases of eutrophication
may result in production of cyanobacterial toxins and in oxygen depletion. Eutrophication can be
monitored directly by recording concentrations of nutrients and related parameters, but such data
are not always easily available on tropical wetlands.
Baseline water quality monitoring as proposed under GEMI indicator 6.3 includes monitoring of N, P,
oxygen, conductivity and E. coli. In southern hemisphere countries, information on each of these five
parameters may not be easily available for all selected or representative waters.
 N/P concentrations: cost of analysis may be a problem, if available often either only P or
only N
 E. coli: cost of analysis, sampling problems (contamination of samples)
 Conductivity: availability of equipment
 Oxygen: availability of equipment, seasonal and daily patterns (low concentrations at night
or in dry season), vertical patterns (stratification) often missed
Also, these are just five aspects of a multitude of parameters affecting wetland status. Information
on the impact of pressures regarding water quality may be derived from indicator 6.6 on wetland
ecology. But where standardized monitoring data is not available, this combination of indicators may
be supplemented by more basic ecological information.
Eutrophication is often reflected in increased fish biomass, dominance of eurytopic (indifferent)
species and decrease of species diversity. Production of cyanobacterial toxins and oxygen depletion
may be reflected in events of mass mortality of fish. Metrics involving species composition are likely
to be less indicative in tropical lakes than in temperate waters, because while the number of species
in the tropics is relatively high, the trophic and ecological guilds are less clearly separated (Lazaro et
al. 2003). There is generally competition between small fish and zooplankton for sestonic food,
resulting in lack of larger zooplankton. Communities are dominated by omnivores, with a less
prominent role for large piscivores (number of species, biomass). Jeppesen et al. argue that this also
restricts the possibilities for restoration: “A significant difference in biological interactions in
temperate versus subtropical-tropical lakes renders it difficult directly to apply the biological
restoration methods. These include often higher dominance and abundance of small fish, higher
aggregation of fish in vegetation, higher number of fish cohorts per year, higher degree of
omnivorous feeding by fish and less piscivory in subtropical and tropical lakes than in temperate
lakes.”
The value of metrics using trophic composition or ecological niches depends on the possibility of
defining distinct clusters of species with a strong indication of wetland characteristics like the
presence of submerged vegetation. This will have to be assessed per basin or zoogeographical
region, perhaps linked to wetland typology. A metric involving age is also harder to develop than in
temperate waters because in tropical waters fish keep growing all year and there are often several
cohorts of fry each year. As consequently there is no clear distinction between year-classes. The only
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indication of age is size itself, and data on the relationship between the two parameters may not be
available for all species.
Simple, possibly questionnaire-like metrics however, should be able to give a first impression of the
presence of pressures with a strong impact. The most basic metrics in this respect are registration of
the presence of live fish with a simple indication of species composition, and registration of events
of mass mortality. The percentage of fish with diseases, tumors or other anomalies may be another
useful metric.

Fish in GEMI indicator 6.6
Once this provides increasing insight, metrics may be upgraded, possibly as part of a biological
monitoring network under GEMI Indicator 6.6.1: Change in the extent of water-related ecosystems
over time. Under this indicator a step-wise increase of monitoring coverage is suggested:
 Change in spatial extent of water-related ecosystems
 Change in quantity of water contained within these ecosystems
 Change of state of ecosystem health
A methodology guide is being finalized to be used in PoC countries from 2017, but the assessment of
“ecosystem health” has not been addressed in detail yet.
Biological pressures
The impact of fishery can be monitored by recording trends in catches and in length distribution.
Overfishing may result in reduction of catches and the size of the fish caught, and finally in depletion
of stocks.
Invasive species are a pressure in itself, often with a larger impact if it acts in combination with other
pressures. This pressure can be monitored by recording the abundance of non-indigenous species
and information on deliberate stockings.
Summary of potential metrics
 Abundance
 Presence of live fish
 Registration of mass mortality events
 Number of indigenous species
 Number of non-indigenous species
 Species composition
 Presence / share of indicative species (intolerant species, phytophilic species)
 Presence / species of migratory species
 Condition / reproduction
 Share of fish with diseases, anomalies
 Length distribution of selected species
Monitoring and data collection
In states where indicators based on fish are in use, monitoring programs including their
(international) protocols are in force. But when this is not the case, simple indicators – like proposed
here – require only simple data collection. For example, part of the information suggested may be
collected from fish markets, in case the origin of the fish in the market is clear. A starting point may
be the network used by the FAO (2016, in series) to produce its yearly status report on world
fisheries. Details on species composition and length distribution may be recorded at fish markets
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linked to particular wetlands. Information on mortality events should be collected from local
fishermen. Those fishermen may also be approached with questionnaires on other historic
developments, or they can be approached for basic registration of catches in return for a small fee.
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6.4.1
Indicator monitoring methodology
being reviewed:

6.4.1- Water use efficiency

Government bodies / other
institutions involved in the testing:

The Netherlands organized a 2-hour workshop with
scientists, policy makers and implementation agencies to
discuss target 6.4.1 on water use efficiency.
Deltares, CBS (Statistics Netherlands), eLEAF, University of
Twente, Water Footprint Network, Utrecht University,
UNESCO-IHE, NWP (Netherlands Water Partnership),
Netherlands IHP-HWRP Committee, Ministry of Foreign
Affairs.
Statistics Netherlands has analysed which data was
available in the Netherlands with regard to the monitoring
of SDG 6.4.1.

Data collecting agency and main
contact persons:

Statistics Netherlands (CBS)
Cor Graveland c.graveland@cbs.nl
Kees Baas – k.baas@cbs.nl

Coordinator GEMI proof of concept Job Kleijn (Ministry of Foreign Affairs)
process:
job.kleijn@minbuza.nl

1. What were the technical steps taken in testing the monitoring methodology of the indicator?
Statistics Netherlands has checked availability of data in their system, and in the Netherlands as a
whole.
Experts came together to discuss if data is available. This appears to be the case, but it is part of
several databases and needs to be extracted.
Conclusion is that data is available, and that this data is validated and checked for quality.




Statistics Netherlands (CBS) use five main flows of data on a yearly (or biennial) basis to
capture all sectors / industries.
They compile UN-SEEA– Water Accounts type of data with supply & use for five types of
water: groundwater, surface water (fresh & salt/brackish/marine), soil water, drinking
water, industry water. This based upon water statistics data and other sources. And for a
wide range of industries (following International Standard Industrial Classification, ISIC) is
available. The UN-SEEA – Water Accounts are used in many countries already and further
implemented worldwide with help of UNSD and the World Bank.
Deltares has much information available and is able to model economic parameters. This can
add to information present in the national accounts.
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UNESCO-IHE/WA+ can provide remote sensing (RS) data on evapotranspiration (ET) and thus
only for the agricultural sector. This is a different method then proposed in the indicator,
where withdrawals are asked.
 eLEAF provides remote sensing (RS) data to be used for the agricultural sector only. Here the
same holds that they provide information on ET, not withdrawals.
 University of Utrecht works with RS and agrees that the use of ET for agriculture would be
better, especially when one wants to model anything with it.
 University of Delft believes we have all the information available on industries.
This data will be brought together by Statistics Netherlands.
2. Which institutional arrangements were made for testing the monitoring methodologies, and for
coordination across government bodies, including the national statistics office?
Statistics Netherlands is the organization which identifies first and foremost which data is
available. They have done so for all SDGS. Due to the GEMI process, identifying which data was
available for the water SDGs was a priority.
Cooperation between Statistics Netherlands and other organisations with valuable information
has not yet been embedded in a formal institutional arrangement yet. However, steps have been
taken already to ensure data from Deltares is provided to the CBS for the calculation of the
indicators.
3. Which resources and capacity were required?
An estimation of the resources needed are:
Coordination – 2 days
CBS identification of data – 1 day
Review of methodology by different experts – 3 hours, 10 people
4. What feedback do you have on the following, as experienced during testing and/or foreseen
during future implementation:
a. the methodology
o The definition of water efficiency was unclear. Water efficiency can be defined in
different ways. A common way to define it is water productivity. This is the amount
of value added (for a certain industry) or total GDP (of the whole country) divided by
the use of water in physical terms.
o The methodology to derive water productivity can be based on the water accounts
(SEEA), and international statistical standard.
b. Do you have any comment on the general definition/formulation of the indicator?
The feedback below is based on discussions with the experts, the following improvements
were proposed to be included into the indicator:
o Not the value but the trend should be looked at. That will give a better understanding
of a countries improvements on water efficiency. Looking at the trend will also make
comparison between countries possible.
o The way to estimate the indicator should be refined, better defined and methods for
calculations should be explained more sharply.
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o

The System of Environmental-Economic Accounting (SEEA) for water allows for the
differentiation of the different sectors. The UN has to look critically at how this system
is useful to sharpen the UN methodology for indicator 6.4.1 and link to efforts already
made locally to gather information for this or other programmes.
o It was discussed that the indicator combines all sectors while there are for instance
huge differences in water efficiency in industry and agriculture. Combining the three
sectors in one value of WE will not give a correct view and has no real use. These
sectors cannot be compared in that way. If you want to use the different sectors,
multiply all different sectors with the total water use (m3) or with the economical
value ($).
o It is important for the countries to have sub-indicators for the indicator, to ensure that
the monitoring efforts provide insights in how policies can be adapted.
i. Agriculture (maybe even divide between rain fed and irrigated)
ii. Domestic/service water
iii. Industry and mining
If wished for, even a more detailed insight can be given in the dynamics with
these sub-indicators.
o Withdrawal is not the correct parameter. We advise to include consumption of water,
because you might withdraw more then you use.
o In the agricultural sector, most water is used. It might thus be interesting to use
“water consumed” instead, since this is a widely used term for calculations in the
water efficiency of the agricultural sector.
We would like to include the following remarks on the methodology:
o There was concern how the ecosystem as a water user is being dealt with. Efficiency
is also a matter of water allocation.
o The indicator does not hold ecological reality and does not show the potential
efficiency.
o Sustainable use of water is not really taken into account. Does sustainable withdrawal
from fossil water exist?
o Rain fed agriculture is not taken into account? Excluding this means missing much
information.
o The same water can be used more times for different withdrawals, which causes
double counting in the system.
c. In the case that you did not use the proposed default method, please describe how
you assessed the proportion of agricultural value produced by rainfed agriculture (Cr)
We would like to raise the discussion of using rainfed agriculture, as most crops are
both irrigated and rainfed. To make a clear distinction is challenging. A proposal is not
the identify if crops are rainfed or irrigated, but to focus on the overall productivity, or
added economic value, of agriculture, whether this is done through irrigation or better
use of rainwater.
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d. the clarity and usefulness of the step-by-step guide
The definition of water efficiency was unclear. Water efficiency can be defined in
different ways. A common way to define it is water productivity. This is the amount of
value added (for a certain industry) or total GDP (of the whole country) divided by the
use of water in physical terms.
The methodology to derive water productivity can be based on the water accounts
(SEEA), the international statistical standard.
e. the technical support provided by UN technical agencies and others, including external
organisations
This was available but we did not contact the technical agencies for technical support.
5. Are the data obtained using the draft methodologies likely to be useful at national and
subnational levels?
The approach is to mainly use data that is already being gathered for different
purposes and monitoring requirements. Additionally, a consortium is identifying how
the data collection in other countries can be supported, aiming not only at the SDGs
but at data collection for policy making.

6. How does the monitoring of this indicator link to existing processes and to the measurement
of other indicators (at the national, sub-national, regional or global levels)?
Data provided comes from the National Accounts (SNA) and SEEA – Water Accounts. Combined
these presents in a common and consistent framework the relationship between the
hydrological system and the economy. As such data on abstraction, water use, wastewater
generated and returned to the environment as well as water availability come from a common
framework making the indicator consistent with the other indicators in Goal 6 (e.g. 6.3.1 and
6.4.2).
7. Considering feasibility and usefulness, what do you think would be the most appropriate
frequency of measurement of this indicator in your country, e.g. annually, every 2 years, 3
years, etc?
This was discussed at length. Our proposal is to measure annually as it provides better insight in
process, and ensures that knowledge within an organization is not last and a ‘habit’ of
measuring is created.
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6.4.2
Indicator monitoring methodology
being reviewed:

6.4.2- Level of water stress

Government bodies / other
institutions involved in the testing:

Deltares, CBS (Statistics Netherlands), Vitens-Evides
International, VEWIN, Waterboards, Planbureau voor de
leefomgeving (Netherlands Environmental Assessment
Agency), Water Footprint Network, UNESCO-IHE, NWP
(Netherlands Water Partnership),

Data collecting agency and main Statistics Netherlands (CBS)
contact persons
Cor Graveland c.graveland@cbs.nl
Kees Baas – k.baas@cbs.nl
Coordinator GEMI proof of concept Ellen van Lindert - Ministry of Infrastructure and
process:
Environment - Delta programme fresh water,
ellen.van.lindert@minienm.nl

1. What were the technical steps taken in testing the monitoring methodology of the indicator?
Statistics Netherlands has checked availability of data in their system, and in the Netherlands as
a whole.
Before the GEMI workshop, the Netherlands had organized a Dutch workshop with scientists,
statisticians, policy makers and implementation agencies. The outcomes were shared during the
GEMI workshop as basis for the discussion.
Conclusion is that data is available, and that this data is validated and checked for quality.
2. Which institutional arrangements were made for testing the monitoring methodologies, and for
coordination across government bodies, including the national statistics office?
Statistics Netherlands is the organization which identifies first and foremost which data is
available. They have done so for all SDGS. Due to the GEMI process, identifying which data was
available for the water SDGs was a priority.
Cooperation between Statistics Netherlands and other organisations with valuable information
has not yet been embedded in a formal institutional arrangement yet. However, steps have been
taken already to ensure data from Deltares is provided to the CBS for the calculation of the
indicators.
3. Which resources and capacity were required?
An estimation of resources needed is:
Coordination – 2 days
CBS identification of data – 1 day
Review of methodology by different experts – 3 hours, 10 people
Challenge will be the coordination of different data streams. Statistics Netherlands will take the
lead in collecting data needed from different organisations.
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4. What feedback do you have on the following, as experienced during testing and/or foreseen
during future implementation:
a. the methodology
The Dutch experts who have worked with this method deemed the method practical,
providing quite a lot of insight without having a large reporting burden.
- They suggested that the indicator focused too narrowly on physical water resources. They
suggested that the indicator should also include a measure of human suffering from water
stress or that either show humans coping with the stress situation as a part of water stress.
Given the international process, this entails an additional indicator for target 6.4 should be
created if human suffering is included.
- Local scale and sub-annual information would be of more use to assist with policy and
management. The wish to disaggregate the indicator to regions and even crops was
mentioned; but this would be part of a ladder approach, as it will not be feasible for every
country to apply this disaggregation.
- Disaggregation needs to be time sensitive e.g. water stress may be very different in the dry
season to the wet – and averaging of annual data may be meaningless.
- The water stress of surface water will be different to groundwater (Vladimir’s original method
had groundwater included separately), and same so for the consequences of withdrawal. This
needs to be elaborated.
- It was agreed that special attention needs to be given to hyper-arid countries in this index.
- It was noted that stress may be natural or caused by society. FAO however, felt that this
method is not about people but just about withdrawals.
b. Please describe how you assessed the Environmental Water Requirements
The quantification of the Environmental Water Requirements is very important for the final
outcome of the indicator, but the methodology is still not clear. The Environmental Water
Requirements are in de denominator of the formula of the calculation of water stress. The
higher the requirement is, the higher the water stress. In the proposal for calculation of
indicator 6.4.2, drafted by Statistics Netherlands, Deltares and E-Leaf, the issue of
Environmental Water Requirements is addressed in depth.
One comment that is already raised is about the definition in the step by step guide.
Environmental Water Requirements are defined as ‘the quantities of water required to sustain
freshwater and estuarine ecosystems’. This means it does not include the water requirements
of land-ecosystems, which also do need a minimum flow / availability of surface and
groundwater, in addition to precipitation. At least the step by step methodology should explain
more the ratio behind the chosen method of only including the water requirements of aquatic
ecosystems.
c. the clarity and usefulness of the step-by-step guide
There is not enough guidance in the method for the implementers. This will affect the outcomes
considerably depending on how one measures and includes the various variables in the division
(for instance. the streams needed for nature). The different inputs can use different methods e.g.
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groundwater recharge can be estimated in different ways. There is a need for greater direction,
possibly depending on data availability.
There is also a need for clearer terminology. The methodology for instance mentions exploitable
water vs. total resource; which of these is the freshwater?
d. the technical support provided by UN technical agencies and others, including external
organisations
This was not needed during the proof of concept phase, but was available.
5. Are the data obtained using the draft methodologies likely to be useful at national and
subnational levels?
All data is gathered from processes already in place, in particular water statistics and the resulting
SEEA Water Accounts focusing on the Netherlands’ national level. This for example already uses
results from remote sensing techniques to assess ‘water abstraction’ in agriculture. Interesting is
that some additional data will be derived from other databases or models such as the external
inflow via groundwater and the assessment of the environmental requirements. New linkages
are created between knowledge institutes as Deltares and Universities as Wageningen University
and University of Utrecht to add these two data items to the SEEA - Water Accounts-data that is
already available, following a ‘ladder approach’.
6. How does the monitoring of this indicator link to existing processes and to the measurement of
other indicators (at the national, sub-national, regional or global levels)?
Please see answer under question 5.
7. Considering feasibility and usefulness, what do you think would be the most appropriate
frequency of measurement of this indicator in your country, e.g. annually, every 2 years, 3
years, etc?
This was discussed at length. Our proposal is to measure annually as it provides better insight in
process, and ensures that knowledge within an organization is not last and a ‘habit’ of measuring
is created.
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Memo on SDG 6.4 - Three step approach for monitoring
This memo has been produced by Statistics Netherlands (CBS), Deltares and eLEAF with the support
of the support of the Ministry of Infrastructure and Environment and the Ministry of Foreign Affairs,
being the two key stakeholders to the SDG Target 6.4. It is part of the Dutch effort as a Proof of
Concept country for SDG 6.
We considered the use of the progressive monitoring approach (ladder benadering) for the
Netherlands in order to add detail to the monitoring system already in place via existing national
statistics. By means of remote sensing information is incorporated in these statistics already, but can
be extended, and modelling could be able to add more detail.
We also looked in what way the used approach in the Netherlands can be of use in other countries
including the use of other sources, in order to support the procedures that can be applied in
countries to monitor and report on their targets of SDG 6.4.
We show the available data sources that can be used to monitor SDG 6.4 for the Netherlands.
Although available data sources for the Netherlands are discussed and examples of the calculated
indicators are given, reporting on SDG 6.4 is not the scope of this memo. This information can be
found in other documents compiled by Statistics Netherlands from their existing water statistics &
SEEA-Water Accounts.
This memo was produced by:
Cor Graveland (CBS)
Kees Baas (CBS)
Marta Faneca Sànchez (Deltares)
Timo Kroon (Deltares)
Steven Wonink (eLEAF)
Liduin Burgering (Deltares)
Sheila Ball (Deltares)
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Introduction and Objective
In September 2015, heads of state from all around the world adopted the 2030 Agenda for Sustainable
Development consisting of 17 Sustainable Development Goals (SDGs) and 169 targets. The 2030 Agenda
includes a dedicated goal on water and sanitation (SDG 6) that sets out to ‘ensure availability and sustainable
management of water and sanitation for all’. The indicators under target 6.4 comprise SDG 6.4.1 – change in
water use efficiency over time – and SDG 6.4.2 – Level of water stress that relates water withdrawal
(‘abstraction’) to available freshwater resources. Six Proof of Concept countries, including the Netherlands,
were invited to test the methodologies developed by UN organizations and to collect data for the indicators
linked to SDGs 6.3 to 6.6. Chapter 2 gives a short overview of the background of the SDGs.
As a result of the Proof of Concept process, Statistics Netherlands (CBS), Deltares and eLEAF began a limited
project aiming to show what can be compiled for the indicators under SDG 6.4 for the Netherlands and what
could be compiled to support other countries in the process of evaluating the 6.4 SDGs. A short summary of
the indicators is presented in Chapter 3. More information on this can be found on the official publications on
the SDGs: http://www.unwater.org/publications/publications-detail/en/c/434399/.
This memo considers the available data for and compilation of SDG 6.4, taking a three step ladder approach on
the available data sources that can be used to compile the indicators. The existing national statistics enriched
with additional data sources, can ensure that basic data for monitoring water use efficiency and water stress
will be available for the Netherlands.
The core line of development of the methods is the so-called ladder approach, a three - step approach in
which data combinations for compilation of the indictors are described, from either:
i)
existing data available from National Accounts, water statistics (following IRWS 6) & SEEA – type Water
Accounts7;
ii)
supplementary data from satellites and models;
iii)
An integrated approach with full consistency between the statistical data, model data and satellite
data.
These three types of data sources are described in Chapter 4 in a concise manner. More information on these
data sources can be found in the annexes, as well as in the report ‘GEMI proof of concept report’ (Ministry of
Infrastructure and Environment, 2016), the report sent to UN-Water by the Netherlands.
In Chapter5, first an example of the data for calculation of indicator 6.4.1 is given, showing that this indicator
can entirely be calculated using available statistical data. Secondly, the ladder approach for indicator 6.4.2 is
assessed for the Netherlands as it is currently in use by Statistics Netherlands for reporting on established and
standardized water statistics and SEEA – type Water Accounts to Eurostat (Graveland and Baas, 2012). It serves
as a good example of the value of the ladder approach, even for countries that already have detailed national
statistics combined from their National Accounts, waters statistics and SEEA – Water Accounts, such as the
Netherlands. Chapter 6 elaborates further on the advantages of the ladder approach, building on what has
already been done in the Netherlands. This is done in a qualitative manner through examples of more
temporal and spatial resolution of the components underlying the indicator.

6

International Recommendations for Water Statistics (UN, 2012c).
Following ‘International statistical standard’, the SEEA – Central Framework and SEEA Water Accounts as
published by United Nations Statistical division (UNSD), (UN et al., 2012a; UN et al., 2012b).
7
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Although the methods for compiling SDG 6.4 indicators are near completion, critical comments on these
proposed methods (meta-documents) have been made, where deemed necessary, including informed
suggestions for further improvement in the final stages. These observations are listed in Chapter 7.
The final chapter (8) contains conclusions, as well as recommendations for further developing the ladder
approach.

Background
Sustainable Development Goals
In September 2015, heads of state from all around the world gathered in New York City to adopt the 2030
Agenda for Sustainable Development, an ambitious ‘plan of action for people, planet and prosperity’, comprised
of 17 SDGs and 169 targets, aiming to do nothing less than ‘transform our world’.
The 2030 Agenda includes a dedicated goal on water and sanitation (SDG 6) that sets out to ‘ensure availability
and sustainable management of water and sanitation for all’. SDG 6 expands the Millennium Development Goal
focus on drinking water and sanitation to the entire water cycle, including the management of water,
wastewater and ecosystem resources. With water at the very core of sustainable development, SDG 6 does not
only have strong linkages to all of the other SDGs, it also underpins them; meeting SDG 6 would go a long way
towards achieving much of the 2030 Agenda.
GEMI
Progress towards the SDGs needs to be monitored. UN-Water is currently trying to integrate UN-monitoring
initiatives for SDG 6. For SDGs 6.3 to 6.6, GEMI (the Integrated Monitoring initiative) was created as a partnership
of UNEP, UN-Habitat, UNICEF, FAO, UNESCO, WMO, and WHO, and resides under the UN-Water umbrella. GEMI
is the UN-sponsored initiative aiming at establishing and managing a coherent monitoring framework for the
implementation of SDG 6 for water and sanitation.
Six Proof of Concept countries, including the Netherlands, were invited to test the methodologies developed by
UN-Water and collect data for the indicators linked to SDGs 6.3 to 6.6. The results of the Proof of Concept Phase
for the Netherlands were recently reported to UN-Water (Ministry of Infrastructure and Environment (IenM)
(2016)). That report gives insight in the many meetings, workshops and discussions organized to gain an
understanding of the different indicators included in SDGs 6.3 to 6.6, as well as to gain and share experiences
and solutions for providing data for the compilation of the indicators.
National setting on monitoring of the SDGs
Statistics Netherlands (CBS) represents the Netherlands in the Inter-agency and Expert Group on SDG indicators
(IAEG-SDGs), and discusses the different aspects of the SDGs in this international setting. In the Netherlands, the
relevant stakeholders are preparing for the sound and functional monitoring of the full range of SDGs. Therefore,
different Ministries, Statistics Netherlands, research institutes, academia and consultants have evaluated their
responsibilities with respect to this, and provided relevant information related to the content of the indicators,
concepts, methodologies, required data and reporting. For the full range of SDGs, a first assessment on the
monitoring for the country has recently been published (Statistics Netherlands, 2016a).
The indicators have been re-assessed on their feasibility, suitability, measurability, and relevance during the
IAEG-SDGs meetings and exchanges since autumn 2015. It is expected that the IAEG-SDGs will provide a flexible
framework for the development of the indicators and their monitoring, in order to allow for rephrasing of the
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indicators when needed and the addition of new indicators or more detail when technological developments
permit this.
Towards integrating monitoring capabilities
During an expert meeting at the Ministry of Foreign Affairs on 24 August 2016, SDG 6.4 was considered in a
broader context. Two concerns were raised which led to the initiation of this small project. The first concern was
the availability of reliable data to monitor SDG 6.4 beyond the Netherlands. The second concern was the loss of
information when indicators are reported on a national level only. These concerns were based on a number of
observations:
The Netherlands’ long history of living with water has prompted the collection of a large amount of
data on water use, water supply, emissions to water, the related economics, and water resources, as well as its
rivers and hydrological systems. Moreover, the statistical data in National Accounts, SEEA Water Accounts and
water statistics, compiled at a national level for the Netherlands, is included in the international statistical data
systems and is collected by international bodies such as the UN (UNSD), World Bank, OECD, FAO, Eurostat, EEA.
As such, it is possible to make international comparison of indicators compiled in a consistent manner following
international standards as is IRWS and SEEA – Water Accounts. This type of data becomes available for other
countries too, as an increasing number of countries develop water statistics and SEEA water accounts.
Technological innovations make new ways of monitoring possible. Advances in remote sensing and
modeling are offering additional ways to add detail and quality to the existing assessment of the physical part
of water use efficiency and water stress indicator compilation, extending opportunities for use in proper water
management at different scales.
The combination of statistical data, remote sensing and modelling can offer more temporal and spatial
detail, adding valuable input to attempts to improve water management, which is aimed at enhancing water use
efficiency and reducing water stress at the different scales in the country.
Concluding that monitoring of water use efficiency and water stress can be done in a more integrated way, an
intensified cooperation and integration (applying the ‘ladder approach’) of the available data and evaluation of
its strengths were proposed during the meeting. This memo is the result of this proposal.
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1. Definition of SDG 6.4
1.1
Introduction
In this chapter, we briefly explain the definitions of the indicators. It will be a concise description, as more
information on this is readily available in other documents. However, the details of the indicator descriptions
were assessed during the preparation of this memo. This resulted in a number of observations about the
application of the methodology in the Netherlands. These observations can be found in Chapter 7.
SDG 6 is defined to: ‘Ensure availability and sustainable management of water and sanitation for all.’ It consists
of six main targets with two additional targets on cooperation and capacity building.
Target 6.4 focuses on water use efficiency and water scarcity, defined to: ‘By 2030, substantially increase water
use efficiency across all sectors and ensure sustainable withdrawals and supply of freshwater to address water
scarcity and substantially reduce the number of people suffering from water scarcity.’
Indicator 6.4.1 is related to water use efficiency, defined as: ‘Change in water-use efficiency over time.’
Indicator 6.4.2 considers water scarcity, defined as: ‘Level of water stress: freshwater withdrawal in percentage
of available freshwater resources’
1.2
Indicator 6.4.1 on water use efficiency
The proposed indicator would provide information on the efficiency of the economic usage of water resources,
particularly on the value added (VA) generated by water use in the three aggregated sectors of the economy,
and the distribution network losses.8 Indicator 6.4.1 is not just about the absolute level, but it monitors the
change in ‘water use efficiency’ over time. It is defined in the proposed indicator as the volume of water
withdrawn divided by the VA over time of a given major sector (showing the trend in water use efficiency).
Following International Standard Industrial Classification (ISIC) 4 coding (See: Annex II, United Nations (2008)),
the aggregated sectors are defined as:
1.
Agriculture, forestry and fishing (ISIC A);
2.
Mining and quarrying, manufacturing, constructions and energy (ISIC B, C, D, F); and
3.
All of the service sectors (ISIC 36-39 and ISIC 45-99), which include Water collection, treatment and
supply industry (ISIC 36).
The following terminology can be used (following note of UN Water):
Water use: general non-specific term that describes any action through which water provides a service;
and
Water withdrawal 9: water abstracted from a river, lake, reservoir or aquifer (V).
The indicator is supposed to be computed as the sum of the aggregated sectors of the nations’ economy,
weighted according to the proportion of water withdrawn by each sector over the total withdrawals, such that:
WUE = Awe x PA + Iwe x PI + Swe x Ps
Where:
WUE = Water use efficiency (USD/m3, or EUR/m3);
Awe = Irrigated agriculture water use efficiency (USD/m3 or EUR/m3);
Iwe = Industrial water use efficiency (USD/m3 or EUR/m3);
Swe = Services water use efficiency (USD/m3 or EUR/m3);
8

The distribution efficiency of water systems is explicitly considered only for the municipal sector as a separate
indicator, but it is nonetheless implicit within the calculations for the other sectors, and could be made explicit
if needed and where data are available.
9
SEEA-Water normally uses term ‘abstraction’ when it is subtracting the groundwater or surface water from
the environment.
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PA = Proportion of water withdrawn by the agricultural sector over the total withdrawals;
PI = Proportion of water withdrawn by the industry sector over the total withdrawals; and
PS = Proportion of water withdrawn by the service sector over the total withdrawals.

The computing of each of the three sectors is described extensively in Annex III.
For this calculation, details about the required data and underlying data sources are explained in the next
paragraphs following the three approaches. Also, the detail chosen in the dimensions of the calculation that are
subject to this exercise, depending on the available data, will be shown and discussed in the next paragraphs.
Issues such as rationale and interpretation, disaggregation, data sources and collection, comments and
limitations, current data availability and indicator tier, responsibility, etc. and references will be discussed there.

1.3
Indicator 6.4.2 on water stress
This indicator provides an estimate of pressure by all sectors on the country’s renewable freshwater resources.
A low level of water stress indicates a situation where the combined withdrawal by all sectors is marginal in
relation to the resources, and has therefore little potential impact on the sustainability of the resources or on
the potential competition between users. A high level of water stress indicates a situation where the combined
withdrawal by all sectors represents a substantial share of the total renewable freshwater resources, with
potentially larger impacts on the sustainability of the resources and potential situations of conflicts and
competition between users.
This indicator is defined as the ratio between total freshwater withdrawn by all economic sectors and total
renewable freshwater resources, after having taken into account environmental water requirements. Main
sectors, as defined by ISIC standards, can include, for example: agriculture; forestry and fishing; manufacturing;
energy sector; and municipalities. This indicator is also known as water withdrawal intensity. Moreover it closely
relates to the Water exploitation index (WEI), calculated and published by Eurostat. The data on freshwater
withdrawal are also used for the calculation of indicator 6.4.1 on water use efficiency, and the data on
environmental water requirements feeds into indicator 6.6.1 on water-related ecosystems.
The indicator is calculated with the following formula:
Stress (%) = TWW / (TRWR - Env.) * 100
Where:
TWW =
Total freshwater withdrawn, where year to which it refers will be provided;
TRWR =
Total renewable freshwater resources, calculated as:
Internal Renewable Water Resources + External Renewable Water Resources; and
Env
=
Environmental water requirements.
The three components of the indicator are described below:
1) Total renewable freshwater resources (TRWR) are expressed as the sum of (a) internal renewable water
resources and (b) external renewable water resources. The term “water resources” is understood here as
freshwater resources.
a) Internal renewable water resources (IRWR) are defined as the long-term average annual flow of rivers and
recharge of aquifers generated from endogenous precipitation (resources produced within the territory), taking
into consideration the overlap between them;
b) External renewable water resources (ERWR) are defined as the part of the country’s renewable water
resources that is not generated within the country. The ERWR include inflows from upstream countries
(groundwater and surface water), and part of the water of border lakes or rivers.
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2) Total freshwater withdrawal (TWW) is the volume of freshwater extracted from its source (rivers, lakes,
aquifers) and is estimated at the country level for the following three main sectors: agriculture, municipalities
(including domestic water withdrawal) and industries (including cooling of thermoelectric plants).
TWW is in general calculated as being: [the sum of total water withdrawal by sector] minus [direct use of
wastewater, direct use of agricultural drainage water and use of desalinated water]. In formula:
TWW = ∑ wws - ∑ duu
Where:
TWW = Total freshwater withdrawal;
wws = Water withdrawal for sector “s”. s = agriculture, industry, energy, etc.; and
duu = Direct water use from source “u”. u = direct use of wastewater, direct use of agricultural drainage
water and use of desalinated water.
3) Environmental water requirements (Env.) are the quantities of water required to sustain freshwater and
estuarine ecosystems. Water quality and the resulting ecosystem services are excluded from this formulation,
since it is confined to water volumes. This does not imply that quality and the support to societies which are
dependent on environmental flows are not important and should not be taken care of. Methods of computation
of Env. are extremely variable and range from global estimates to comprehensive assessments for river reaches.
For the purpose of the SDG indicator, water volumes can be expressed in the same units as the TWW, and then
as percentages of the available water resources.
The indicator on water stress is built upon a variety of data, from statistical data on water withdrawals by
companies, to measured flow data in rivers and streams, to meteorological data on precipitation (P) and
evapotranspiration (ET). In the next paragraph, it is described which data sources are used, with specifications
of availability, possibilities of temporal and spatial disaggregation, alternative and/or complementary data
sources.
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2.

Data sources for monitoring SDG 6.4

2.1
Introduction
In this chapter we describe the data sources that can be used for the ladder approach. The first paragraph gives
information on national statistics as compiled by countries’ National Statistical Institutes (NSI’s) based upon
internationally agreed statistical standards (Annex I). The second paragraph considers remote sensing-based
data sources. The third paragraph focuses on model-based data sources. The latter two descriptions are
described more general in relation to the area of application, focusing both on the Netherlands and beyond. At
the end of each paragraph, a brief list of pros and cons in relation to monitoring of SDG 6.4 is presented. More
detailed information on each of the data sources and how the information is obtained is presented in the
annexes.
2.2

Data from SEEA-Water and Water Statistics

2.2.1 Statistical data for indicator 6.4.1
The available data from Statistics Netherlands allow for complete calculation of the proposed Water Use
Efficiency (WUE), using the international standards of System of National Accounts (SNA), European System of
Accounts (ESA), the System of Environmental Economic Accounting (SEEA) Water Accounts, and Water Statistics
along with the official ISIC categories in detail (See: Annex I and II). The following section describes the statistical
data compiled within Statistics Netherlands needed for the different compilations steps of indicator 6.4.1. This
data allows for the calculation of the underlying three separate indicators, as described in Chapter 3.
Water withdrawals per economic activity
Statistics Netherlands has a long-lasting experience in compilation of statistics on water withdrawal and water
use by combination of a variety of data sources. This data is compiled for use within the SEEA-Water Accounts
as well as for international questionnaires, such as the OECD-Eurostat Joint Questionnaire and the EEA State of
the Environment. The statistical data include yearly abstracted volumes of fresh groundwater, fresh surface
water and marine water (Statistics Netherlands, 2016c; 2016d) and for some years soil water. 10 Comparable
yearly statistical data are available from 2001 onwards; for 2008, 2010 and 2012, the data are disaggregated to
detailed level of economic activity, according to ISIC. For several years, data per sub-river basin have also been
constructed. Until now, only annual data are compiled, so there is no monthly or seasonal resolution.
For calculation of the proportion of water withdrawn by the agricultural sector for irrigation, the total
agricultural area and the area under irrigation is needed. This data comes from either the spatial land statistics
(group) or from SEEA – type land accounts for total area. For area under irrigation, data is obtained from LEI as
enlarged figures on irrigation data from their sample among the farming population (LEI, 2014).
Industrial withdrawals include those of the manufacturing industry, energy sector and environmental services
and are based on annual environmental reports, the National Groundwater Register, as well as additional
estimates.

10

Direct use of non-conventional water, i.e. direct use of treated wastewater, direct use of agricultural
drainage water and desalinated water is excluded. Soil water here relates to the large volumes of water that
either via evaporation (E, from surface) and transpiration (T, from plants, together ET, Evapotranspiration.
These data are based upon remote sensing data (processed satellite data) and already obtained from eLEAF.
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Data on withdrawals of groundwater and surface water by the public water supply companies stem from the
VEWIN Statistics and are readily available on a yearly basis. Table 4.1 provides an example of available data on
water withdrawals. More background information can be found in Annex IV.
Table 4.1: Example of statistical data on fresh water withdrawals.
Million m3

2008

2010

2012

Withdrawal of fresh surface water, total

9,430

9,926.7

9,783.8

21.0

26.3

6.4

Mining, manufacturing industry (ISIC 06-33)

2,762.4

2,741.1

2,836.3

Energy sector (ISIC 35)

5,724.3

6,136.0

5,956.8

Water companies (ISIC 36)

489.8

456.3

463.7

Environmental services (ISIC 37-38)

432.3

566.9

520.6

0

0

0

1,075.4

1,066.1

999.5

51.2

97.4

54.3

168.3

130.9

126.7

1.7

5.1

4.9

762.2

760.8

753.6

1.4

2.2

1.3

90.7

70.0

58.8

10,505.4

10,992.8

10,783.3

72.2

123.7

60.7

Mining, manufacturing industry (ISIC 06-33)

2,930.7

2,872.0

2,963.0

Energy sector (ISIC 35)

5,726.0

6,141.1

5,961.7

Water companies (ISIC 36)

1,252.0

1,217.1

1,217.3

433.7

569.1

521.9

90.7

70.0

58.8

of which by
Agriculture (ISIC 01-03)

Other sectors (ISIC 41-97)
Withdrawal of fresh groundwater, total
of which by
Agriculture (ISIC 01-03)
Mining, manufacturing industry (ISIC 06-33)
Energy sector (ISIC 35)
Water companies (ISIC 36)
Environmental services (ISIC 37-38)
Other sectors (ISIC 41-97)
Total freshwater withdrawal TWW
of which by
Agriculture (ISIC 01-03)

Environmental services (ISIC 37-38)
Other sectors (ISIC 41-97)
Source: Statistics Netherlands, 2016d.

Economic data
The required monetary data for the three aggregated sectors (agriculture, industry, public water supply and
other services) is readily available from the National Accounts (NA) department within Statistics Netherlands. It
produces the Dutch NAs and monitors in detail the country’s economic performance, such as the combined
income (GDP), upon officially agreed international standards (the System of National Accounts 2008, SNA–2008;
UN et al., 2009). In the NA, detailed economic data like on VA next to production and intermediary use are
provided on both a yearly and quarterly basis. The NA data is published in CBS - StatLine for GDP, the electronic
database of the institute, and in yearly or quarterly publications (such as Statistics Netherlands (CBS) (2013a,
2014a; 2016e). Data is compiled with large detail following the ISIC-4 categories (see Annex II). Also a regional
disaggregation is available in the Regional Economic Accounts. See Annex IV for more detail on the economic
statistical data.
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To these NAs, a number of so-called satellite accounts are connected, like Regional Economic Accounts,
Agricultural Accounts, Growth (productivity) Accounts, Environmental Accounts (EA) and ecosystem accounts
(also referred to as Natural Capital Accounts, NCAs).
This data is compiled in accordance of international formats and via the international questionnaires among
others send to Eurostat, European Central Bank, OECD, IMF and United Nations.
The available data on water withdrawal (‘abstraction’) in physical terms, together with the economic data from
National Accounts currently available from Statistics Netherlands, allow for complete calculation of the
proposed WUE – indicator.
Example
The publication ‘Environmental Accounts of the Netherlands’ (see: Statistics Netherlands (CBS) (2012, 2013b &
2013c and 2014c & 2015b) often includes the calculation of water intensity, that is, the inverse of the calculated
WUE (or alternatively described as ‘water productivity’) here. Water use intensity for an industry can be defined
as the use or abstraction of water in litres divided by its VA, expressed in euros. This can be done for each type
of water (either groundwater or surface water abstraction as well as for tap or drinking water use. Moreover
statistics are available by detailed ISIC industry which allows the WUE indicator to be calculated for each industry
supporting analysis across detailed industries. Figure 4.1 shows the groundwater use intensity for a variety of
economic sectors.
In 2012, livestock breeding, manufacturing of basic metals, followed by the manufacturing of paper and paper
products, manufacture of food products, beverages and tobacco products and ‘other agriculture’ showed the
highest groundwater, i.e. the lowest water productivity or WUE. The industries with the highest use intensity
rates used up to over ten times more water to earn a euro of VA compared to the average calculated for the
overall Dutch economy in 2012.
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Figure 4.1 Groundwater use intensities for a selection of industries with highest groundwater intensities within
the Dutch economy. Data from: Statistics Netherlands (CBS) (2016f), with some processing.
2.2.2 Statistical data for indicator 6.4.2
The statistical data available within Statistics Netherlands can basically quantify at least three of the four
components of the water stress indicator.
1a) Internal renewable freshwater resources (IRWR)
Within the international standards for water statistics (OECD/Eurostat, 2012), a parameter is defined that is
strongly related to IRWR: Internal Flow. Internal Flow is defined as: ‘the total volume of river runoff and
groundwater generated, in natural conditions, exclusively by P into a territory. The internal flow is equal to P
less actual evapotranspiration (AET) and can be calculated or measured.’
Basic data:
P data from 300+ stations are available from the KNMI, for each year and per station. Evapotranspiration data
is available for 30+ stations from KNMI, but this only reflects the so-called reference crop evaporation, which
basically can be interpreted as potential ET.
Advanced data
Data on actual ET is currently available for 2 years, namely 2009 and 2014. P data interpolated to a more spatial
resolution as well as in greater temporal detail is also available from eLEAF. This data were constructed by eLEAF
for Statistics Netherlands in the framework of projects for Eurostat, financed by Eurostat grants.
See paragraph 4.3 for elaborate background and method on these two items compiled by eLEAF.
1b) External renewable water resources
Statistics Netherlands only compiles data on inflow of surface water from Belgium and Germany to the Dutch
territory. Information on groundwater flows are not calculated or estimated. Data on surface water inflow are
compiled for international questionnaires providing harmonized data to Eurostat, OECD, EEA, and UNSD. For
major stream flows like the Rhine and the Meuse, a long time series exists. For 2009 and 2014, Statistics
Netherlands holds daily flow data of all large and small rivers, brooks and canals entering the Dutch territory
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from Germany and Belgium. This data was compiled in the framework of projects for Eurostat, financed by
Eurostat grants (Graveland & Baas, 2012)
This data is inventoried from the National Water Authority (Rijkswaterstaat) and the Dutch regional Water
boards, basically structured as average daily flow (m3/day) at the gauging stations situated at or near the border.
2) Total freshwater withdrawal (TWW) is the volume of freshwater extracted from its source (rivers, lakes,
aquifers) for agriculture, industries and municipalities. The data availability is already described concisely in
section 4.2.1. Annex IV provides more in-depth information.
3) Environmental water requirements (Env.) are the quantities of water required to sustain freshwater and
estuarine ecosystems.
Currently, Statistics Netherlands has no data for this component.
2.2.3 Pros and cons of using national statistical data
The use of statistical data for indicators under 6.4 has a number of advantages:
The available data from Statistics Netherlands allows for complete calculation of the proposed Water
Use Efficiency (WUE) (indicator 6.4.1), using the international standards of SNA, SEEA-W, Water Statistics and in
line with the official ISIC categories.
Economic data is available with high detail regarding industrial classification and is compiled along the
National Accounting Standards used by statistical offices all over the world. This results in an unprecedented
comparability of data across countries.
Water withdrawal data is also defined by and compiled along the framework of the SEEA-Water and
international standards for water statistics, using the framework of the harmonized OECD, Eurostat, EEA and
UNSD questionnaires. At least in the countries in the European and OECD areas, comparable values for indicators
can be constructed.
Economic data, as well as data on water withdrawals, can be compiled on a sub-national scale, for
instance per river basin.
Several projects conducted within Statistics Netherlands have already lead to successful use of remote
sensing data, combined with register data on flows and statistical data on withdrawals.
The statistical data is mostly available in long time series, more than the demanded 20 years. This
largely suffices to comply with the required LTAA of the indicators.
To compile the item External Inflow in the water statistics / water accounts, detailed and very accurate
data is obtained from the water management authorities in the Netherlands.
With support by World Bank and United Nations Statistical Division (UNSD), as well as with regional
initiatives and support, countries increasingly establish and develop water statistics and SEEA Water Accounts,
both flow accounts (with Water supply & Use tables) and Water Asset Accounts in compliance with international
statistical standards, that allow for compilation of the physical water part of both indicators, 6.4.1 and 6.4.2. For
the economic part of indicator 6.4.1, compilers can easily rely upon data from the National Accounts of
practically all countries globally. Using the international standards allows for comparison among countries in a
standardised and equal manner.
The disadvantages consist of:
Not all parameters are available in statistical data. Data on Actual Evapotranspiration is already added
from satellite data. Trans boundary groundwater flow needs to be added to complete the external renewable
resources in indicator 6.4.2. Water Stress, ‘Environmental water requirements’ (indicator 6.4.2) is not accounted
for yet. This can be added, although there is still a substantial debate about the way it should be compiled. This
is demonstrated In paragraph 4.4.3, where a few hydrological methods for calculating Environmental Flow are
discussed.
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2.3

Remote Sensing-Based Data

2.3.1 Introduction
Remote sensing can be a valuable additional source of data for monitoring indicators 6.4.1 and 6.4.2. The
number of Earth Observation (EO) satellites has been growing steadily over the past decades, offering
increasingly detailed and reliable data on atmospheric and land surface conditions. Based on this data, the actual
evapotranspiration (AET) can be derived. AET is the sum of evaporation and plant transpiration from the Earth's
surface to the atmosphere. It is an important component of the hydrological cycle and therefore for calculating
the IRWR. In the Netherlands, AET amounts to more the 60% of the annual rainfall. It is also a good indicator for
the volume of water used by the agricultural sector.
A number of algorithms have been developed to calculate the AET based on remote sensing data. eLEAF has
developed the SEBAL and ETLook algorithms, which have been used extensively to calculate AET around the
world. For other algorithms, Karimi and Bastiaanssen (2015) have made an overview of existing algorithms and
compared the result in more detail. Currently, eLEAF produces AET data, among others, for the Dutch water
boards and the FAO. The former covers the whole of the Netherlands; the latter covers the whole of Africa and
the Middle East. eLEAF has also made AET data for Statistics Netherlands. This data was used to calculate the
internal flows of 2009 and 2014. It was incorporated by Statistics Netherlands to improve their internal flow
calculations, compared to the traditionally used data sources. This is discussed in Chapter 5, where we consider
the ladder approach for SDG 6.4.2.
2.3.2 Remote sensing data for indicators 6.4.1-2
Much remote sensing data is freely available, such as MODIS,
Landsat, Proba-V and Sentinel 2. In additional, a number of AET
datasets based on this data are already available, such as NASA’s
MOD16 and LSA SAF. In 2017, FAO’s freely available Water
Productivity database11, referred to above, will also become
available.
Although satellite-based data can only cover the agricultural
sector in SDG 6.4.1, it is a valuable addition, offering a spatial and
temporal resolution that is difficult to match with surveyed data.
Figure 4.2 gives an example of satellite-based AET for the
Netherlands. This was produced by eLEAF for Statistics
Netherlands for their internal flow calculation of 2014. The urban
areas in the western part of the Netherlands clearly stand out due
to their low AET (point 2 is located in Amsterdam).

11

Figure 4.2: Actual evapotranspiration (mm) for
the Netherlands at a 250m resolution.

www.fao.org/in-action/remote-sensing-for-water-productivity/en/

55

In Figure 4.3 the time series of AET for 2014 is shown for the four points in Figure 4.2. Point 1 is located in a
forested area, point 2 in and urban area and points 3 and 4 in agricultural area. As expected for the Netherlands,
there is a large difference in AET between the winter and summer period.
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Figure 4.3: Monthly AET (mm) for the four points in Figure 4.2.
In Chapter 5 is described how remote sensing based AET data is used to improve the internal flow calculation
for the Netherlands (part indicator 6.4.2). For water use efficiency in the agricultural sector conversion steps are
required to derive irrigation withdrawal from AET data. This is explained in annex V with some additional
information on calculating AET.
2.3.3 Pros and cons of using remote sensing data
The use of remote sensing-based data has a number of advantages:
 Agricultural water use derived from remote sensing, which is actual ET can be made for each country
relatively easily;
 A number of AET data sources are already publicly available;
 Historical archives make it possible to assess the trend in water use efficiency, even when no prior
information has been collected;
 The methodology can be consistently implemented in each country, making cross-country comparison
for AET possible; and
 It has a high level of spatial and temporal resolution, which will enable more targeted policies to
improve agricultural water use efficiency.
Its disadvantages consist of:
 It can only cover water use for crop growth in the agricultural sector. Nevertheless this is one of the
biggest categories of water abstraction from the environment;
 Additional steps are necessary to convert AET (crop water consumption) to irrigation water withdrawal.

2.4

Model-Based Data

2.4.1 Introduction
For the particular objective of assessing indicators 6.4.1 and 6.4.2, models can be used to provide information
at several spatial and temporal scales. The two models that provide the required data are the Netherlands
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Hydrological Instrument (NHI) (De Lange et al., 2014, www.nhi.nu) and PCR-GLOBWB (Wada et al., 2014),
coupled to a global scale groundwater model (De Graaf et al., 2015) for the entire world. The models are
developed by Deltares, Wageningen Environmental Research and Utrecht University, in cooperation with other
organizations. The required data for the indicator can either be the result of the model outcome or processed
data that is used as model input.
In the following paragraphs, we present a brief summary of the models and of the data available to compile the
indicators. An extensive description of the models and data can be found in Annex VI.
National Scale: the Netherlands Hydrological Instrument (NHI)
The NHI model is a detailed hydrological model for the Netherlands. It calculates water balances of soil,
vegetation, surface waters and the subsurface of the Netherlands, on a spatially distributed 250 m horizontal
resolution. Calculation results are available on a daily basis for the period from 1911 to 2015. The results can be
analysed on different scales, for example on a grid with a cell size of 250 m and on regional districts. Therefore,
a variety of datasets and measurements are used as input and calibration or validation data (Hoogewoud et al,
2015, Kroon et al, 2015).
The NHI model only provides water-related data. The output of the NHI model can be used as input for effects
models, for instance, for the economic values of crop production in the agricultural sector (model Agricom) and
ecological effects in surface waters and natural areas.
Global scale: PCR-GLOBWB and global MODFLOW
The PCR-GLOBWB model generates water balances for subsurface and surface waters on a global scale. Water
availability and water demand calculations are integrated to dynamically simulate water use at a daily time step
and to account for the interactions between human water use and terrestrial water fluxes. The main goal of this
integrated modelling framework is to estimate actual water use (i.e., withdrawal and consumption) rather than
potential water demand (independent of available water). It does not include any information related to crop
production and therefore it can only provide information related to the water system, such as
water balances for the surface water and larger groundwater aquifers in the world. Data is available on a daily
basis for the period of 1958 to 2010, for each cell of 5 by 5 arcminutes (approximately 10km at the Equator). To
calculate the transboundary flow of groundwater, the model is combined with the global groundwater model
using MODFLOW (de Graaf et al., 2015).
2.4.2 Model data for indicator 6.4.1
For indicator 6.4.1, NHI can provide:
1) The modelled water withdrawal per sector and per source (surface or groundwater) at a national level (more
detailed if desired);
2) The proportion of rain-fed agriculture at a national level as an input to calculate the proportion of agricultural
gross VA produced by rain-fed agriculture; and
3) The total calculated gross VA by agriculture per crop species separately (in combination with the effect model
Agricom. This is calculated, based on calculated evaporation deficits in NHI and price information from LEI.
Data is available on a daily basis for the period 1911 to 2015, on different scales (from cell size 250 m to regional
districts) (see Annex VI for more details). Examples of calculation results are shown in figure 4.4.
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Figure 4.4: Actual evapotranspiration (mm) for the Netherlands, for the summer half year (May-October)(left)
and trends in irrigation demand during several years (m3/year) (right), as calculated by NHI.
On a global scale, PCR-GLOBWB provides the following data for indicator 6.4.1:
1) The water withdrawal per sector and per source (surface/ groundwater) at a global level; and
2) The proportion of rain-fed agriculture at a global level as an input to calculate the proportion of agricultural
gross VA produced by rain-fed agriculture.

2.4.3 Model data for indicator 6.4.2
In addition to the data mentioned for indicator 6.4.1, NHI can provide following data (1911-2015) for the total
renewable freshwater resources:

Average annual flow and discharges of rivers (internal and external);

Total discharge of the river and stream systems (internal and external);

Recharge of aquifers as spatially distributed grids (internal); and

Groundwater discharge over the country borders (inflow – outflow).
Characteristics are available in input data of NHI to estimate the amount of water needed to sustain freshwater
ecosystems. This environmental flow can be calculated using several methods as illustrated by the paper of
Pastor et al. 2014, for example from the flow curves of the most important rivers (figure 4.5).
One of the hydrological methods that is most used for national or global assessments is the so-called Q90. With
this method, the flow that exceeds 90% of the period of record is accounted as the flow needed to maintain the
ecosystems. Another method estimates that between 20 and 40% of the total renewable resources is needed
for the ecosystems (30% is considered here as a practical approach). Both methods can be used to assess the
term Environmental Water Requirements of the indicator Water Stress. However there are some limitations in
using these methods. The most important limitation is related to the fact that both methods compile an average
value for the year and do not take into account the variability of the flow within the year. Besides, for some
ecosystems, maybe a Q50 or a Q80 would be sufficient, but this method, and also the one related to the total
renewable resources, do not take into account the requirement of specific ecosystems. An alternative approach
is to consider the estimates of the ecological needs as described by the water authorities Rijkswaterstaat and
the Water Boards.
Some input data related to vulnerable aquatic ecosystems is available, and labelled in NHI as environmental flow
(e.g. de Grensmaas, Haringvlietsluizen and Vecht). In addition, there is data on vulnerable terrestrial natural
areas and peaty areas (to prevent soil subsidence), which might also be considered. The cumulated demands in
dry periods for those categories are considered as alternative approach with local estimation.

58

Figure 4.5: Example of annual flow duration curves of the river Rhine at Lobith
On a global scale, PCR-GLOBWB provides in addition to the data mentioned for indicator 6.4.1, the following
information for total renewable freshwater resources:
 Total runoff calculated per cell; this includes direct runoff, interflow, base flow and groundwater
recharge (internal);
 Transboundary flow; cells following the country borders should be selected, the direction of the flow
determined, and the flow added up (calculated by a combination of PCR-GLOBWB and the global
MODFLOW model).
An example for internal renewable resources is shown in figure 4.6.

Figure 4.6: Multiannual average (1958-2010) showing the total annual internal renewable water resources at 5
by 5 arcminutes resolution from PCR-GLOBWB (Wada et al., 2014).
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2.4.4 Pros and cons of using model data
The use of model data for calculating the water use efficiency indicator has some advantages:
 Hydrological data completely cover the areas of interest on high spatial resolution and daily temporal
scale.
 Modelling results are available for long time series, which allows analysis of yearly values as well as long
term annuals, as needed for the official method.
 Hydrological processes are completely modelled. This provides a coherent framework for analysis,
including extra information from detailed processes. For instance, the total amount of consumed water
by crops is distinguished from the water demand and allocation for irrigation, since all terms are
explicitly modelled. Recharge of the aquifer not only results from precipitation and AET, but also from
runoff, return flows from irrigation, etc.
 In general, model data is continuous in time, without any lack of data. The needed information can
therefore be computed for every desired time period and moment in time; and
 The results of PCR-GLOBWB cover areas where hardly any data is known or available.
Besides some advantages, the disadvantages of using model data consist of:
 Setting up the models requires large datasets and sufficient hydrological expertise to set up and
complete the model schematisations. Data has to be regularly updated and models have to be
calibrated, to reflect reality.
 Although a lot of parameters are based on the same water data as used in the statistic data sets (for
The Netherlands e.g. withdrawals from drinking water companies and industries, irrigation data
obtained from LEI, precipitation from KNMI), consistency with the data in Water Accounts & statistics
within Statistics Netherlands is not assured yet. Hopefully the input data for the models can be aligned
with the available National Statistics and/or with data sources used for the compilation of the statistics
& Accounts explained in previous sections. This would further enhance consistency between the
national statistics and the models and would enable further analysis.
 Difference also occur between the additional data sources, for example the modelling approach (NHI)
to calculate AET is different from the modelling approach that uses satellite data (eLEAF).
 Not all indicator variables are computed directly; post-processing of large datasets is often needed to
derive the required variables.
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3.

Progressive monitoring (Ladder Approach) for the Netherlands

3.1
Introduction
This memo shows how the indicators can be compiled using three different approaches, which in part are
complementary approaches. Two approaches will be explained and their respective features regarding data,
method, quality and consistency, treated in detail. The third approach is recommended, as a result of the two
approaches:
1.
Compile the indicators based on statistical data, according to international standards, such as IRWS and
SEEA-type Water Accounts;
2.
Further improve, by adding available data calculated on the basis of remote sensing and hydrological
models.
3.
An integrated approach with full consistency between the statistical data, model data and satellite data.
In paragraph 5.2 we give an example of the calculation of the Water Use Efficiency indicator 6.4.1 for one year
(2012) based on available statistical data from the water statistics, SEEA type of water accounts and the National
Accounts. This example illustrates that the indicator 6.4.1 can be calculated entirely with data from Statistics
Netherlands.
In paragraph 5.3, we will elaborate the steps of the ladder approach for indicator 6.4.2. The ladder approach we
propose is not a new concept for the Netherlands. In previous work, Statistics Netherlands has elaborated the
use of additional data from both remote sensing and models. Actually the remote sensing data have been used
already. We are convinced that applying and further integration will be valuable for adding information and
detail compilation of the SDGs indicators in the Netherlands and equally important to contribute with
information to adequate water management at the extended temporal and spatial scales in the Netherlands.
This may equally benefit other countries too. In Chapter 6, this is elaborated further with examples of the effects
of using a higher resolution in the data for the components of the water stress indicator.
3.2
Indicator 6.4.1 calculated with statistical data
Table 5.1 show how the official statistical data available within Statistics Netherlands can be used for the
calculation of indicator 6.4.1, both the water withdrawals (water abstractions), water use and Value Added for
the three main sectors. From this a value for water use efficiency (WUE) can be calculated following the current
format of the indicator. For VA the data from National Accounts within Statistics Netherlands is used, for water
abstractions data from the published SEEA – type of water accounts by Statistics Netherlands are used; data for
2014 will be published in beginning of 2017.
Table 5.1 Input data for proposed Water efficiency indicator (WUE) from available statistical data
2012 1)

Component
Gross value added by sector (M Euro)
GVA by agriculture, excl. fish & forestry (ISIC
01)

GVA
GVAa

GVA by agriculture, fish & forestry (ISIC 02-03)

10,210
336

2)

GVA by industry, incl. energy (ISIC 06-35)
GVA by services (ISIC 41-43)

GVA by services (ISIC 36-39 and ISIC 45-99)
GVA total Netherlands

GVAi

2)

91,393
28,323

GVAs
GVA

448,792
579,054
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Volume water withdrawn by sector (unit:
Mm3)3)
Withdrawal by the agricultural sector (ISIC 0103)

Vx
Va (freshwater TWW)

60.7

Withdrawal by the industries (ISIC 06-35)

Vi (freshwater TWW)

8,924.7

Withdrawn by the service sector (ISIC 36)

Vs (freshwater TWW)

1,217.3

(freshwater TWW)

580.7

4)

Withdrawn by service sector (ISIC 37-97)
Withdrawal total Netherlands

10,783,4

Area land (ha)
Total agricultural land used 5)

Area

Total arable land used

Area ‘arable’

Total land for horticulture in the open
Total land for forage plants
Irrigated agricultural land
Irrigated arable land

6)

7)

8)

6)

Irrigated horticulture land

6)

1,841,698.5
520,802.9

Area

86,421.0

Area

237,989.3

Area

53,865.0

Area ‘arable’

15,027.5

Area

10,105.6

Underlying indices needed for the calculation
Ai prop. irrigated land on total arable land
(ratio)

15,027.5 / 520,802.9 =

0.0289

Cr Agricultural GVA by rain fed agriculture
(ratio)

1/(1+(0.0289/((1–
0.0289)*0.375)))

0.9265

Source: Statistics Netherlands (CBS), 2016c t/m 2016h.
1) Chosen 2012, other years can be compiled too.
2) GVA by these industries are excluded, because not part of the proposed indicator by UN-Water.
3) For data, see table 4.1. This includes abstraction of groundwater and surface water as determined by
proposed indicator by UN-Water.
4) Withdrawal in these industries are excluded from the calculation sector, because not part of the proposed
indicator by UN-Water.
5) Utilised agricultural area (UAA).
6) Horticulture, in the open: Refers to the growing of crops in the open, usually directly for the market.
7) Forage plants: area green fodder usually serves as fresh forage.
8) Area at least irrigated once this year.
Table 5.2 show how the calculation of the 6.4.1 indicator WUE, by use and processing of the statistical data
available (table 5.1). This is done for the three main sectors and based upon the current and preliminary format
of the 6.4.1 indicator WUE as proposed by Un-Water.
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Table 5.2 Proposed WUE – indicator, calculated with available statistical data, example
2012 1)

Component
Sectoral water use Efficiency calculation: Awe; Iwe; Swe;
Ai prop. irrigated land on total arable land
(ratio)

= 15,027.5 / 520,802.9 =

0.0289

Cr Agricultural GVA by rain fed agriculture
(ratio) 2)

= 1/(1+(0.0289/((1–
0.0289)*0.375)))

0.9265

Awe Irrigated agricultural WUE (€/m3)

= (GVAa * (1 – Cr)) / Va
= 10,210 * (1-0,9265) / 60.7 =
= 750.7 / 60.7 =

12.4

= GVAi / Vi
= 91,393 / 8,924.7 =

10.2

= GVAs / Vs
= 448,792 / 1,217.3 =

368.7

3

Iwe Industrial WUE (€/m )
3

Swe Services WUE (€/m )

PX Proportion of water withdrawn by the sector X, over the total withdrawals
PS Proportion of water withdrawn by the agricultural sector
PI Proportion of water withdrawn by the industry sector
PS Proportion of water withdrawn by the service sector

0.0059
0.8747
0.1193

Computation of 6.4.1: WUE
WUE = Awe x PA + Iwe x PI + Swe x PS =

= 12.4 * 0.0059 + 10.2 * 0.8747 + 368.7 *
0.1193 =
= 0.0732
+ 8.9212
+ 43.9859
=
= 0.073
+ 8.921
+ 43.986
=
=
52.981 (53.0 €/m3)

1) Data refer to 2012 withdrawals. Data on 2014 are compiled.
2) Ai and Cr are based upon irrigated ‘arable land’. Once land used for horticulture and land for forage plants
are included this figure on Agricultural GVA by rain fed agriculture versus by irrigated agriculture will change.
The variables shown in the previous table are computed as follows:
 The available statistical data like on: GVA by industry (ISIC) from NA, water abstractions data
(withdrawal) by industry (ISIC) from SEEA - water accounts, utilized agricultural area by agricultural
subsector, area irrigated by agricultural subsector are compiled along the methods described in
paragraph 4.2.1.
 Data on water withdrawals are compiled by Statistics Netherlands in the framework of SEEA-Water
Accounts and water statistics, in line with international standards. The 2012 data are applied to show
the way the statistical data is used in compilation of the indicator.
 Only the annual data are used in this example of the indicator compilation.
For agriculture water use efficiency (Awe) the irrigated ‘arable land’ is used as this is suggested in the proposed
(preliminary) indicator by UN-Water. An alternative would be to also include land used by horticulture and land
for forage plants, this will increase this figure. Due to the relative small proportion of agriculture in total volume
of abstractions of ground- and surface water in the country this will only have limited impact on the overall WUE
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for the country. Several options exists to further improve the indicator, like adding own abstractions by the
service industries and adding rain fed agriculture, adding soil water, distributing abstracted water by ISIC 36 over
all ISIC industries (See also recommendations in chapter 7 and chapter 8). A simple straightforward option would
be to combine the statistical data from National Accounts and SEEA – type Water Accounts for the three
industries and calculate the WUE (‘water productivity’) indicator for the economy as a whole, possibly even per
water type, groundwater, surface water, and soil water.
3.3
Indicator 6.4.2 calculated with statistical data
Table 5.3 gives an example of the official statistical data available within Statistics Netherlands that can be used
for the calculation of the total renewable water resources and water withdrawals. From this, a basic, first value
for water stress can be calculated. For P and ET, data from KNMI is used. Data from 2009 have already been
published (Graveland & Baas, 2012); data from 2014 will be published in Q1 of 2017.
Table 5.3 Water stress indicator calculated with statistical data
Component (unit: M m3)
Internal Renewable Water Res. (IRWR)

External Renewable Water Res. (ERWR)

2009

20141)

P

27,568

31,950

Potential ET

23,270

23,036

Internal flow = P – pot ET

4,298

8,914

Fresh surface water inflow

67,962

70,644

Fresh groundwater inflow

N/A

N/A

Total Renewable Water Res.2) (TRWR)

= IRWR+ERWR

72,260

79,558

Total Withdrawals (TWW) all sectors

Fresh Surface water

10,654

9,7843)

Fresh Groundwater

1,011

1,0003)

11,665

10,7833)

N/A

N/A

16 %

14 %2)

TWW
Environmental Water req. (Env.)
Water Stress %

=TWW / (TRWR-Env.)*100

1) Preliminary data
2) Excluding groundwater inflow
3) Data refer to 2012 withdrawals. Data on 2014 are under construction.
The variables shown in the previous table are computed as follows:
 Basic statistical data on P, ET and Inflow are compiled along the methods described in paragraph 4.2.2.
The concept of Internal Flow is also described there.
 Data on water withdrawals are compiled by Statistics Netherlands in the framework of SEEA-Water
Accounts and water statistics, in line with international standards. The 2014 data are not yet available;
for this example, data from 2012 is used as a preliminary estimate for 2014.
 For total IRWR, the data reflect actual yearly values, and not the Long Term Annual Average (LTAA) as
defined by the official method.
The calculation of water stress (%) in Table 5.3 does not account for external groundwater inflow or for
environmental water requirements, as this information is not available in Statistics Netherlands. Moreover, it
uses a simplified calculation for total P and ET. If groundwater inflow data is available from models, TRWR will
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be higher, resulting in a higher denominator and lower water stress values. On the other hand, the incorporation
of data on environmental water requirements will lead to a smaller denominator and significantly higher shares
of water stress.
3.4
Indicator 6.4.2 calculated with enriched statistical data, satellite data and model results
In Table 5.4, a more advanced calculation of water stress is presented. The calculation differs from that in Table
5.3 in the following areas:
 P data presented here are delivered to Statistics Netherlands by eLEAF and are calculated with the
values from 300+ KNMI measuring stations, but are interpolated over the country’s surface using P
radar measurements; and
 Instead of potential ET, AET is used. This is calculated on the basis of remote sensing (see paragraph
4.3) by eLEAF on request of Statistics Netherlands; and
 A value for external inflow of groundwater is used. This value is calculated with the NHI model by
Deltares (see paragraph 4.4); and
 ‘Environmental Water Requirements’ are taken into account. An estimate for the range of
Environmental Flow Requirements is provided by Deltares based on different approaches (a,b,c) as
explained in paragraph 4.4 and in table 5.2.
 In this example the total IRWR still reflects actual yearly values, and not the Long Term Annual Average
(LTAA) as defined by the official method.
Table 5.4 Water stress indicator calculated with enriched statistical data
Component (unit: M m3)
Internal Renewable Water Res. (IRWR)

2009
P 2)

2014 1)

28,294

31,644

17,022

20,005

11,273

11,639

67,962

70,644

540

508

ERWR

68,502

71,152

Total Renewable Water Res. (TRWR)

= IRWR+ERWR

79,775

82,791

Total Withdrawals (TWW) all sectors

Fresh Surface water

10,654

9,7843)

Fresh Groundwater

1,011

1,0003)

Actual ET

2)

Internal flow = P – AET
External Renewable Water Res. (ERWR)

Fresh surface water inflow
Fresh groundwater inflow

Environmental Water req. (Env.)4)

4)

TWW

11,665

a) Method Q90

37,010

42,650

b) Method 20-40% (30%) TRWR

23,933

24,837

8,011

8,442

a) Env. Method Q90

27%

27%

b) Env. 30% TRWR

21%

19%

c) Method model input data

16%

15%

c) Method model input data
Water Stress %

10,783

=TWW / (TRWR-Env.)*100

1) Preliminary data
2) Source: WaterWatch (2011), ,eLEAF(2016)
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3) Data refer to 2012 withdrawals. Data on 2014 are under construction.
4) Source: Deltares
The following conclusions for the Netherlands can be made, comparing table 5.3 and 5.4:
1.
Enriching Statistical data with satellite data and modelling results, results in different outcome.
2.
There is a large difference in the values for IRWR, as a result of using AET instead of potential ET, at
least in the example using yearly values. The AET is a more realistic approach (especially in drier years), because
it considers the availability of water that can be evaporated or transpired.
3.
The contribution of the fresh groundwater inflow (i.e. trans boundary flow) as calculated by the
hydrological model, is relatively small for the Netherlands. Additional analyses show limited variation (< 20%) in
the calculated inflow within 30 years.
4.
The different approaches for the Environmental Water Requirements result in a large range of
estimated values, which affects the calculated value of water stress. More guidance on the approach is needed,
if water stress values of different countries are to be compared.
Combining the statistical data, the satellite-based data and the model-based data for compiling indicator 6.4.2,
has proven to be a very useful exercise. Further combining of these data is expected to improve future
compilation of the indicators, and might benefit other projects, where statistical data, satellite data and
modelling data are involved as well. From this experience we have the following findings and expectations:
Enhancing consistency between the different approaches is expected to lead to further improvement
and refinement of compiling the indicators for the Netherlands and for the support of the countries’
actual water management and decisions. This may also apply to other countries.
Using satellite data has proven to enrich statistical datasets.
Using hydrological modelling data will further complete and improve statistical datasets, for example
information about trans boundary groundwater flow and environmental water requirements, and
extending datasets with long time series. At the same time use of existing statistical datasets is expected
to further improve the input of the hydrological models, e.g. temporal datasets of withdrawals of
surface water and groundwater and use and abstraction by industries outside agriculture and by
households.
Satellite data and hydrological modelling data show different outcome of calculated AET. It should be
realized that both are modelling approaches. Further use of satellite data in the hydrological modelling,
as validation data, calibration data or input for the models is an on-going process and expected to
improve the hydrological modelling. At the same time valuable feedback will become available for
future processing of satellite data.
Based on the experiences mentioned above, we recommend a third approach in the ladder approach, for future
compilation of the SDG indicators:
An integrated approach with full consistency between the statistical data, model data and satellite data
(see also Annex VII about water accounting+).
In the next chapter we will elaborate further on the advantages of using combined approaches for the
compilation of SDGs 6.4.2, with emphasis on the use of data with higher spatial and temporal resolutions.
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4.

Advantage of the Ladder Approach

4.1
Compilation of indicator 6.4.2 with higher spatial and temporal resolution
As already identified in country-wide discussions on indicator 6.4.2, a yearly and country value for water stress
(%) in itself does not tell the whole story about water stress situations that can occur in certain regions or in
certain months of the year. More resolution can provide more insight and is necessary for a country such as the
Netherlands to detect and monitor water stress at a regional or local level in context of proper water
management. More in general, it might not be sufficient to calculate the indicator at a year or country level,
because issues at a regional level and that occur within a year are masked. In this chapter, we illustrate this
consideration by showing some examples of the variation in the components of the indicator with increased
temporal or spatial resolution, or with a breakdown in sectors and or type of water.
Spatial resolution of water withdrawals
Water withdrawals of groundwater and/or surface water can vary between the regions in the country. Activities
that require large volumes of water for their production processes, such as for cooling in power plants, are often
situated in regions with a large availability of surface water, for instance at the borders of large rivers or lakes.
Groundwater abstraction for agricultural production mainly occurs in the higher sandy grounds in the eastern
part of the country, where surface water is not always available. Table 6.1 shows the water withdrawal data for
2009 (Graveland & Baas, 2012), with a breakdown into sub-river basins and main economic sectors, separated
for groundwater and surface water.
Table 6.1: Water withdrawals (Million m3) per river basin and per economic main sector, 2009
River Basin

Total

Agriculture

Industrial
activities 1)

Water supply
companies

Million m3
Groundwater withdrawals
Rhine2)

614.4

36.8

123.4

454.2

41.9

0.5

4.3

37.2

Meuse

334.0

38.9

53.4

241.7

Scheldt

23.9

0.9

4.2

18.7

1,011.2

73.9

185.3

751.9

6,249

11

5,963

274

49

1

41

7

Meuse

3,901

4

3,695

202

Scheldt

453

0

452

-

10,654

19

10,152

483

Ems

Total
Fresh surface water withdrawals
Rhine
Ems

Total

Source: Graveland & Baas, (Statistics Netherlands) 2012.
1)
Mining, manufacturing industry, energy sector, environmental services, building sector
2)
Data can also be provided for the four national sub-river basins of the Rhine basin.
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Temporal and spatial resolution of external inflow of surface water (ERWR)
Figures 6.1.and 6.2. show the average and the monthly external inflow of surface water from Germany and
Belgium into the Netherlands territory via large and small rivers and canals, for the Rhine River basin (6.1) and
the Meuse River basin (6.2).
Figure 6.1: Monthly external inflow of surface water versus monthly average inflow
Rhine River Basin, 2014.
M m3
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Figure 6.2: Monthly external inflow of surface water versus monthly average inflow,
Meuse River Basin, 2014.
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These figures show that there is a large variation in the monthly inflow when compared to the average inflow.
Also, the pattern of monthly inflow differs between the two river basins, as the River Rhine is fed by both rainfall
and glaciers, while the flow in the Meuse River is more rain-dependent and more regulated by dams and sluices.
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After several months with low external inflow combined with increased withdrawals, the monthly or seasonal
calculated results of indicator 6.4.2 indicates water stress situations. But this is not detected when the indicator
is calculated using yearly values of inflow (monthly average * 12). However, it could be discussed if even a
monthly or seasonal calculated water stress is reflecting the real actual water stress. This all depends on the
regional and national water management as well as the available soil and groundwater reserves. These two
factors can reduce the actual or ‘experienced’ water stress.
Temporal and spatial resolution of Actual Evapotranspiration
The advantage of AET data as an additional source for monitoring SDG 6.4 is the high temporal and spatial
resolution that it offers and its ability to map large areas quickly and consistently. Below are some illustrative
examples.
Water stress has a strong temporal and spatial component that is easily lost in national annual values. This is
reflected on satellite based images. Figure 6.3 shows the shortage of water in the soil, expressed as ET deficit,
for the Netherlands in 2013. Although some droughts are reflected in the annual figures, water stress generally
has a seasonal element.

Figure 6.3: Monthly evapotranspiration deficit (Potential ET – Actual ET) in the Netherlands. The deficit indicates
the reduced evapotranspiration due to water shortage in the soil (blue indicates a low deficit; red a high deficit.
The relatively dry period (for Dutch standards) around July does not persist the whole year, making it less
pronounced when using the annual total value to calculate water stress for this SDG. The figure also shows the
regional difference in water shortage, with the southeast of the Netherlands experiencing a more severe and
longer drought period. This regional aspect will be missed in a national indicator. This is particularly relevant for
large countries that cover multiple climate and ecological zones.
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Figure 6.4 is an example of the power of satellite-based data. It shows the 2015 annual AET for Africa and the
Middle East at a resolution of 250m, based on 10 daily averages. Satellites have the ability to map large areas
quickly and consistently. This can be a valuable addition for monitoring SDG 6.4 in areas where agricultural
(irrigation) water use data is sparse or not available.

Figure 6.4: 2015 Annual Actual Evapotranspiration, taken from FAO Water Productivity (test data).
Temporal and spatial resolution of the Irrigation Water Demand
The demand of irrigation water is highly dependent on the crop type, the precipitation regime, and the soil
properties. Therefore, the demand is not constant throughout the year and also not homogeneously distributed
in space.
In terms of temporal variation, especially in regions in the world where the precipitation regime is bi-modal,
with a dry and a wet season, the irrigation water demand can be very high in the dry season and inexistent in
the wet season. When calculating water stress, irrigation water demand is an important contributor to the total
water abstractions, particularly for some countries where agriculture is the main water consumer. If the
irrigation water demand is averaged per year to calculate water stress, it might seem that water stress is
inexistent or minimal when in reality during the dry season water stress is a relevant issue in the region. At the
same time referring to TRWR as the denominator in the stress indicator 6.4.2, the replenishment of the water
resources during the wet seasons will enlarge TRWR. This will reduce the water stress situation in the dry season,
compared to a situation with constant droughts. The soil also functions as a buffer to overcome certain temporal
periods of droughts. This is also the challenge for water management.
An example of irrigation water demand variation is illustrated by the following two graphs for the Netherlands
(top graph; information extracted from NHI) and for Bangladesh (bottom graph; information extracted from
PCR-GLOBWB):
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Figure 6.5: Total areal amount of irrigation in m3/m2 for the year 2009 separated for groundwater fed (red) and
surface water fed (blue) irrigation withdrawal, as calculated by NHI.

Figure 6-6 Example of a time series extracted from PCR-GLOBWB with monthly irrigation water demand for a
random point in the northwest of Bangladesh for the year 2009. The data is presented in metres/month.
In terms of spatial variation, irrigation water demand can also differ a lot from region to region. An illustration
of this variation for the Netherlands can be seen in the following maps.
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a. Groundwater for irrigation in agriculture – 2009

b. Surface water for irrigation in agriculture – 2009

Fig 6-7: Yearly sum of the total water withdrawal per NHI model cell (250x250 m) for irrigation purposes. A
distinction is made between surface water and ground water extractions for irrigation purposes. Shown is the
year 2009; maps for the 1911-2014 period are available.
The maps and graphs shown above demonstrate the risk of underestimating water stress if the indicator is
calculated as an average for the year or an average for a region. These figures also show the advantage of using
information with a higher temporal and spatial resolution to identify the months in the year and the regions
within the country, most prone to suffer from water stress.
With this information, the pertinent authorities can decide on how to evaluate water stress for a specific country.
In some cases, it might be more correct to calculate water stress for the dry season, or use weighted averages
per region, in order to reflect the real water stress situation of a country.
These figures also show that model results can fill the information gaps at high temporal and spatial resolution.
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5.

General observation and recommendations on Methodology

Here we report on some observations on applying proposed SDG 6.4.1 - indicator compilation, method and data.
Experience from compilation WUE – indicator:
A.
The WUE indicator can easily be compiled from the existing water statistics and SEEA-type Water
Accounts in the country. The economic information from NA and the water information from Water statistics /
Water Accounts within Statistics Netherlands (CBS) could be linked and the proposed indicator calculated;
B.
A preferred improvement of the currently proposed indicator would be to extend the current indicator,
now focusing on groundwater and surface water, with ‘soil water’. For soil water (green water), the same
compilation procedure can be applied, starting from the SEEA Water Accounts data; it is conceptually parallel
with the other, but currently the data is available for only 2 reporting years (2009 and 2014);
C.
In the proposed indicator rain-fed agriculture - largely relaying upon precipitation or better soil water is excluded from the WUE concept and calculation. This causes an incomplete assessment and insight in the
relation between water provision services to agriculture and Value Added from agriculture. This demands for an
adjustment to the proposed method for calculation of the 6.4.1 indicator;
D.
Moreover, the indicator suggests that agricultural land is either irrigated or rain fed; however, in many
regions and countries that is not the case, as it is often combined on the same land or parcel, contributing or
adding to each other;
E.
The service water supply efficiency in the indicator calculation carry some strange features, as it relates
the water supplied to all industries and households with the economic output (VA) of only a limited set of
industries, namely the service industries. It means that the VA generated in industries (agriculture, mining and
manufacturing) that also rely upon distributed water is not part of this indicator. This is understandable;
otherwise, the VA from these industries would be accounted for twice, which would also be confusing and not
completely correct. How to solve this needs to be discussed further. One solution would be to add the water
abstracted (both ground- and surface water) from the environment by the water supply companies for tap water
production and take the share of it that become ‘distributed’ water (item in the PSUT) and end up in either
agriculture and industry. Take these two volumes and add them to the volume abstracted via ‘own abstractions’
of ground- and surface water by agriculture and by industry respectively;
F.
Disaggregation to detailed industry based upon NA and EA water data could easily be done as the
underlying data is readily available in a consistent manner within CBS in the Netherlands. Other countries may
want to do that in an similar attempt to make more detailed comparisons across all sectors. This would improve
monitoring and enhanced targeting of particular industries, according to complete list of ISIC categories.
Subsequently, it enables production of quite detailed water productivity figures across all sectors by combining
the physical data on water (possibly per water type) based upon SEEA Water Accounts, with data on economic
output or performance (in terms of VA (or GDP) per ISIC industry from National Accounts);
G.
Several options for further improvement of the indicator exist as is, adding own abstractions by the
service industries, adding rain fed agriculture bot in VA and in Water abstractions (not limit the compilation of
WUE to solely agriculture), distribute abstracted water by ISIC 36 over all ISIC industries (not just service
industries), and incorporate soil water;
H.
A simple straightforward option would be to combine the statistical data from National Accounts and
SEEA - Water Accounts for the three industries and calculate the WUE (‘water productivity’) indicator for the
economy as a whole, or possibly even per water type, groundwater, surface water, and soil water;. The scarcity
aspects or WUE per show strong differences among the water types as well as options of substitution between
the water types;
I.
Disaggregation to water type, for example to groundwater or surface water, can easily be done, adding
the opportunity to derive more valuable data and information from the indicator; and
J.
The frequency that the indicator can be compiled at, is on a biennial basis. With some extra capacity,
this can be done on an annual basis. It is simply a matter of repeating the existing work more frequently.
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Conceptual / methodological issues of Water Statistics / SEEA - Water Accounts:
K.
Statistics Netherlands (CBS), in its Water Statistics / Water Accounts, deal with five main flows of data
on a yearly (or biennial) basis to capture all sectors and industries. They compile UN-SEEA – Water Accountstype data, which distinguishes the supply and use of five types of water: groundwater, surface water (fresh and
salt/brackish/marine), soil water, drinking water, and industry water. This is based upon water statistics data
and other sources;
L.
This information is available in supply and use format for a wide range of industries, following ISIC and
in the internationally comparable format following SEEA;
M.
The UN-SEEA – Water Accounts are already used in many countries and are further implemented
worldwide with help of UNSD and the World Bank;
N.
Regarding terminology, it is important to align the terminology, concepts and definitions with the
international agreed-upon standard for environmental accounting, the SEEA, or as a minimum, to build bridging
within the terminology. For example, it is not always clear whether withdrawal can be interpreted as abstraction,
which is water taken from the environment or to be used. That water is used as input in production and
consumption processes, including reused water and distributed water; and
O.
‘Raw water’ versus ‘used water’ requires some more guidance for the proper compilation of the WUE
indicator.
Recommendations after assessing the proposed WUE – indicator compilation:
P.
As agriculture in many countries combines rain-fed with irrigation practice, there is reason to try to
include the category rain-fed agriculture, for both its water use or needs and its VA. Otherwise, part of the
economic VA of a country remains outside the indicator, while large part of the VA generated relied upon water
(taken from the environment, from the inland water system). This is an omission in the current indicator;
Q.
Although important in many countries, irrigation in agriculture, on the other hand, has only limited
coverage. In many other countries, there is still a lot to gain in terms of proper water management to serve the
economy with rain-fed agriculture globally. Regarding rain-fed agriculture, the role of soil water (together with
groundwater) needs to be addressed in the WUE - indicator. A large part of rain-fed agriculture relies upon water
provision from the environment via soil water. It is a tremendous resource, or ‘natural asset’, for agriculture.
Often, its value is captured by the asset value of the land. Provision of water to crop production and grass and
then to animal feed is one of the main provisioning ecosystem services in many countries or regions. Therefore,
it should be considered;
R.
Although suggested as causing a bias, once one includes VA from rain-fed agriculture in the indicator
calculation, it has therefore been adjusted to solely irrigated agriculture, which causes a limitation of the
coverage and relevance of the proposed indicator. Therefore, a suggestion is to link the total volume of water
abstracted from the environment by agriculture to its total VA. A country able to generate more VA with similar
or less water abstracted performs well in terms of WUE. For example, phasing out uneconomic irrigation by
better water management will be covered by such an adjusted indicator. At least, total VA of agriculture comes
into the scope of the indicator; and
S.
The proposed calculation of proportion of agricultural GVA produced by rain-fed agriculture, in order
to calculate the agricultural GVA produced by irrigation, is very stylized. It uses a generic default ratio (fixed)
between rain-fed and irrigated yields of 0.375. This is very theoretical, and will vary extremely between regions,
crops and climate zones. In addition, it does not relate kg yields to monetary yields. It makes the calculation easy
and straightforward to implement, but does not tell the complete story. In many situations, VA generated relies
upon the combination of rain-fed and (partly) irrigated water. It is often not possible to distinguish between the
two. Often, irrigation is done solely during planting or sowing and sometimes at the end of the season, thus not
throughout the complete growing season. Often, irrigation is done in order to enhance the quality of the crop
and product and or to guarantee the harvest to some degree. This cannot fully be captured by this indicator.
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Issues for debate:
T.
It is questionable to aggregate WUE from abstracted water, since abstracted water from the
environment within the WUE differs from the abstracted water meant for distribution and supply to all industries
and households. Efficiencies between personally abstracted water and distributed water for use are not the
same and cannot be compared. One difference is that it has different quality (purified or not) and has totally
different value (price);
U.
Disaggregation to water type between groundwater and surface water can easily be done from Water
Accounts, adding opportunity to derive more valuable data and information from the indicator. This is highly
recommended as the impact from groundwater is much different and often more severe, leading to water stress
situations (refer to chapter on indicator 6.4.2). That is, water taken from the rivers in an in-stream situation
often causes less problems to the water environment and to water resource management than abstractions of
fresh groundwater does;
V.
Moreover, since the concepts of ‘soil water’, ‘green water’, and ‘rain-fed agriculture’ and its water use
have barely any or no role yet in the indicator, they are important to consider. It is therefore suggested to
consider the valuable resource of soil water (relating to ‘green water’) and its major role in mainly rain-fed
agriculture and resulting production and VA. In the existing proposal, one can circumvent this for the moment
by including the VA from rain-fed agriculture (not just the VA of irrigated agriculture, as it is now). Also, in rainfed agriculture, much is to be gained with regards to proper water management and WUE; and
W.
Objectives other than just generating VA from water might be relevant to consider in the WUE indicator.
This could include either water needed for environmental requirements or for water table management with a
multitude of objectives (foundation piles, prevention of salinization, survival or particular vegetation).
Presumably, this can be linked to use or abstraction by a particular industry (ISIC), for example, by government
or recreational use.
Indicator 6.4.2
X.
According to the definitions in the ‘GEMI step-by-step monitoring methodology for 6.4.2’, withdrawals
by the agricultural sector only include ‘annual quantity of self-supplied water withdrawn for irrigation, livestock
and aquaculture purposes’. In the typical Dutch water system, the water boards ensure a certain water level in
the polders in a large part of the country. This water level management ensures, among other objectives, the
availability of water for agriculture. As such, it has to be discussed whether and to which extent the large
volumes of water for surface water level management must be taken into account in the volume of TWW. On
the other hand, water level management in polders is also necessary simply to ‘keep the feet dry’, to prevent
from salinization of freshwater, to prevent the setting of peat soils and to prevent the deterioration of wooden
pile foundations in urban areas. Last but not least, it is aimed to improve or to guarantee the water quality;
Y.
The component IRWR has to be calculated as a LTAA. The GEMI methodology does not define how
many years have to be taken into account in calculating this LTAA. Moreover, for ERWR actual yearly values have
to be calculated. It would be better to use this for IRWR also, so that extreme values of P and AET, in combination
with extreme river flow conditions, are reflected in the water stress value. The methodology should give more
guidance on these issues; and
Z.
The calculation of the component environmental water requirements (Env.) is established with the aim
of protecting the basic environmental services of freshwater ecosystems. It is not completely clear whether this
focuses only on the water-based ecosystems or also on the terrestrial ecosystem which rely largely upon the
availability of sufficient freshwater throughout the year. This should be included in the indicator.

75

6.

Conclusions and recommendations

For this memo, we made a qualitative assessment of the ladder approach for SDG 6.4. The ladder approach uses
data from different sources to support the monitoring and reporting on water use efficiency and water stress.
In this assessment, we focused on the Netherlands, one of the Proof of Concept countries. Three data sources
were included: national statistics, remote sensing-based data and model-based data. National statistics were
considered the primary source of information for monitoring. The other two data sources were considered as
additional, completing and improving the national statistics, if possible. Based on this assessment, we conclude
that for SDG 6.4.1:

It is possible to generate the required data from existing national statistics for the water use efficiency
calculation. Adequate information is available in the National Accounts and Water Statistics / SEEA - Water
Accounts;

As agriculture in many countries combines rain-fed with irrigation practice, there is reason to try to
include the category rain-fed agriculture, for both its water abstraction from the environment and its VA.
Otherwise, both part of the economic VA of a country remains outside the indicator, while large part of the VA
generated relied upon water (taken from the environment, from the inland water system) and also part of the
water uptake by crops/plants and transfer to the atmosphere would not be covered by the 6.4.1 indicator. This
is an omission in the current indicator;

More disaggregated data can be provided from existing statistics and National Accounts and SEEA
Water accounts, through industry disaggregation (ISIC-4 letter level), regional disaggregation (on (Sub-)River
basins or catchments) and coverage, for the different water types, as well on the economic data for detailed
industries;

Further disaggregation, spatial and temporal, is possible when adding remote sensing- and modelbased data. For that purpose the model-based data should be aligned with the existing statistical data; and

Actions to improve water use efficiency will benefit from disaggregated data.
Clear proof of the value of the ladder approach comes from Netherlands Statistics’ current practice of reporting
the internal flow, which is comparable with the IRWR. To improve the internal flow calculation, remote sensingbased ET data and in/outflow data from models are used. For SDG 6.4.2, we also conclude that:

Most required data is available from the Water Statistics and water supply, use and
assets tables from SEEA - Water Accounts in the Netherlands.

Fresh groundwater inflow and Environmental Water Requirement has to be added from model based
data to complete the indicator.

Enriching Statistical data with satellite data and modelling results, results in different outcome.

Using Actual ET (from satellite data) instead of potential ET (from observation data) is a more realistic
approach, because it takes the availability of water into account.

The different approaches for the Environmental Water Requirements result in a large range of
estimated values, which affects the calculated value of water stress. More guidance on the approach is needed,
if water stress values of different countries are to be compared.

Further disaggregation in space and time is possible with remote sensing- and model-based data as well
as with statistical data; and

Water stress has a strong spatial and temporal component. This may be lost in annual country level
data and reports.
Next to the primary goal of compiling the 6.4 indicators, the indicators could also be used in water policies and
management as it provide valuable information to the acting water governing bodies and managers. This even
more holds for the further disaggregated indicators, allowing to make better informed decisions. Combining the
statistical data, the satellite-based data and the model-based data, has proven to be a useful exercise. Further
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combining of these data is expected to improve future compilation of the indicators, as well as other projects
where statistical data, satellite data and modelling data are involved. Based on this experience we recommend
a third approach in the ladder approach, with full consistency between the statistical data, model data and
satellite data.
Although our focus was on the Netherlands, we did consider the availability of the additional data sources for
the ladder approach outside the Netherlands. We conclude that remote sensing-based data is available in many
parts of the world with the same quality as in the Netherlands. Model data is also globally available, though
detail and quality may vary depending on the available input data.
We based our assessment on the current proposal by UN-Water for indicators 6.4.1 and 6.4.2. By considering
their implementation for the Netherlands, we came across several issues with regards to their practical
application. Therefore, we also have some suggestions for practical improvements.
This assessment was only qualitative in nature, given the scope of the project. Especially for 6.4.1 we did not
apply the ladder approach, just showed the quantification of the proposed and actual indicator with available
statistical data for a single year. For 6.4.2. a first attempt was done to quantify water stress, just to show the
potential of available data. We recommend application of the ladder approach for SDG 6.4 in some of the Proof
of Concept countries to test the merit of this approach.
If desired the ladder approach can get further developed, for example by directly combining remote sensing
data and models. Furthermore, the ladder approach may benefit from the inclusion of other reporting methods,
such as Water Accounting. The ladder approach could add detail to the indicators, which allows to generate
information that can be used for national and regional water policies.
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Addition to memo: SEEA Central Framework for Water Accounts
This Annex provides information about the on-going work on SEEA based water accounts and the
contribution of the SEEA to SDG monitoring for goal 6.
Method description
The SEEA Central Framework (2012) was adopted as an international statistical standard for measuring
the environment and its relationship with the economy in 2012. The SEEA Water (2007) provides a
more complete description of accounting for water using the SEEA Standard.
At the heart of SEEA water is an accounting approach that records, as completely as possible, the
stocks and flows of water within and between the economy and the environment. The water accounts
support an integrated approach to water management. Together the various accounts build a system
of information to study the inland water resources system (assets) and its relationship with the
economy by determining supply and use of water, where the economy is delineated by the boundaries
set in the System of National Accounts. There are three main accounts for water that capture various
aspects of this system:
- The Physical Supply and Use Tables (PSUT) measure, in physical (volume) terms; 1) the flows
of water entering the economy, which are either abstracted from the environment or
imported; 2) the flows of water and wastewater between different economic units within the
economy, and; 3) the return flows of water from the economy to the environment (directly or
via sewerage treatment plants);
- The Monetary Supply and Use Tables measure the monetary flows associated with water
related products;
- The Asset Account describes the inland water resources system in terms of stocks and flows,
providing information on the stocks of water resources at the beginning of the accounting
period, the corresponding changes in those stocks due to economic activity and natural
processes, and the closing stocks of water at the end of the accounting period. This can be
thought of as a hydrological water balance.
The concepts and definitions that comprise the SEEA standard for water are designed to be applicable
across all countries, irrespective of their state of economic development and variations in water
sources and uses.
Application to monitoring SDG 6
The information contained in the SEEA Central Framework Water Accounts (specifically the PSUT and
emission accounts) support measurement of the SDG goals 6.3 and 6.4 in particular. It is therefore
recommended that the definitions and classifications associated with the SEEA are adopted, as this
represents the international standard.

Wastewater flows from different industries (according to ISIC) and their destination
(treatment plants, direct to environment, sent for reuse, etc.) are captured in the SEEA Water Emission
Accounts, which can be used in the measurement of indicator 6.3.1.
Water withdrawal (‘abstraction’), use, and consumption are all captured by the SEEA Water accounts
and recorded by sector according to ISIC. This allows for the calculation of a water productivity
indicator (incorporating GDP or value added ($)), based on definitions encompassed in the
international statistical standard (SEEA) and disaggregated by sector according to ISIC.
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Addition to memo: Broad ISIC structure (Rev.-4)
The 1-99 ISIC Divisions (2-digit) represent 86 individual main categories of ISIC.
These have been aggregated into the following 21 sections.
Section

Divisions

Description

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T

01–03
05–09
10–33
35
36–39
41–43
45–47
49–53
55–56
58–63
64–66
68
69–75
77–82
84
85
86–88
90–93
94–96
97–98

U

99

Agriculture, forestry and fishing
Mining and quarrying
Manufacturing
Electricity, gas, steam and air conditioning supply
Water supply; sewerage, waste management and remediation activities
Construction
Wholesale and retail trade; repair of motor vehicles and motorcycles
Transportation and storage
Accommodation and food service activities
Information and communication
Financial and insurance activities
Real estate activities
Professional, scientific and technical activities
Administrative and support service activities
Public administration and defence; compulsory social security
Education
Human health and social work activities
Arts, entertainment and recreation
Other service activities
Activities of households as employers; undifferentiated goods- and
services-producing activities of households for own use
Activities of extraterritorial organizations and bodies

Source: United Nations, 2008. International Standard Industrial Classification of All Economic
Activities, Revision 4 (ISIC Rev.4);
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Addition to memo: Detailed description of computation of indicator 6.4.1
The definition of the indicator is explained in Chapter 3. This Annex describes the computation for the three
sectors mentioned in the indicator.
Concept Indicator 6.4.1
The indicator provides information on the efficiency of the economic usage of water resources, particularly on
the VA generated by water use in the three sectors of the economy, and distribution network losses. 12 This
indicator, 6.4.1, is not just about the absolute level, it monitors the change in ‘water use efficiency’ over time.
This divides VA by the water withdrawn over time of a given sector, showing: VA ($ or €) / water withdrawal
(m3).
This indicator is also referred to as ‘water productivity’, a term more familiar to certain audiences 13. One will
strive for increase in ‘water use efficiency’, or ‘water productivity’ over time for this indicator. Since it relates to
economic output in terms of production or VA (Euro) per unit of water (m 3), this can separately be applied to
volumes of groundwater, fresh surface water, or soil water. Sometimes, the term ‘water intensity’ is used by
swapping the numerator with the denominator; in that case, one will strive for less water per unit of economic
output.
The proposed WUE indicator specifically addresses the target component ‘substantially increase water-use
efficiency across all sectors’ by measuring the economic output per unit of water from productive uses of water
withdrawn (abstracted) from the environment, as well as losses in municipal water use. Together, the three
sectoral efficiencies are supposed to provide a measure of overall water efficiency in economic activity of a
country. The indicator provides incentives to improve water use efficiency through all sectors, highlighting those
sectors where water use efficiency is lagging behind.
Other indicators, specifically those for Targets 1.1, 1.2, 2.1, 2.2, 5.4, 5.a, 6.1, 6.2, 6.3, and 6.5, are supposed to
complement the information provided by this indicator. In particular, the indicator needs to be combined with
water stress indicator 6.4.2 to provide adequate follow-up of the target formulation.
Computation
The indicator is supposed to be computed as the sum of the three main sectors in the economy, weighted
according to the proportion of water withdrawn by each sector over the total withdrawals:
WUE = Awe x PA + Iwe x PI + Swe x Ps
Where:
WUE = Water use efficiency (USD/m3 or EUR/m3);
Awe = Irrigated agriculture water use efficiency (USD/m3);
Iwe = Industrial water use efficiency (USD/m3);
Swe = Services water use efficiency (USD/m3);
PA = Proportion of water withdrawn by the agricultural sector over the total withdrawals;
12

The distribution efficiency of water systems is explicitly considered only for the municipal sector as a
separate indicator, but it is nonetheless implicit within the calculations also for the other sectors, and could be
made explicit if needed and where data are available.
13
SEEA-Water in §9.19 refers to WP as Water productivity is the most widely used indicator from the water
accounts for cross-sector comparisons. It furnishes a first approximation of the potential gains and losses from
a reallocation of water.
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PI = Proportion of water withdrawn by the industry sector over the total withdrawals; and
PS = Proportion of water withdrawn by the service sector over the total withdrawals.

The calculations for the three main sectors (ISIC-industry aggregates) have their own dynamics and
characteristics. For example, the indicator for water use efficiency (principally abstraction efficiency) in
agriculture focuses just on the part of Irrigated agriculture (EUR/m3). The water efficiency indicator for industry
(principally ‘manufacturing’, and including power production) is straightforward as it combines industrial VA per
unit of industrial water withdrawn, expressed in USD/m3 (or EUR/m3). Finally, the services sector water supply
efficiency is calculated as the service sector VA, but just for ISIC 36-39 and ISIC 45-99 (see Annex I), divided by
the water volume withdrawn for distribution by the water collection, treatment and supply industry (ISIC 36),
expressed in USD/m3, thus excluding the part of the distributed water that flows to the industries in ISIC 1 – 35
and 40 – 43.
The computing of each of the three sectors is described below.
Water use efficiency in irrigated agriculture is calculated as the agricultural VA per agricultural water
withdrawn, expressed in USD/m3:
Awe
=
( GVAa * (1 - Cr) ) / Va
Where:
Awe
= Irrigated agriculture water use efficiency [USD/m3];
GVAa
= Gross VA by agriculture (excluding river and marine fisheries and forestry) [USD];
Cr
= Proportion of agricultural GVA produced by rain-fed agriculture; and
Va
= Volume of water withdrawn by the agricultural sector (including irrigation, livestock and aquaculture)
[m3].
Cr can be calculated from the proportion of irrigated land on the total arable land, as follows:
Cr
=
1 / ( 1 + (Ai / ( (1 - Ai) * 0.375 ) ) )
Where:
Ai
= proportion of irrigated land on the total arable land, in decimals; and
0.375 = generic default ratio between rain-fed and irrigated yields. More detailed estimations are however
possible and encouraged at a country level.
Water efficiency of industry (including power production) is the industrial VA per unit of industrial water
withdrawn, expressed in USD/m3:
Iwe = GVAi / Vi
Where:
Iwe
=
Industrial water use efficiency [EUR/m 3];
GVAi
=
Gross VA by industry (including energy) [EUR]; and
Vi
=
Volume of water abstracted by the industries (including energy) [m 3].
Water supply efficiency calculation of the Service Sectors, requires the service sector VA (ISIC 36-39 and ISIC
45-99, excluding construction) divided by water abstracted for distribution by the water collection, treatment
and supply industry (ISIC 36), expressed in EUR/m3:
Swe = GVAs / Vs
Where:
Swe
=
Services water use efficiency [EUR/m3];
GVAs
=
Gross VA by services [EUR]; and
Vs
=
Volume of water withdrawn by the service sector [m 3].
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Addition to memo: Details on statistical data
Available data from statistics:
Statistics Netherlands has a long-lasting experience in compiling statistics and accounts on water abstractions
and water use. This data is compiled for use within the SEEA Water Accounts as well as for international
questionnaires, like for OECD-Eurostat Joint Questionnaire on inland waters and EEA – SOER (State of the
Environment Report). Comparable data are available from 2001 onwards; for 2008, 2010 and 2012, the data are
more disaggregated to detailed level of economic activity according ISIC. This includes withdrawal of fresh
groundwater, fresh surface water and marine water (Statistics Netherlands, 2016c, 2016d). 14
In order to calculate the proportion of water withdrawn by the agricultural sector for irrigation, the total
agricultural area and the area under irrigation are needed. This data comes from either the spatial land statistics
(group) or from land accounts for total area. Data about area under irrigation comes from LEI, Agricultural
Economic Research Institute as enlarged figures which are produced from their sample of the farmers’
population (van der Meer, 2016).
Data available from National Accounts and Water Accounts & Statistics
For the required economic data, this is readily available from the National Accounts department within Statistics
Netherlands. It produces the Dutch National Accounts (NA) and monitors the country’s economic performance
in detail, such as the combined income (GDP), based on agreed-upon international standards, the System of
National Accounts (SNA) 2008 (SNA–2008; UN et al., 2009). In NA on both a yearly and quarterly basis, detailed
economic data on production, intermediary use, VA and gross domestic product (GDP) are produced. The NA
data is published in CBS - StatLine, the electronic database of the institute, in yearly or quarterly publications
(e.g., Statistics Netherlands (CBS) (2013a, 2014a, 2016e)).
A number of so-called satellite accounts are connected to these NA. Examples are regional economic accounts,
growth accounts (with productivity analysis), labour accounts, Environmental Accounts (EA), and ecosystem
accounts (also referred to as Natural Capital Accounts, NCA). These SEEA - Environmental Accounts (SEEA-EA)
are constituted of a list of EA modules, such as Energy Accounts, Water Accounts, Subsoil Accounts (Mineral),
and Air Emission Accounts, often with both physical and monetary tables. Moreover, SEEA-EA has several
modules which are primarily monetary, such as environmental tax accounts, environmental expenditure
accounts (EPEA) and Resource Management Expenditure Accounts (ReMEA).
For the calculation of indicator 6.4.1, these components of detailed data are needed and available:
Detailed economic data on production, intermediary use, VA, and employment:
Available within Statistics Netherlands (CBS);
Compiled in the NA department;
From the Dutch NAs;
According to international standards of SNA & ESA2010;
Available at macro- and meso-levels;
Industry – classification follows international ISIC-4 (and NACE-Rev.2);
By detailed industry (ISIC-4 categories) (see Annex-II: Broad ISIC structure, Rev.-4);
Available on yearly basis, if needed at quarterly basis;
Data is ready and publicly available at website Statistics Netherlands www.cbs.nl and from
www.cbs.statline.nl
Data compiled at regional disaggregation’s in Regional Economic Accounts;
Long time series; and
Data on employment (number of employees) by industry from Labor Accounts.
14

Direct use of non-conventional water, i.e. direct use of treated wastewater, direct use of agricultural
drainage water and desalinated water is excluded.
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Detailed data available on physical water abstractions (V) and water uses:
Available within Statistics Netherlands (CBS),
Compiled by the Environmental Statistics department & Environmental Accounts Group (part of the NA
department);
From the Dutch Water Statistics & Water Accounts (by SEEA-Water);
Physical supply & use tables for water (Water-PSUT);
Distinction between abstraction of fresh groundwater, fresh surface water, and brackish or marine
surface water, by industry (breakdown to detailed ISIC-Rev.4 level);
Distinction between uses of drinking water and of industrial water (also called ‘other water’);
Distinction between ‘water for own use’ and water via distribution networks obtained from (or supplied
to) another sector or industry;
Available at the macro- and meso-levels;
Industry classification follows international ISIC-4 (&NACE-Rev.2);
Available at a yearly (or biennial) basis. Due to budget cuts, part of the water data is only compiled
every two years;
Data is ready and publicly available at website statistics Netherlands: www.cbs.nl and partly from
www.cbs.statline.nl;
The water data is partly available for the 7 sub river basins (catchments) in the country; and
Data available partly from 2001 onwards and with maximum detail in SEEA – Water Accounts (PSUT)
format, for recent years (for reporting year 2008 onwards).
Additional data sources available and used for the calculation of indicator 6.4.1 are:
Data from irrigated area (irrigated once a year) and the area irrigated in total, combining area with
frequency on that area per reporting year) by agricultural subsector (5*);
Frequency of irrigation on this area per reporting year, per agricultural subsector (5*);
Volume of water abstracted, per agricultural subsector (5*);
Volume of fresh groundwater abstracted, distinct from abstracted fresh surface water;
Data also available about dedicated irrigation (gietwater) in horticulture;
Besides irrigation water, abstraction of ground- or surface water for animal drinking, per agricultural
subsector;
Use of drinking water (from the tap), per agricultural subsector, as well as for all other purposes (except
for irrigation);
Data available in consistent manner since 2003; and
Data obtained from and aligned with LEI-business information network (‘Bedrijven-Informatienet’,
BIN).
Origin of the data used for compilation of statistics:
The data in the economic accounts, the NA, are in large part collected by different groups within the Bureau of
Statistics Netherlands; for example, the micro data collected via the so-called production statistics. The statistical
business register (ABR) is also important as it is the backbone for connecting more than 1.5 million businesses
in the country with the several statistical datasets at the micro level that actually generate statistical output, like
the production statistics. To large extent, pre-existing data is collected from external registers, such as data
within ministries, other governmental bodies, for example from the tax authorities. All of this data is collected,
digitally stored and processed, and integrated into the Dutch NA. As a result, the required economic data in
terms of VA per detailed industry (according to ISIC) is readily available from the NAs, Regional Accounts, or else
within Statistics Netherlands.
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The main sources of data for compiling the statistics / accounts on water withdrawals are:
LEI: the Agriculture Economics Institute of Wageningen University (LEI) uses a sample of farm
enterprises from BIN (‘Bedrijven-Informatienet’) who produce figures and time series on the quantities of
groundwater and surface water withdrawals, the use of tap water, and irrigation water for the various
subsectors in agriculture and horticulture. BIN uses a limited sample survey of over 1,000 holdings in agriculture
and horticulture that is tracked intensively for several years in a row. The sample survey is in line with European
formats through the Farm Accountancy Data Network (FADN). The sample is drawn from the population of
agricultural holdings that are included in the agricultural census (see van der Meer, 2013a, 2013b, 2016).
Electronic annual environmental reports (e-AER; in Dutch: e-MJV): through the eAERs returned by companies, Statistics Netherlands gathers data about the withdrawal of
surface water and groundwater, as well as the use of tap water. That data is made
available from the key companies in the industrial sector. Statistics Netherlands
extrapolates the individual water data of this selection of companies to the total population
and to the populations per category of the International Standard Industrial Classification
(NACE or ISIC) by using the data per company and per ISIC class. Not all NACE classes in
manufacturing are sufficiently covered by the data from the e-AER. In those cases,
Statistics Netherlands makes estimates based on other sources, including old figures from
the National Water Survey on water use by industry (see National Water Survey on water
use by industry, NWS below).
VEWIN: VEWIN is the Association of Dutch Water Companies. VEWIN statistics are
a key source for the figures on the total withdrawals from groundwater and surface water
by the public water supply sector (ISIC 36) as well as total tap water supply, e.g. for
household use (see VEWIN 2011, 2010, 2015).
National Groundwater Register (‘Landelijk Grondwater Register’, LGR): the National Groundwater
Register contains data on:
All withdrawals for which registration or notification is obligatory;
All permits for withdrawing groundwater and/or infiltrating water;
Administrative data, including the purpose for which water is extracted;
Technical information, including water quantities abstracted; and
Geographical information.
The National Groundwater Register is still being developed.
For a more detailed methodological description and data sources used, see Statistics Netherlands (2016f)
(2016g).
Description of statistics and account compilation practice
Statistics Netherlands (CBS) produces the water statistics and physical water flow accounts on an annual basis.
This data represents the relevant part of the physical supply and use tables (PSUT) following international SEEA
standards. CBS also has data on freshwater balances, or in other words on the physical water asset accounts for
the country. This represents the freshwater flows (resources) that enter the country via rivers from neighboring
countries and via precipitation (P) at the Dutch territory and the water that leaves the country via
Evapotranspiration (ET) and discharge to the North Sea. Together, this data allows for the calculation of the
indicator that shows the water stress situation for the country via indicator 6.4.1: Water Stress (see also:
Statistics Netherlands, 2015c).
With the data compiled on an annual (or biennial basis), on physical water flows, this allows for comparison with
the economic data at the macro- and meso-scale levels (industry-level; see Annex-II). This data is produced
annually and quarterly in the standardized NAs. The Dutch NA applies the International statistical standard of
the System of National Accounts (SNA). For that purpose, CBS also uses the implementation guidance provided
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by Eurostat, the European statistical office in Luxembourg, via its European System of Accounts (ESA2010). These
are official, internationally agreed upon statistical standards to which the Netherlands wants to comply.
Together, indicator 6.4.2 on Water Productivity can be calculated or derived both at the macro- and at the mesolevel (see also: Statistics Netherlands, 2016e).
Computation of 6.4.1
The WUE indicator is computed as the sum of the three indicators for the different sectors discussed in the
calculation framework before. Therefore, they should be weighed according to the proportion of water
withdrawn by each sector over the total withdrawals from ground and surface water for the country. Moreover,
the indicators are about the change over time; thus, historical data for a substantial number of years is required
to assess the change of the indicator::
WUE = Awe x PA + Iwe x PI + Swe x Ps
Where:
WUE = Water Use Efficiency
Where:
WUE = Water use efficiency (USD/m3; either EUR/m3)
Awe = Irrigated agriculture water use efficiency (EUR/m3)
Iwe = Industrial water use efficiency (EUR/m3)
Swe = Services water use efficiency (EUR/m3)
PA = Proportion of water withdrawn by the agricultural sector over the total withdrawals
PI = Proportion of water withdrawn by the industry sector over the total withdrawals
PS = Proportion of water withdrawn by the service sector over the total withdrawals
For this calculation, these components of detailed data are needed:
Detailed economic data on production, intermediary use and VA, employment.
Detailed data on physical water abstractions (V) and water uses.
Additional date sources needed for calculation.
As explained these three datasets required are available at Statistics Netherlands.
Together, these three datasets allow for the calculation of the proposed WUE indicator.
Since the proposed indicator consists of three parts, the compilations needs for each of them is shown.
A.
Water use efficiency calculation in irrigated agriculture requires the agricultural VA per agricultural
water abstracted, expressed in EUR/m3::
Awe = ( GVAa * (1 - Cr) ) / Va
Where:
Awe
=
Irrigated agriculture water use efficiency [EUR/m3];
GVAa
=
Gross VA by agriculture (excluding river and marine fisheries and forestry) [EUR]  Taken
directly from NAs, available per subsector;
Cr
=
Proportion of agricultural GVA produced by rainfed agriculture  ratio Cr, Cr = 1 / ( 1 + (Aa / (
(1 - Ai) * 0.375 ) ) );Va
=
Volume of water abstracted by the agricultural sector (including irrigation,
livestock and aquaculture) [m3]  Per agricultural subsector and by type of water, either groundwater or surface
water;Ai =
Proportion of irrigated land on the total arable land, in decimals; and
0.375
=
Generic default ratio between rain fed and irrigated yields.  based upon area, can be derived
from available data on irrigated land (land irrigated at least once per season).
More detailed estimations are possible and encouraged at a country level (for example, by the
agricultural sector), such as dairy farming, arable farming, horticulture, etc.
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B.
Water efficiency calculation of industry (including power production) requires the industrial VA per
unit of industrial water withdrawn, expressed in EUR/m3:
Iwe = GVAi / Vi
Where:
Iwe
=
Industrial water use efficiency [EUR/m 3];
GVAi
=
Gross VA by industry (including energy) [EUR]  Taken directly from NAs, available per
detailed industry (ISIC - industry). Data is in constant prices (deflated) to the required baseline year (2015); and
Vi
=
Volume of water abstracted by the industries (including energy) [m 3]  this be provided per
‘industrial’ or per ‘manufacturing’ industry (ISIC) and by type of water, either groundwater or surface water.
Industrial water withdrawal (V) is collected at a country level through national records (as previously is
described) and reported in questionnaires, for example to Eurostat, OECD, UN, FAO, or EEA, in units of m3/year.
C.
Water supply efficiency calculation of the service sectors requires the service sector VA (ISIC 36-39 and
ISIC 45-99, excluding construction as it is part of ‘industry’ ) divided by water abstracted for distribution by the
water collection, treatment and supply industry (ISIC 36), expressed in EUR/m3:
Swe = GVAs / Vs
Where:
Swe
=
Services water use efficiency [EUR/m3];
GVAs
=
Gross VA by services [EUR]  Taken directly from NAs, available per services industry. Data is
in constant prices (deflated) to the required baseline year (2015).
Vs
=
Volume of water withdrawn by the service sector [m 3]  per group of ‘industrial’ or
‘manufacturing’ industry (ISIC) and by type of water, either groundwater or surface water.
Data on volumes of abstracted and distributed water are collected at a country level by the Dutch Association
of water supply companies (10*) in the Netherlands (VEWIN), and obtained by Statistics Netherlands. Data is in
units of m3 / year or million m3/year.
Once the three underlying indicators are calculated with the available statistics and accounts data accordingly,
we combine them applying the correct ratio of each.
The proportion of water abstracted or abstracted, distributed and used (in the case of the service sectors) can
be calculated by combining the abstraction by each of the three industry clusters, agriculture, industry and
services separately over the total abstractions for the country. This can be done by using the described data on
water volumes abstracted per industry. This can also be detailed by distinguishing groundwater from surface
water.
The finding is that the proposed WUE indicator can be calculated on an annual (or biennial basis). This is because
the underlying calculations can be executed completely and combined with the application of the correct shares
of the three before mentioned sectors in abstraction.
In addition, more detailed information can be derived from the available data, statistics, NAs and SEEA Water
Accounts. For example, indicators by detailed industry can be compiled. Statistics Netherlands collects the
required data on a regular basis and compiles the relevant tables both for the economics and environmental
and resource statistics accounts. The results are published in recurring annual publications, such as ‘National
Accounts of the Netherlands’ (CBS, 2012 – 2016), ‘Environmental Accounts of the Netherlands’ (CBS, 2010 –
2015), ‘Green growth of the Netherlands’ (CBS, 2011 – 2015), ‘The Dutch economy’, and monitor sustainability
of the Netherlands.
Potential for disaggregation of data
Disaggregation is possible in several dimensions:
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1.
The economic data in NA is available on an annual basis, on a quarterly basis, and in consistent time
series (after ESA 2010 revision);
2.
The economic data from NA monetary Supply and Use tables can get disaggregated to ISIC-industry
level for a total of 60 – 70 industries (publication levelshable);
3.
The same holds for the physical water data in the form of PSUT-Water, and disaggregated to 60 – 70
industries (publication level);
4.
For both the economic and physical water variables in the WUE, the equation can even be
disaggregated per industry, allowing for much more detailed WUE – computation by industry. Once combined,
WUE indicators for detailed each industry and water type can be compiled;
5.
Economic data in NAs can be disaggregated to either regional or provincial levels (12*), by COROP-area
or COROP-region (40*);
6.
Part of the water data can be disaggregated to the 7 (Sub-) river basins; and
7.
The current practice of updating part of the water data once every two years (due to budget limitations)
could potentially be increased and intensified to annual compilation practice again.
Results, some examples
The publication ‘Environmental Accounts of the Netherlands’ (see: Statistics Netherlands (CBS) (2013c & 2013b
and 2014c & 2015b) often includes the calculation of water intensity, which is the inverse of the calculated WAU
(or so-called ‘water productivity’). Water use intensity for an industry can be defined as the use or abstraction
of water in litres divided by its VA in euros, together resulting in a litre/Euro ratio. This can be done for each type
of water either groundwater or surface water abstraction and for tap or drinking water and by detailed ISIC
industry or for the drinking water intensity as supplied to each industry. The two figures show the results for the
reporting year 2012.
Water use intensity
From the data in the above-mentioned publications, one can see that water use intensities in the Netherlands
are on a downward trend. Whereas the size of the country’s economy in VA grew by 15 percent between 2003
and 2012, tap water use was reduced by almost 10 percent over the same period. Over this nine-year period,
the tap water use intensity of the production activities in the Dutch economy were reduced by 21 percent,
implying an average annual reduction of over 2.5 percent. Almost all industries reduced their tap water use
intensities for the 2003–2012 period (Statistics Netherlands (CBS) (2014c), Ch.3.1 Water use, Fig. 2.3.4).
Between 2003 and 2012, an average of 0.55 litres of tap water (drinking water) was used per euro of VA
generated by the Dutch economy (Figure III.1). In 2012, this was reduced to 0.50 litres per euro, significantly less
than the 0.63 litres in 2003. Livestock breeding, the manufacture of petroleum products, fuel coke, nuclear fuel
and other mining and quarrying showed the highest water use intensity rates, followed by the manufacture of
food products, beverages and tobacco, recreational and sporting activities, and recycling (excl. waste
processing). In 2012, the 16 industries with the highest water use intensity rates (Figure IV.1) used up to eight
times more water ‘to earn a euro’ than average for the Dutch economy.
Figure IV.1 Industries with the highest tap water use intensities, 2012
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Source: Statistics Netherlands (CBS) (2014c), Ch.3.1 Water use, fig 2.3.4;
Groundwater intensity
Groundwater in the Netherlands is predominantly abstracted and used by the water supply industry, which
dominates the groundwater abstraction in all river basins. This water is, however, largely be distributed to the
other industries and households. Therefore, the water supply industry is excluded from the overview in figure
III.2.
Figure IV.2 shows groundwater intensity across a selection of industries with higher groundwater intensities
(and therefore lower water productivities) over two reporting years. On average, between 2003 and 2012, two
litres of groundwater were abstracted for every euro of VA generated by the Dutch economy. In 2012, this was
only 1.63 litres per euro, which is substantially less than the 2.32 litres in 2003 15. In 2012, livestock breeding and
manufacturing of basic metals, followed by the manufacturing of paper and paper products, food products,
beverages, tobacco products, and other agriculture showed the highest groundwater use intensity rates. The
industries with the highest use intensity rates used up to over ten times more water to earn one euro of VA
compared to the average calculated for the Dutch economy overall in 2012.
Figure IV.2 Industries with the highest use intensities for groundwater, 2012*

15

Value Added in calculation for the two years was expressed in 2010 constant prices.
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Source: Statistics Netherlands (CBS) (2013b, 3.1 Water use & 2014c, Ch.3.1 Water use & 2015b, Ch.2.9
Groundwater abstraction; Statistics Netherlands (CBS) (2016c; Data from: Statistics Netherlands (CBS) (2016d),
with some processing.
* This graph shows groundwater use intensities, which are opposite to groundwater productivity.
In analysing longer time series data for water intensities, it can be seen that the size of the economy in terms of
VA has more than doubled since 1976, while tap water use and water abstractions from the environment have
hardly grown and even contracted. As a result, the water intensity of the Dutch economy has been halved for
tap water use and groundwater abstractions and close to halved for surface water abstractions. Generally, each
subsequent year, economic performance improved while the water use and abstraction from water resources
diminished or remained constant (Statistics Netherlands (CBS) (2013b, §3.1 Water use).
Table IV.1 provides an example of the data for two reporting years that can be used for the calculation of the
Total Renewable Water Resources (TRWR) in indicator 6.4.2. Data from 2009 have already been published
(Graveland & Baas, 2012); data from 2014 will be published in Q1 of 2017. Table IV.2 gives an example of
available data on total water withdrawal for the years 2008, 2010 and 2012. Figure IV.3 shows a time series of
the total freshwater withdrawals with a distinction between withdrawals of groundwater and surface water.
Table IV.1 Available data on Total Renewable Water Resources
2009

20142)

28,294

31,644

17,022

20,005

Internal flow = P – Act ET

11,273

11,638

Surface water

67,962

70,644

Groundwater

N/A

N/A

79,235

82,282

Component (unit: M m3)
Internal Renewable Water Res. (IRWR)

Precipitation (P) 1)
Actual ET (Act ET)

External Renewable Water Res. (ERWR)
3)

Total Renewable Water Res. (TRWR)

1)

1) Source: eLEAF (see also paragraph 4.3).
2) Preliminary data.
3) Not taking into account the external flows of groundwater.

Table IV.2 Freshwater withdrawal per main economic sector (Statistics Netherlands, 2016)
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Million m3

2008

2010

2012

Withdrawal of fresh surface water, total

9,430

9,926.7

9,783.8

21.0

26.3

6.4

Mining, manufacturing industry (ISIC 06-33)

2,762.4

2,741.1

2,836.3

Energy sector (ISIC 35)

5,724.3

6,136.0

5,956.8

Water companies (ISIC 36)

489.8

456.3

463.7

Environmental services (ISIC 37-38)

432.3

566.9

520.6

0

0

0

1,075.4

1,066.1

999.5

51.2

97.4

54.3

168.3

130.9

126.7

1.7

5.1

4.9

762.2

760.8

753.6

1.4

2.2

1.3

90.7

70.0

58.8

10,505.4

10,992.8

10,783.3

72.2

123.7

60.7

Mining, manufacturing industry (ISIC 06-33)

2,930.7

2,872.0

2,963.0

Energy sector (ISIC 35)

5,726.0

6,141.1

5,961.7

Water companies (ISIC 36)

1,252.0

1,217.1

1,217.3

433.7

569.1

521.9

90.7

70.0

58.8

of which by
Agriculture (ISIC 01-03)

Other sectors (ISIC 41-97)
Withdrawal of fresh groundwater, total
of which by
Agriculture (ISIC 01-03)
Mining, Manufacturing industry (ISIC 06-33)
Energy sector (ISIC 35)
Water companies (ISIC 36)
Environmental Services (ISIC 37-38)
Other sectors (ISIC 41-97)
Total freshwater withdrawal TWW
of which by
Agriculture (ISIC 01-03)

Environmental services (ISIC 37-38)
Other sectors (ISIC 41-97)

Figure IV.3: Withdrawals of freshwater, 2008-2012 (CBS, several reports)
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Sources: Statistics Netherlands, 2016c; 2016d; 2014b; 2014c).
Potential for disaggregation of data for indicator 6.4.2
Table IV.3 provides an overview of the available years for the four components of the indicator, as well as the
spatial and temporal disaggregation possibilities of currently available data for future datasets.
Table IV.3 Spatial and temporal disaggregation of data from Statistics Netherlands
Component
Dataset
Spatial disaggregation
Temporal disaggregation
1)
Precipitation (P)
2009, 2014
Grid 250 m x 250 m
Monthly
Future years

Grid 250 m x 250 m

At least monthly

2009, 2014

Grid 250 m x 250 m

Monthly

Future years

Grid 250 m x 250 m

At least monthly

External inflow

2009; 2014

River Basin, gauging station

Daily stream flow

Total Withdrawal

2001-2014

River Basin

Yearly

Environmental flow

No statistics

-

-

Actual ET (Act ET) 1)

1) Available via eLEAF (see also paragraph 4.3)
The spatial GIS-based data will facilitate the aggregation to each administrative unit or water policy-relevant
area, such as a river basin.
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Addition to memo: Remote sensing based data for SDG 6.4
Calculating AET
AET is driven by the available solar energy, weather conditions (air temperature, humidity and wind speed), and
the moisture content in the soil. Over the past decades, several algorithms have been developed to calculate
the ET with remote sensing data. These algorithms use the surface energy balance, which is based on the
principle that the incoming radiation, if not reflected, heats the ground, the air, or is used for ET. Figure IV.1
shows a schematic diagram of the surface energy balance, with the arrows indicating the different energy fluxes.
Remote sensing data is used to solve the energy balance. The algorithms behind these calculations are not
explained here; additional information on SEBAL and ETLook can be found in Bastiaanssen et al. (1998, 2012).
SDG 6.4.1: AET to irrigation water use
The basic AET data based on remote sensing consists of raster maps that depict the amount of ET in mm for each
pixel. The raster maps represent a specific period, which generally varies from daily to yearly. In the latter case,
the data has been aggregated from smaller time units, as yearly average values cannot be used to calculate AET.
The best results are obtained when calculation
takes place on a daily basis.
AET has to be converted to match the
reporting format of SDG 6.4.2. This requires a
number of steps:
Agricultural land selection: Satellite remote
sensing-based data is generated for the whole
area under observation, including forests,
urban areas, etc. All non-agricultural land has
to be excluded from the dataset. Land cover
maps can be used to identify the agricultural
areas within a country. Other sources can also
be used to identify the agricultural area, such
as cadastral data on field boundaries. For the
Netherlands, ‘Basisregistratie Gewassen’
contains the exact field boundaries, as well as
annually updated information on the crops
grown in the field. When crop type information
is available, water use efficiency can also be
disaggregated to the crop level.
Temporal aggregation: AET is only relevant
during the growing season when considering
Figure V.1: Energy balance over a desert area and an irrigated field.
crop water use. Therefore, the start and end of
the season have to be identified. This data is
often available at the national level, based on long year-average crop phenology. Some global datasets are also
available, based on satellite data. These have the advantage of a better incorporation of annual variability, but
often have information on a limited number of crops.
Irrigation withdrawal conversion: SDG 6.4.2 focuses on irrigated water use. This cannot be derived directly with
satellite data, as the source of the water (rainfall or irrigation) cannot be distinguished. Some methods exist to
estimate this with AET and P data. In areas where irrigation is the main source of water supply, these methods
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work well. Where rainfall is the dominant water source, additional field information may be required to get a
good estimate. The latter can also come from modelled data, as described in Chapter 2.4.
Furthermore, SDG 6.4.2 focuses on water withdrawal, not on water consumption by the agricultural sector. AET
is comparable to the crop water consumption; hence, a correction with the irrigation efficiency is required to
get the irrigation water withdrawal.
Spatial aggregation: The raster data is aggregated to the required administrative unit, such as country level.
Obviously, much spatial information on water use is lost when aggregating to country level. Although not
required for SDG reporting, countries may want to use the higher level of spatial detail for their own targeted
actions to improve water use efficiency.
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Addition to memo: 1 Model based data for SDG 6.4 (NHI)
General
Related to the summary given in the main text of paragraph 4.4, this annex contains the extended description
of the NHI model and the available components and parameters needed for compiling the indicators.
Brief description of NHI
The Netherlands Hydrological Instrument (NHI) is built with the best available data and top-of-the-line software,
and developed through collaboration between water management and engineering companies and national
research institutes. The NHI is currently applicable on national and regional levels and different temporal scales;
it contains a number of coupled model concepts and software related to:
1. The saturated zone (groundwater),;
2. The unsaturated zone;
3. Regional surface water; and
4. National surface water.
Refer to Figure V-1 for a schematic overview. The national application of NHI is mainly targeting water movement
under average and dry circumstances and is used for policy analysis (e.g. the national Delta Programme),
different research topics on water management, as well as real-time drought monitoring. In addition, the NHI
also aims at regional applications with a focus on a regional analysis of ground and surface water systems, for
example in looking at water stress and water safety (De Lange, et al., 2014).

Figure VI-I: Schematic overview - the water domains covered by the hydrological models in NHI
NHI calculates the daily water withdrawal based on water demand and water availability. Water withdrawals
are divided into surface water, unsaturated and saturated groundwater, and are interactively calculated by the
different NHI components. A subdivision is made between withdrawal for agricultural purposes and industrial
and services supply extractions. The water demand for irrigation can be specified in time and space, and
distinguished between groundwater and surface water and will be explained in more detail. This is visualized in
Figure V-2. The proportion of rain-fed agriculture for the Netherlands can be calculated with this map as well.
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The total arable area with irrigation is determined from the “landbouwtellingen”, and by estimating it is known
how much of the total area is irrigated with surface water (50%) and by groundwater-fed irrigation (50%).
Additionally, for larger regions, the total amount of irrigational area (in ha) is known per land use type. Rules of
thumb (considering, among others, the specific soil characteristic parameters and drainage characteristics) are
used to provide detailed model input for irrigation per 250 m cell (Massop et al., 2012). The model calculates
the irrigation needed depending on the available moisture storage in the root zone. An example of the total
yearly irrigation flux for both groundwater and surface water-fed irrigation calculated with the NHI model is
shown in Figure V-3.
The total water demand of the industrial sector and the water supply for households is available in the NHI as
point measurements at specific locations. With the modelling approach, abstraction effects can be analyzed and
visualized spatially. For industry, only large extractions are included, but in case of drinking water extractions all
known withdrawal locations and amounts are included. Extraction rates are given in m 3/day and serve as input
data for NHI. The total extraction (or infiltration) rates per day are based upon the most recent information
(Leunk et al., 2012) and the total permitted amount per year; if needed, these are divided over several soil layers
and model cells (distributed spatially). Yearly variations of the extracted discharges are not taken into account.
The total national well flux for a specific modelled time period is available as an output variable in the calculated
water balances. Related economic effect models to calculate the gross VA by the industrial and services supply
sectors at a national scale are not yet available to be coupled to the NHI.
Besides water demand for agriculture, industries and public supply, other water demands can be also analysed,
such as the water demand in natural areas. With the NHI, water demand and water stress for vulnerable and
non-vulnerable natural areas are calculated for decision-making regarding water supply during dry periods (see
Figure V-4). Water management of the vulnerable natural areas receives in practice as well as in the model
higher priority. The use of this kind of model information may complete the monitoring of the efficiency of water
use.
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Figure VI-1: Potential irrigation locations in the Netherlands from groundwater (red), from surface water
(blue) and without irrigation (white), on a 250 m horizontal resolution grid to provide input for NHI.
a.
b.

Figure VI.2: MetaSWAP yearly irrigation flux (m3/m2) calculated for the year of 2010 from groundwater
(a) and from surface water (b)

Figure VI-4 Overview of the Dutch nature areas split by vulnerable nature areas (red) and non-vulnerable
nature areas (green) to calculate water demand for vulnerable natural areas
Table VI-1 overview of the data availability in the NHI model per component of the 6.4.1
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Parameter

Sub-parameter

𝐴𝑤𝑒

𝐶𝑟

𝐺𝑉𝐴𝑎

𝑉𝑎

𝐼𝑤𝑒

𝑆𝑤𝑒

𝐺𝑉𝐴𝑖
𝑉𝑖

𝐺𝑉𝐴𝑠
𝑉𝑠

Related NHI parameter(s)
description
Irrigation maps:

Total arable land + land use
map

Irrigated arable land
Nearly 20% of agricultural area is
irrigated
Available through the Agricom
coupling

Flux grids with volume per area
(m3/m2):

ground water extraction
(qspgw)

sprinkling precipitation P
(from groundwater: Psgw)

sprinkling precipitation P
(from surface water: Pssw)
Total area of agricultural sector is
367105 ha
Not available
Well fluxes in m3/day (combined
with drinking water supply
extractions)

Not available
Well fluxes in m3/day (combined
with industrial extractions)

Resolution
MetaSWAP output:
Spatial: 250x250 m
Temporal: daily

Agricom output
Spatial: 250x250 m
Temporal: yearly
and 10 day
timesteps
MetaSWAP,
MODFLOW, and
MOZART output
Spatial: 250x250 m
Temporal: daily

MODFLOW output
(groundwater) and
MOZART/DM
output (surface
water)
Spatial: point
measurements and
grid based
(250x250 m)
Temporal: daily and
yearly
MODFLOW output
(groundwater) and
MOZART/DM
output (surface
water)
Spatial: point
measurements and
grid based
(250x250 m)
Temporal: daily and
yearly
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Table V-2 overview of the data availability in the NHI model per component of the 6.4.2, in addition to Indicator
6.4.1
Parameter
Sub-parameter
Related NHI parameter(s) description
NHI model concept
3
River fluxes in m /day
DM/Mozart output
𝑇𝑅𝑊𝑅
𝐼𝑅𝑊𝑅
Spatial: point
measurements
Temporal: daily or 10
day time step
Recharge fluxes in m3/m2:

precipitation flux (Pm)

evaporation fluxes (Esp, Eic, Epd,
Ebs)
𝐸𝑅𝑊𝑅

Transboundary fluxes

River discharges at country borders (m3/s)

𝐴𝑊𝑊

𝑊𝑊 Irrigation

Flux grids with volume per area (m3/m2):

ground water extraction

𝐼𝑊𝑊

𝑊𝑊 Livestock
𝑊𝑊 𝐴𝑞𝑢𝑎𝑐𝑢𝑙𝑡𝑢𝑟𝑒
-

Not available
Not available
Well fluxes in m3/day (combined with
drinking water supply extractions)

𝑀𝑊𝑊

-

Well fluxes in m3/day (combined with
industrial extractions)

MetaSWAPMODFLOW output
grid based (250x250
m)
Temporal: daily
MODFLOW output
grid based (250x250
m)
Temporal: daily
DM/Mozart input
Spatial: point
measurements
Temporal: daily or 10
day time step
MetaSWAP output
grid based (250x250
m)
Temporal: daily

MODFLOW input
grid based (250x250
m)
Temporal: monthly
And DM input
Spatial: districts
Temporal: yearly
MODFLOW input
grid based (250x250
m)
Temporal: monthly
And DM input
Spatial: districts
Temporal: yearly
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Addition to memo: VI-2 Model based data for SDG 6.4 (PCR-GLOBWB)
General
Related to the summary given in the main text of paragraph 4.4, this annex contains the extended description
of the global model PCR-GLOBWB and the available components and parameters needed for compiling the
indicators.
Brief description of PCR-GLOBWB
PCR-GLOBWB is a calibrated and validated hydrological model intended for global to regional studies. This model
has been developed at the Department of Physical Geography of Utrecht University (the Netherlands) and has
been applied in several studies regarding global and regional water assessments. PCR-GLOBWB has also been
coupled to water quality models, groundwater models, and water distribution models. PCR-GLOBWB is
constantly being reassessed through the different applications in several projects.
PCR-GLOBWB is a grid-based model with a cell size of 5 by 5 arcminutes (approximately 10km at the Equator)
that represents terrestrial hydrology on a daily basis. It calculates a daily water balance between buckets
representing different parts of the hydrological system. The model runs for the period of 1970 to 2010, and is
currently being extended to cover more recent years.
The calculations are done on a cell-by-cell basis. For each grid cell, PCR-GLOBWB uses process-based equations
to compute moisture storage in two vertically stacked soil layers. It also computes the water exchange between
the soil and the atmosphere and the underlying groundwater reservoir. Exchange to the atmosphere is
comprised of precipitation, evapotranspiration, snow accumulation and melt, all of which are modified by the
presence of the canopy and snow cover. The exchange with the underlying groundwater reservoir comprises
deep percolation, capillary rise, and vertical fluxes. All fluxes in PCR-GLOBWB are shown in Figure V-5.

Figure VI-3 Schematisation of PCR-GLOBWB (Wada et al., 2013)
Water availability and water demand calculation is integrated to dynamically simulate water use at a daily time
step and to account for the interactions between human water use and terrestrial water fluxes. The main goal
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of this integrated modelling framework is to estimate actual water use (i.e., withdrawal and consumption) rather
than potential water demand (independent of available water).
Water withdrawal at a global level
PCR-GLOBWB calculates the daily water withdrawal based on water demand and water availability. Water
withdrawal is divided into surface water and groundwater by means of an allocation scheme that assesses the
available water in both systems. It is also divided into withdrawal for irrigation, livestock, industry and domestic
use. The data has a cell size of 5 by 5 arcminutes and is available at daily time steps for the period 1970-2010.
This allows for several temporal and spatial aggregations.
The separation between groundwater and surface water withdrawals is calculated based on surface water
availability, including local and upstream reservoirs and available groundwater reserves. The amount of
groundwater extracted is calculated as a fraction of the total water demand. The fraction used is the simulated
daily baseflow against the long-term average river discharge. This fraction is considered the readily available
amount of renewable groundwater reserves for a given day.
The irrigation water withdrawal is calculated based on an irrigation scheme dynamically linked with the daily
available surface and soil water. The link between irrigation, surface water and soil balance changes the amount
of soil moisture and therefore also the irrigation requirements. In this way, the daily state of the soil moisture
can be better estimated and the evaporation and crop transpiration of irrigated areas as well. Moreover, the
model separates paddy and non-paddy crops. The paddy crops are schematized as crops irrigated with flooding,
while the non-paddy have other types of irrigation. A crop-specific calendar and the growing seasons are used
to calculate the crop per cell, and crop coefficients per crop development stage are assigned to them. Irrigation
applied is such to ensure an optimal crop growth. The irrigation scheme also includes dams and reservoir
information. For a complete description of the irrigation water withdrawal, we refer to Wada et al., 2014.
Industrial water demand is also an input for PCR-GLOBWB. The calculation is based on gridded industrial demand
for the year 2000 obtained from Shiklomanov (1997), WRI (1998), and Vörösmarty et al. (2005). Industrial water
demand is constant over the year as seasonal data is not globally available. In order to extrapolate the industrial
water demand to the other years, the water demand for the year 2000 was multiplied by water use intensities
calculated based on country-specific economic development. The development is based on gross domestic
product, electricity production, energy consumption and household consumption. The algorithm used to
estimate the development can be found in Wada et al. (2011a).
Livestock: livestock water withdrawals are an input for the model and are calculated based on livestock water
demand. In the model, the number of livestock in a cell is multiplied by the corresponding daily drinking water
requirement, which is a function of daily air temperature (Wada et al., 2011b). The data on livestock density is
obtained from FAOSTAT (FAOSTAT; http://faostat.fao.org/) and downscaled to each cell size using the FAO
(2007) data for the year 2000.
Note that withdrawals for the aquaculture sector are not considered in PCR-GLOBWB.
Water withdrawal for the households are considered in PRC-GLOBWB, not the entire services sector. Population
density per cell multiplied by the domestic water withdrawal was used to estimate the water withdrawal per
cell. This dataset is also an input for PCR-GLOBWB. Daily water demand was estimated using air temperature
data. Per capita water withdrawals per country for the year 2000 were obtained from the FAO AQUASTAT
database. To extrapolate the data for the other years, water use intensity based on economic and technological
development was used (same as for the industrial water demand). The global population maps per decade from
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Klein Goldewijk and van Drecht (2006) were used to downscale the FAOSTAT yearly population data to create
gridded maps for each year.
Table V-III gives an overview of the data availability in the PCR-GLOBWB model per component of the 6.4.1
indicator.
In addition to the data mentioned for indicator 6.4.1, PCR-GLOBWB provides, on a global scale, the following
information for total renewable freshwater resources:

Total runoff calculated per cell; this includes direct runoff, interflow, base flow and groundwater
recharge (internal);

Sum of the river discharges at country borders (related cells); and

Transboundary flow
Transboundary flow is calculated by a combination of PCR-GLOBWB and the global MODFLOW model (De Graaf
et al, 2015). The global-scale groundwater model was built using the USGS code MODFLOW. It is a 3D
groundwater numerical model with a cell size of 5 by 5 arcminutes, just like PCR-GLOBWB. The model consists
of 2 model layers simulating a top layer, often partly impermeable or otherwise simulating a shallow aquifer,
and a deep layer, simulating a deep aquifer. The model is available for the period 1960-2010 with monthly time
steps. This groundwater model has been dynamically coupled with PCR-GLOBWB, meaning that there is an
exchange of information between them. Specifically, PCR-GLOBWB produces groundwater recharge data,
surface water levels, and information on groundwater abstractions. With this input and other information, the
groundwater model calculates groundwater heads and a groundwater balance. The heads are sent back to PCRGLOBWB to be used in the soil-water balance to calculate the groundwater recharge. A full description of the
model can be found in de Graaf et al., 2015. To determine the transboundary flow, the cells following the country
borders should be selected, the direction of the flow determined, and the flow added up (calculated).
Examples of calculations with the global models are shown in Figure V-6 – V-12 .
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Table VI-III: overview of indicator components available in the PCR-GLOBWB model
Parameter
Sub-parameter
Related PCR-GLOBWB parameter(s)
description
Maps of global irrigated areas
𝐴𝑤𝑒
𝐶𝑟
𝐺𝑉𝐴𝑎
𝑉𝑎

𝐼𝑤𝑒

𝐺𝑉𝐴𝑖

𝑉𝑖

𝑆𝑤𝑒

𝐺𝑉𝐴𝑠

𝑉𝑠

Not available
Grid based maps are available.
Irrigation water withdrawal (mm)
calculation:

paddy (flood irrigation) and nonpaddy crops (other irrigation types)

crop per cell (crop-specific calendar
+ growing season)

crop coefficients per development
stage
Livestock water withdrawal:

model input grids

calculated based on livestock water
demand:
o
daily drinking water need
o
livestock density: FOASTAT
Aquaculture: Not available
Indirectly available via country-specific
economic development estimation, based
on:

gross domestic product

electricity production

energy consumption

household consumption
Industrial water demand:

model input grids

total water demand 2000

year constant value

water use intensities
Indirectly available via country-specific
economic development estimation, based
on:

gross domestic product

electricity production

energy consumption

household consumption
Water withdrawal per cell:

population density

domestic water withdrawal

FAO AQUASTAT database

Resolution
Spatial: 5’x5’
Temporal: yearly
Spatial: 5’x5’
Temporal: daily

Spatial: 5’x5’
Temporal: yearly

Spatial: 5’x5’
Temporal: daily

Spatial: 5’x5’
Temporal: yearly

Spatial: 5’x5’
Temporal: daily
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Figure VI-6 Total irrigation water demand for the year 2010 as calculated by PCR-GLOBWB

Figure VI-7 Example of a time series extracted from PCR-GLOBWB with monthly irrigation water demand for
a random point in the northwest of Bangladesh. The data is presented in metres/month
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Figure VI-8 Total livestock water demand for the year 2010 as calculated to use as input in PCR-GLOBWB

Figure VI-9 Total industry water demand for the year 2010 as calculated to be used as input for PCRGLOBWB
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Figure VI-11 Total domestic water demand for the year 2010 as calculated to be used as input for PCRGLOBWB
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Figure VI-12 Detail for the 6 proof-of-concept countries of the water demand for domestic use averaged for
the year 2010. Note: the legend is different per country and it is given in mm. In order to convert it to m 3,
it needs to be multiplied by the area of the cell. The cell area is 5 by 5 arcminutes; the equivalent in metres
is different per country depending on its latitude.
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Addition to memo: Water Accounting +
Water Accounting + & ladder approach
This Annex provides information about the on-going work in the WA+ group at UNESCO-IHE, and the
contribution the WA+ approach can give to the ladder approach of the SDG monitoring. It specifically discusses
contributions to SDG target 6.4 which aims at ‘ensuring sustainable withdrawals and supply of freshwater to
address water scarcity’. It also contributes to SDG 6.6 aiming at ‘protecting and restoring water-related
ecosystems’.
Method description
Water Accounting Plus (WA+) is a newly developed reporting system on the total water resources conditions in
river basins. The UNESCO Chair for Global Water Accounting is supported by DGIS. Partners for Water Accounting
are FAO, CGIAR, UNESCO-IHE, UN Water. WA+ is meant to facilitate the longer-term planning of land use and
water use practices and the benefits and services water consumption has for society. WA+ emerged from the
need to have a rapid assessment for ungauged river basins. Global water scarcity analysis can be prepared only
if an open access and standard approach on water flows and stocks exists. Then it can be brought under the
attention of policy makers and NGO’s. WA+ reports with sheets, tables, and maps and is largely based on earth
observations and global hydrological models. If untapped data is available through ground measurements (i.e.
higher up the ‘ladder’) results can be more refined.
Data products
The sheets include thematic information on: resource base, beneficial and non-beneficial consumptive use,
agricultural services, utilized flow, surface water flow, groundwater, ecosystems services (which is most relevant
for SDG 6.6), and sustainability indicators. The sheet on utilized flow describes withdrawals, return flows and
committed water flows (to environment and other sources). The sheet on sustainability can give insight in a
trend of groundwater over abstraction or exploitation of surface water.

Show case:
Water withdrawals in the Near-East
Spatial datasets of precipitation (rainfall) and
evapotranspiration (ET) are generated through
remote sensing. This shows spatially which
areas use more water than rainfall (negative PET coloured in red). If a trend of several years
show the same pattern, it can indicate a
potentially unsustainable situation for surface
and groundwater resources.

Figure VII.1 Water withdrawals

113

Crop Water Productivity at Different Spatial Aggregation Levels
This Annex provides information about the on-going work in the WA+ group at UNESCO-IHE, and the
contribution their methodology can give to the ladder approach of the SDG monitoring. It specifically discusses
contributions to SDG target 6.4 which aims at ‘substantially increasing water use efficiency across all sectors’.
Progressive monitoring – providing the baseline
The idea of the ladder approach is that a baseline can be established for monitoring the agricultural water
management conditions for each country. Two aspects are of importance for the baseline methodology. Firstly,
monitoring should be possible independent of the country’s economic situation, data availability, or political
issues. Secondly, the baseline should provide trustworthy, accurate, and objective results. Remote sensing data
provides an ideal dataset to fulfil both requirements for a baseline. It is objective, globally available, oftentimes
for free, and provided at regular intervals.
Method description
Following international standards laid down by CGIAR, certain UN organisations, and the Water for Food
Institute, crop water productivity is defined as:
CWP = biomass or crop yield [kg] / volume water consumed [m3]
Consumed water describes the amount of water involved to produce a certain crop, which is no longer available
to downstream users in the river basin context. Both components (biomass and water consumed) can be
computed from advanced remote sensing algorithms. Soon the FAO will provide water productivity data at
different spatial scales, starting at the African continent at 250m resolution. UNESCO-IHE has developed
pySEBAL (automated in Python coding language) to compute crop water productivity for all other cases not
spatially covered by the standard FAO database at the proper spatial resolution.
Water Productivity Score
The SDG 6.4 specifically aims at
water use efficiency, however
the target values for each country or
challenge. Also a standard reporting
crops grown under different climatic
not self-evident. Our suggestion is to
Water Productivity Score (WPS),
scores relative to the range of water
values in given agro-ecological zones
production potentials. WPS is jointly
between UNESCO-IHE and FAO and
policy makers to set targets and
them.

increasing
determining
region is a
for different
regimes is
use
the
which gives
productivity
and
developed
can
help
monitor

Show case: Wheat WPS in
the Mediterranean
The spatial distribution of WPS
across the Mediterranean,
indicates which areas perform
relatively poorly. It also indicates
that within a country there are
areas with an excellent WPS,
and other areas with poor WPS.
Using this spatial information is
more useful for managers, than
using a country average,
because areas for potential
increase can be better
identified.

Figure

VII.1

Wheat WPS in Mediterranean
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Water Footprint as alternative?
The Water Footprint Network noted that the Water Footprint is a possible alternative to the Water
Stress indicator. The Water Footprint measures only what is removed from the water cycle and not
returned, thus fossil water etc. do not become issues. However it was pointed out that withdrawal is
already fixed wording in the Target, making it impossible to introduce the water footprint in the
indicator.
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Data sets for water supply using the integrated global hydrology and water resources
model PCR-GLOBWB. PCR-GLOBWB
Utrecht University – Earth Surface Hydrology group
Marc F.P. Bierkens
www.earthsurfacehydrology.nl www.globalhydrology.nl
Our tool: We create datasets of water supply (soil water, groundwater, water in lakes, rivers,
reservoirs and snow) and water demand (agriculture, domestic industrial) using the integrated global
hydrology and water resources model PCR-GLOBWB. PCR-GLOBWB (Van Beek et al., 2011; Wada et
al., 2014) simulates these stores (and the associated fluxes – runoff, discharge, evaporation,
groundwater recharge) at daily time step over the period 1900-2100, using climate scenarios for the
period 2010-2100.
We have
At 0.5 degree (50 km) spatial resolution and monthly time step:
 Water supply, water demand, water abstraction and water consumption for the period 19602010 (Wada et al., 2011)
 Water supply, water demand, water abstraction and water consumption for the period 20102200 using SSP2 and 4 RCPs with 5 GCMs (all in the ISI-MIP Archive) (Wada and Bierkens, 2012)
 From these Water Stress – demand over supply can be calculated.
 Water temperature data: 1960-2010 (Van Beek et al., 2012)
 Groundwater depletion 1960-2010 (Wada et al., 2010) and 2010-2100 for a limited number of
scenarios and GCM forcings (Wada et al., 2012)
 Groundwater footprint at large aquifer scale year 2000 (Gleeson et al., 2012)
At 0.5 degree, country, sub-basin and county-resolution and varying time step:
 Flood risk for varying levels of protection (return periods) (Winsemius et al., 2015: global flood
analyzer)
 The Blue-water scarcity Index (percentage of water consumption either from non-renewable
groundwater or from surface water below the environmental flow limit) for the period 19602010 and 2069-2099 (RCP 6.0; 5 GCMs from ISI-MIP archive).
At 5 arcminutes (10 km) spatial resolution and monthly time step:
 Steady state groundwater depth (De Graaf et al., 2015)
 Transient groundwater depth and groundwater depletion and groundwater table decline 19602010 (De Graaf et al. in prep). Also calculated for the Aqueduct Water Risk Atlas (Wada et al., in
prep).
 Water supply and water demand (plus abstraction and consumption and water stress) 19602014 to be used in the updated Aqueduct Atlas (Wada et al, in prep).
Additional data in other repositories: ISI-MIP fast track data repository, the EU GLOWASIS portal and
the EU Earth2Observe portal.
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6.5.1
Indicator monitoring methodology
being reviewed:

6.5.1- Integrated water resources management

Government bodies / other
institutions involved in the testing:

Ministry of Infrastructure and the Environment, UNESCOIHE, Rijkswaterstaat, Union of Waterboards, private sector
consultant

Contact persons

Jentse Hoekstra - Jentse.hoekstra@minienm.nl

Data collecting agency

Ronald van Dokkum, ronald.van.dokkum@rws.nl
Rijkswaterstaat (Ronald van Dokkum)
Data provided to Statistics Netherlands (CBS)
Cor Graveland c.graveland@cbs.nl
Kees Baas – k.baas@cbs.nl

1. What were the technical steps taken in testing the monitoring methodology of the indicator?
The Ministry of Infrastructure and the Environment has taken the coordination of inviting experts
to be part of the group discussion proposed in the methodology. We have identified experts
having extensive insight in the Dutch water sector.
As the Netherlands is a small country, and the experts working on water governance are very well
connected, a danger lies in receiving a one-sided view of the Dutch water sector. It was discussed
to invite a larger group of experts
2. Which institutional arrangements were made for testing the monitoring methodologies, and for
coordination across government bodies, including the national statistics office?
Water governance is an important topic in the Netherlands. Infrastructure and networks are in
place to derive information on water governance and IWRM.
In 2014, the OECD report ‘Water Governance in the Netherlands: Fit for the Future?’16 was
published. For this research, initiated by the Ministry of Infrastructure and the Environment and
the Union of Waterboards and funded by the Dutch government, extensive research was done
after the extent of which the Dutch water sector is able to face future challenges. In supporting
external (international) experts in their research, networks to assess water governance from the
national to local level were strengthened. The information requested in the methodology was
easily accessible.
Experts involved in coordinating the OECD research were invited to provide feedback on the
methodology and to be part of the focus group discussion as proposed in the methodology.
These were representatives of the Ministry of Infrastructure and the Environment, UNESCO-IHE,
Rijkswaterstaat, Union of Waterboards, and a private sector consultant. Statistics Netherlands
will receive the data from the Ministry of Infrastructure and the Environment for delivery to the
UN.
16

https://www.rijksoverheid.nl/documenten/rapporten/2014/03/17/oecd-studies-on-water-water-governance-in-thenetherlands-fit-for-the-future
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3. Which resources and capacity were required?
Long experience of working in the Netherlands on water governance. Lead experts were
identified who work on water governance and IWRM in the Netherlands and abroad. All of them
have been involved in the preparations for the OECD report.
The Ministry of Infrastructure and the Environment will invite experts working on the national
and local level to join a focus group discussion as proposed in the questionnaire.
4. What feedback do you have on the following, as experienced during testing and/or foreseen
during future implementation:
a. the methodology
The questions can be answered relatively quickly. They are straightforward.
To ensure that the information is indeed correct is challenging. Is it feasible to think of
control questions?
It should be clear that countries can provide additional information to questions –
qualitative information might be more useful than numbers.
Public participation should be included more (based on Dublin principles), as well as
culture and communication
-

Do you find the reasoning behind the four key components of IWRM sufficiently clear?
The four components (Enabling Environment, institutions, management instruments,
financing)) used in the method are part of IWRM, but can cause confusion. It was proposed
to use the Three Layer Model (content layer, an institutional layer and a relational layer), or
likewise frameworks to define the components of the methodology. You can find more
information and a proposal on how to use it in the annex to this chapter.

-

Do you think any questions would be redundant or not relevant for most countries? If so,
which ones?
Referring to Q2D: In the Netherlands, we score 0 on this question, but we do not see this as
a bad thing. There are many assumptions behind this question- (much PPP is good, which is
old fashioned and a market oriented approach). We propose to omit this question.

-

Are there any specific aspects of IWRM which you think are missing or not dealt with
adequately (bearing in mind that the questions should be applicable to all countries,
should avoid overlap, and be limited in number)?
It is advised to reflect on whether to focus on laws (and regulations?) or plans, and how this
affects the information you receive.
Referring to Q1.2 A: It is advised to include regional water resources law(s) as well (also non
federal), based on IWRM
Referring Q2: we advise to include a the development of IWRM plans as well in this question
(or add another question focusing on institutions leading the development of IWRM plans)
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Referring to Q4.1.A: We advise to ask for quantity, for instance: =Which % GDP (from
national and other levels – as our national government is not the one spending money on
water, it is the regional governments) is spent on water management including WASH 0 1 % or more 0,2%, 0, 3% etc.
-

Comparing between questions, do you find the differences between thresholds reasonably
consistent (e.g. is the degree of implementation for 'medium-high' relatively consistent
between questions)?
Yes, it seems a logical approach.

-

In general, are the threshold descriptions sufficiently clear and succinct?
Yes, it is well understood.

-

Do the thresholds support the objectivity of the responses, and do you expect them to
facilitate tracking progress over time?
They support the discussions of the stakeholders.

-

Are the explanations at the beginning of each section and the use of footnotes
appropriate?
They need to be coherent, fit within a framework of IWRM that is globally understood. We
have included a proposal below, not to propose as a necessary alternative, but to stimulate
the discussion on a coherent or different framework.

-

Is the explanation of how to calculate each average section score and the overall score (in
section 5) sufficiently clear?
Questions remain on how this score will be calculated if questions are skipped, or when
questions are not applicable to a country.

-

What are your thoughts on the feasibility and appropriateness of the proposed validation
processes as described in sections 2.2 and 4 of the step-by-step monitoring methodology
for 6.5.1?
This is feasible and was executed during the proof of concept phase. In the Netherlands, we
had invited representatives of the Waterboards and Rijkwaterstaat. Following the GEMI
proof of concept workshop and specific feedback from Uganda, we will invite a wider range
of stakeholders from the national and local governments for the discussion.

b. the clarity and usefulness of the step-by-step guide
Very clear approach.
c. the technical support provided by UN technical agencies and others, including external
organisations
Was available, but was not used
5. Are the data obtained using the draft methodologies likely to be useful at national and
subnational levels?
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It stimulates the discussion on IWRM, and brings together different stakeholders. Therefore it is
useful to discuss.
6. How does the monitoring of this indicator link to existing processes and to the measurement of
other indicators (at the national, sub-national, regional or global levels)?
Data needs to be gathered from scratch. This will stimulate discussions among experts and
strengthen

7. Considering feasibility and usefulness, what do you think would be the most appropriate
frequency of measurement of this indicator in your country, e.g. annually, every 2 years, 3 years,
etc?
This depends on the rate of change in a country. We can provide data every year if needed.
Do you wish to share any other issues arising from your experience of pilot testing the indicators
not covered by other questions?
n/a

121

Proposal to review the four IWRM Components used
Notes by Maarten Hofstra linked to the Draft indicator list van de Global Expanded Monitoring
Initiative for monitoring and reporting the SDG target “IWRM implemented by 2030”
In the Integrated Monitoring Guide the following division is applied
• Enabling environment
• Institutions
• Management instruments
• Financing
It is important to remark: each classification is arbitrary and justifiable. The division chosen is
therefore not wrong. However, especially the notion “Enabling environment” is used often and
different organisations will give a different interpretation. In addition, the other three components
overlap: Financing is an instrument, instruments are Institutions, etc.
There is a more systematic classification due to go out of the three layer approach that we used in
the Water Governance Centre. See "Chapter 1 of the book Building Blocks for Good Water
Governance". See also the brief description below.

The three-layer approach
makes a distinction between a
content layer, an institutional
layer and a relational layer.
Inside those layers are again a
number of distinct components:

Content layer

Strategy/Policy
Planning*
Information
Knowledge/skills (capacity)
* Planning here refers to content. Of course, it is also an instrument and part of the institutional
layer.
Institutional layer

Organization
Legislation
Financing

Relational layer

Culture and ethics
Communication
Cooperation
Participation
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In the tables below, I have placed all the components from the GEMI list of indicators in the
components of the three layers.
It offers the opportunity to assess whether the indicators provide a sufficiently clear image.

Content
layer

Strategy/Policy
(including gender)

Planning

Information

Knowledge/skills
(capacity)

Institutiona
l layer

1.1.a.: National water resources policy, or similar, based on
IWRM
1.2.a.:Sub-national/
provincial/state water resources policies or similar based on
IWRM
2.1.e.+2.2.c.+2.2.d.:Gender-specific objectives and plans at
national, sub-national and transboundary level
1.1.c.: National IWRM plans, or similar
1.2.b.:Basin/aquifer management plans or similar, based on
IWRM
3.1.a.:Monitoring water availability (surface water and
groundwater) at national level
Zie hiervoor ook relationale lag onder cooperation
3.1.e.:Developing IWRM capacity at the national level

Organization

2.1.a.Government authorities capacity for leading
implementation of National IWRM plans or similar
2.2.a.:basin/aquifer organizations for leading
implementation of IWRM plans or similar
2.2.e.: organizational framework for transboundary water
management for most important basins and aquifers
2.2.f.:Federal countries only: provincial/state authorities
responsible for IWRM

Legislation (laws and
regulations)

1.1.b.:National water resources law(s) based on IWRM
1.2.c.:Arrangements for transboundary water management
in most important basins/aquifers
1.2.d.:Federal countries only: provincial/state water
resources laws based on IWRM
3.1.b.:sutainable and efficient water use management
instruments at national level
3.1.c.:Pollution control management instruments at national
level
3.1.d. : water-related ecosystems management instruments
at national level
3.2.a.:Basin management instruments at other than national
levels
3.2.b.:Aquifer management instruments

Financing

4.1.a.: National budget for investment including water
resources infrastructure.
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4.1.b.: National budget for recurrent costs of IWRM
elements
4.2.a.:Sub-national or basin budgets for investments
including water resources infrastructure
4.2.b.:Revenues raised from dedicated levies on water users
at basin aquifer or subnational levels
4.2.c.:Fiancing transboundary cooperation

Relational
layer

Culture and ethics

Here, you would actually like to learn something about the
culture of cooperation, eg. Former cooperation on
implemention of the Law on pollution of surface water the
WVO and water management (CIW) and now the
cooperation in the framework of the bestuursakkoord water
(policy agreement on water)

Communication

2.1.b.:Coordination between government authorities
representing different sectors on water resources, policy
planning and management at national level
3.2.c.: Data and information sharing within countries
3.2.d.: Data and information sharing between countries
(data sharing is a determining factor of good cooperation,
but it might be seen as arbitrary to include it here)

Cooperation

Participation

2.1.c.: Public participation in water recources, policy,
planning and management at national level
2.1.d.: business participation in water recources
development, management and use at national level
2.2.b.: Public participation in water recources, policy,
planning and management at local level
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The three layer model of water governance
To be able to communicate clearly about the important aspects of water governance it seems useful
to look more closely at the basic elements.

For this the “Three layer
model of water governance”
can be used. Core element
of this approach is that
Good water management
comprises three layers:
A content layer, an
institutional layer and a
relational layer.

A content layer while knowledge of the water systems and of the nature of the problems is essential
as well as experience and skills to be able to solve the problems. Also it is important to dispose of
the necessary basic data and information.
However, in most cases this is not enough to reach a good water status. An adequate organizational
framework together with the necessary (legal) instruments and a good financing structure are
fundamental requirements for successful integrated water resources management (the institutional
layer).
Besides that, for successfully solving persistent water problems attention to what is called the
relational layer is required. Important elements of this layer are communication and cooperation
between different actors and with the public, stakeholder participation, transparency and trust.
Water governance focuses most explicitly on the institutional and relational layer, without
overlooking the importance of and relations with the content layer.
Based on the three layers relevant questions can be formulated like shown here. A clear answer to
these questions is essential to be successful in the execution of integrated water resources
management.
Maarten Hofstra, Water Governance Centre (NL)
www.watergovernancecentre.nl
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What do we have
that works

What is missing ?

How can water
governance be
improved ?

Is there a clear policy and
planning for water
management?
Do we have sufficient and
relevant information?
Do we have the necessary
knowledge and and skills?
Are the roles and
responsibilities clear?
Do we have the necessary
tools?
Is functioning of the financing
system ensured?
Is the water policy well
connected with other policy
fields (e.g. spatial planning?
Are all stakeholders involved
in decision making for water
management?
Is there transparency in water
management?
Is there enough confidence to
work together?
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6.5.2
Indicator monitoring methodology
being reviewed:

6.5.2 - Transboundary basin area with an operational
arrangement for water cooperation

Government bodies / other
institutions involved in the testing:

Rijkswaterstaat, Statistics Netherlands,

Contact person:

Jos Timmerman (Wageningen Environmental Research)
jos.timmerman@wur.nl
Carien van Zwol – Carien.van.Zwol@minienm.nl
Ministry of Infrastructure and the Environment /
Rijkswaterstaat

Data collecting agency

1. What were the technical steps taken in testing the monitoring methodology of the indicator?
The Netherlands has four river basin districts. These are all parts of international river basin districts.
The sharing countries are EU member states, as well as Switzerland, and Liechtenstein. The EU
countries have to comply to the EU Water Framework Directive and the EU Flood Directive, that can
be considered overarching cooperation frameworks. Next to that, each international river basin
districts has a commission on that specific river basin. These cooperation frameworks will be shortly
discussed below.
European Union Directives
The River Basin Districts in the EU that are coordinated through international river commissions have
in most cases also developed international River Basin Management Plans (RBMPs) according to the
EU Water Framework Directive (WFD) and the Flood Directive (FD). Many other river basins are less
advanced regarding adoption of RBMPs but may still cooperate via international coordination
mechanisms and coordinating bodies. Some basins have not yet established any cooperation
framework at all. From this, four categories have been pre-identified under the WFD:
- Category 1: International river basins with an international agreement/convention & a River
Basin Organization & international River Basin Management Plan
- Category 2: International river basins with an international agreement & coordination body
& no international River Basin Management Plan
- Category 3: International river basins with an international agreement & no coordination
body & no international River Basin Management Plan
- Category 4: International river basins with no international agreement/convention & no
coordination body & no international River Basin Management Plan
These categories are part of the reporting in the international River Basin Management Plans. The
categories show some overlap with the criteria for operational cooperation as defined for this
indicator (see Section 1.2). The coordination in the four river basin districts (RBD) in The Netherlands
all fall under category 1 as for all of the RBDs, an international agreement exists, a River Basin
Organisation exists, and an International River Basin Management Plan (RBMP) has been drafted in
coordination with the neighbouring countries. The International RBMPs of Scheldt, Rhine, Meuse
and Ems specifically mention measures related to groundwater, but these are not described in
detail17.

17

http://ec.europa.eu/environment/water/water-framework/pdf/3rd_report/CWD-2012-379_EN-Vol3_NL.pdf
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International Commission for the Protection of the Rhine (ICPR)
On 11 July 1950, Germany, France, Luxemburg, the Netherlands and Switzerland founded the ICPR in
order to analyse the pollution of the Rhine, to recommend water protection measures, to harmonize
monitoring and analysis methods and to exchange monitoring data. Today, international
cooperation in environment and water protection is considered to be obvious18. Currently, all
countries that share the river basin coordinate and develop a common RBMP. Also, a common Flood
Risk Management Plan is developed.
International Meuse Commission (IMC)
In 1994, the governments of the French Republic, the Walloon Region, the Flemish Region, the
Brussels Capital Region and the Kingdom of the Netherlands signed the Treaty on the protection of
the Meuse in Charleville-Mézières and set up an International Commission for the Protection of the
Meuse (ICPM). The International Meuse Commission (IMC) was established in 2002 with the signing
of the Meuse Treaty (Treaty of Ghent). The aim of the Treaty is to achieve sustainable and integrated
water management of the international river basin district of the Meuse19.
International Scheldt Commission (ISC)
The International Scheldt Commission (ISC) is an intergovernmental body for sustainable
management of the Scheldt river basin district. In 1994, the governments of the French Republic, the
Walloon Region, the Flemish Region, the Brussels Capital Region and the Kingdom of the
Netherlands signed the Treaty on the protection of the Scheldt in Charleville-Mézières and set up an
International Commission for the Protection of the Scheldt (ICPS). The 2001 Ministerial Declaration
of Liège and the 2002 Treaty of Ghent marked the setting up of the International Scheldt
Commission20.
Permanent Dutch-German Ems Commission
The Permanent Dutch-German Ems Commission was established on the basis of article 29 of the
1960 Ems-Dollart Treaty between the Netherlands and Germany. The first meeting of the Ems
Commission took place on 30 October 1963 in Emden (Germany). Its purpose is the promotion of
cooperation in good neighbourliness to safeguard the navigation towards and from the Dutch and
the German harbours and the sea.
For the international co-ordination of the implementation of the European Union Directives in the
Ems RBD, the International Steering Committee Ems was established. Specially for the Ems-Dollard
area the Dutch-German Ems Commission (subcommission G) is involved as well.

18

http://www.iksr.org/en/international-cooperation/about-us/history/index.html
http://www.meuse-maas.be/Accueil.aspx
20 http://www.isc-cie.org/
19
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Computation of the indicator
For an agreement or other kind of formal arrangement for cooperation between the riparian
countries to be considered operational, all of the four following criteria needs to be fulfilled:
 There is a joint body, joint mechanism or commission (e.g. a river basin organization) for
transboundary cooperation
 There are regular formal communications between riparian countries in form of meetings
 There is a joint or coordinated water management plan(s), or joint objectives have been set
 There is a regular exchange of data and information.
Surface water
Table 1 provides an overview of the four river basin districts in The Netherlands, the surface and the
percentage of the Dutch territory that each RBD covers. Each RBD has an operational arrangement
for water cooperation in the form of a commission that have formal communications, has
coordinated water management plans, and has a regular exchange of data and information. The
respective RDBs cover the whole of The Netherlands. It is therefore concluded that the value of the
indicator 6.5.2 for surface water in The Netherlands is 100%.
Percentage
Percentage of
Size
of NL
international
RBD
Name (km2)
territory
RBD
NLRN
Rhine
28,917
69
17.1
NLSC
Scheldt
3,263
8
5.5
NLMS
Meuse
7,474
18
21.8
NLEM
Ems
2,478
6
13
Table 1: Overview of the Netherlands’ River Basin Districts21

Countries sharing RBD
AT, BE, CH, DE, FR, IT, LI, LU
BE, FR
BE, DE, FR, LU
DE

Ground water
Groundwater bodies in The Netherlands are divided over the respective RDBs as shown in Figure 1.
International coordination of these groundwater bodies, where relevant, is mandated to the
respective international river commissions. Table 2 provides an overview of the sum of the surface
area of the groundwater bodies in each RBD. The groundwater bodies extend at different depths
and therefore the total area may extend over the surface area of the RBD.
RBD
Name
Size (km2)
NLEM
Ems
2,313
NLMS
Meuse
10,119
NLSC
Scheldt
3,980
NLRN
Rhine
23,517
Table 2: Overview of the Netherlands’ groundwater bodies22

21

http://ec.europa.eu/environment/water/water-framework/pdf/3rd_report/CWD-2012-379_EN-Vol3_NL.pdf
Water quality portal of the ‘Informatiehuis Water’
http://www.informatiehuiswater.nl/pagina/producten/waterkwaliteitsportaal.html
22

129

Figure 1: Netherlands EU-WFD River basin districts and Groundwater bodies RBMP 2015-202123
Two groundwater bodies are characterised as being transboundary, both located in the Scheldt RBD.
The total area of these two ground water bodies is 1,597 km2. The water cooperation of these two
bodies is covered through the International Scheldt Commission. Nevertheless, any necessary
coordination on groundwater at the transboundary level, also in the other RBDs, is covered by the
respective international river commissions.
As the water cooperation on groundwater is covered through the international river commissions
and all groundwater bodies fall under one of these commissions it is concluded that the value of the
indicator 6.5.2 for groundwater in The Netherlands is 100%.
Calculation of the indicator
The calculation of the indicator requires the following steps:
- Identify all transboundary basins (both surface waters and groundwater)
Four transboundary basins are identified as well as two groundwater bodies.
- Calculate the extent in the country of each transboundary basin (and the total area in the
country of all transboundary basins = sum of the catchment areas of all transboundary
surface waters + sum of the extent of all transboundary aquifers)
The sum of the total area of all transboundary waters equal the total of the country (Table
1).
- For each transboundary basin (both surface waters and groundwater) determine whether
there is an operational arrangement for transboundary cooperation
For each transboundary basin an operational arrangement for transboundary cooperation is
present.
- Calculate the ratio: sum of the areas in the country of transboundary basins covered by an
operational arrangement for transboundary cooperation over total area in the country of all
transboundary basins
All transboundary basins are covered by an operational arrangement for transboundary
cooperation. The overall value of the indicator consequently is 100%.
2. Which institutional arrangements were made for testing the monitoring methodologies, and for
coordination across government bodies, including the national statistics office?
23

Water quality portal of the ‘Informatiehuis Water’
http://www.informatiehuiswater.nl/pagina/producten/waterkwaliteitsportaal.html
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An expert on transboundary water governance was hired to provide answers to the indicator.
Statistics Netherlands was not involved in the calculation, but will receive the data of the Ministry
of Infrastructure and the Environment and will send this to the UN.
3. Which resources and capacity were required?
Clear knowledge on national and international arrangements of the Netherlands concerning
surface and groundwater management. Funding to hire this person, 3 days of this person to
answer the questions and review the indicator.
4. What feedback do you have on the following, as experienced during testing and/or foreseen
during future implementation:
a. the methodology
o

o

o
o

Are the definitions clear (i.e. transboundary basin, arrangement for water
cooperation, operationality) or would any of them need to be defined in further
detail?
Yes, they are clearly defined.
Was it straightforward to assess whether your country’s cooperation
arrangements are operational? If not, what difficulty did you experience?
Yes, this data is freely accessible through the websites of the international
commissions. Nevertheless, knowledge of the functioning of the international
arrangements is helpful.
Were any significant data gaps detected?
No, please see the calculations above.
Is there a significant level of uncertainty related to any of the components needed
for defining the indicator? If yes, please specify?
Data collection for surface water in general should not be problematic as usually
numbers are available, either at national or international level. And as it is not the
exact surface area data that are used for the indicator but their percentages, the
order of magnitude is much more important than the exact figure. For groundwater,
surface area information may not always be available.

The accuracy of the data may vary, as data are collected for different purposes and
mismatches may occur. In the case of The Netherlands, various numbers of the total
catchment area are available that are not exactly the same. For instance, adding up the
surface areas of drainage areas that are inventoried for surface water emission
registration purposes (Figure 2) lead to a total surface area per RBD that are higher than
the numbers as reported in the national River Basin Management Plan, among others
because the coastal area is included as drainage area. The differences are however small
and will not lead to substantially different outcomes of the indicator. However, such
differences will appear and it is therefore important for comparability that the surface
areas of different transboundary basins as used for the calculation of this indicator come
from the same data source.
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Figure 2: Drainage areas for emission registration and River Basin Districts24
Determination whether there is an operational arrangement for transboundary
cooperation according to the criteria as mentioned can be subjective to some extent.
Overall, the criteria help to determine whether the arrangement is operational.
The calculation of the indicator after data collection is quite straightforward and should
not lead to difficulties.
b. the clarity and usefulness of the step-by-step guide
The indicator provides information on the level of transboundary cooperation where
this is wanted. As already indicated, the indicator does not show if the whole of a
transboundary basin or just a part of the basin is covered through an operational
arrangement.
Next to this, the area covered by transboundary basins relative to the overall surface
area of the country is important information. For countries where the total surface area
is covered by transboundary basins, like The Netherlands, transboundary cooperation is
of high importance. On the other hand, for countries that have a transboundary basin
covering only a minor part of the total surface area of the country transboundary
cooperation may not be essential, especially when the transboundary basin lies in a part
of the country where there are virtually no activities related to water management.
Possibly, reporting on the indicators should be done in classes (e.g. < 5%; 5-30%; 3060%; >60% (percentage transboundary basin area relative to the countries’ total surface
area)). A first global assessment should analyse such outcomes to determine if the
indicator should compensate for the relative importance of transboundary cooperation
in a country in relation to the overall surface area of the country.
Another issue that can be raised is if the indicator provides sufficient incentives for
improving cooperation. The criteria for determining if an operational arrangement
exists lead to a yes/no answer. A country that has just started implementing an
arrangement will not gain a positive score until the arrangement is fully operational
according to the criteria.

24

Water quality portal of the ‘Informatiehuis Water’
http://www.informatiehuiswater.nl/pagina/producten/waterkwaliteitsportaal.html
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Year
1990

2000

2016

Basin
name
Rhine
Scheldt
Meuse
Ems
Rhine
Scheldt
Meuse
Ems
Rhine

Size
(km2)
28,917
3,263
7,474
2,478
28,917
3,263
7,474
2,478
28,917

Percentage
69
8
18
6
69
8
18
6
69

Scheldt
Meuse
Ems

3,263
7,474
2,478

8
18
6

Number
of
criteria
met

Indicator value as
proposed
4
0
0
4
4
2
2
4
4

4
4
4

69*1+8*0+18*0+6*1=
75%

Indicator value
alternative
69(4*0,25)+8(0*0,25)+
18(0*0,25)+6(4*0,25)=

69*1+8*0+18*0+6*1=

75%
69(4*0,25)+8(2*0,25)+
18(2*0,25)+6(4*0,25)=

75%

88%

69*1+8*1+18*1+6*1=

69(4*0,25)+8(4*0,25)+
18(4*0,25)+6(4*0,25)=

100%

100%

Table 3: Example of how the indicator value develops for the proposed indicator and if the indicator
uses the criteria as steps in a process25.
An alternative could be to use the criteria as steps in a process. Meeting only one
criterion then leads to gaining some points, meeting more criteria to more points and in
the end meeting all criteria to the maximum points. In this way, progress in
transboundary cooperation can be shown through the indicator in more detail.
Table 3 shows an example of how the value of the indicator could develop over time for
The Netherlands for the proposed indicator and if the criteria are used as steps in the
process.
The downside of this approach is that the ‘operationality’ of the arrangement becomes
more subjective and disputable. Moreover, it fundamentally changes the characteristics
of the indicator, and a new indicator would need to be defined. Finally, this approach
would provide a sense of accuracy that in reality does not exist; in some basins there is
good cooperation where there is no ‘operational arrangement’ according to the criteria,
while on the other hand basins may be identified as having an ‘operational
arrangement’ where cooperation can be characterised as poor. It is therefore concluded
that the indicator in its current form is suitable for providing insight into the level of
cooperation worldwide. It should nevertheless be accompanied by more detailed
information to be able to identify measures to improve transboundary cooperation.

25

The example assumes that in 1990, the agreement for the Ems and Rhine met the four criteria while there was virtually
no cooperation on the Meuse and Scheldt. In 2000, there was a joint body and formal communication for Meuse and
Scheldt, but no coordinated plan and no formalised regular exchange of data and information. The calculation of the
indicator is done by multiplying the number of criteria that are met by 0,25.
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c. the technical support provided by UN technical agencies and others, including external
organisations
It was available but not used. Some support will presumably be needed when reporting
worldwide starts.
5. Are the data obtained using the draft methodologies likely to be useful at national and
subnational levels?
The level of detail is insufficient to improve national or subnational policies when 100% is
achieved. It may however influence national and subnational policies where the indicator score is
below 100%.
6. How does the monitoring of this indicator link to existing processes and to the measurement of
other indicators (at the national, sub-national, regional or global levels)?
We would like to stress the importance of monitoring this indicator globally, to support
transboundary cooperation. It may strengthen the work under the UN Watercourses Convention
and the ECE Water Convention as well as the measurement of indicator 6.5.1, and possibly
accelerate achieving other water related SDG’s.
7. Considering feasibility and usefulness, what do you think would be the most appropriate
frequency of measurement of this indicator in your country, e.g. annually, every 2 years, 3 years,
etc?
As development in transboundary cooperation takes time, measuring every 3 years will be most
appropriate.
8. Do you wish to share any other issues arising from your experience of pilot testing the
indicators not covered by other questions?
N/a
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6.6.1
Indicator monitoring methodology
being reviewed:

6.6.1 - Water-related ecosystems

Government bodies / other
institutions involved in the testing:

Ministry of Infrastructure and the Environment,
Rijkswaterstaat, Statistics Netherlands, Deltares,
Wageningen University

Contact person:

Marcel van den Berg, Rijkswaterstaat,
marcel.vanden.berg@rws.nl
Monique Berendsen, Monique.Berendsen@minienm.nl

In the Netherlands, systems to monitor ecosystem services and the development of ecosystems are
in full development. We have identified several sources of data which could be used for the
monitoring of indicator 6.6.1. This ranges from data gathered for the European Water Framework
Directive to policy documents on management of the environment from provinces. Important is to
say that in the Netherlands, research is being done on the relevance of ecosystem accounts for
policy, by Statistics Netherlands and Wageningen University. A pilot was implemented in the south
of the Netherlands, and ecosystem accounts will be developed for the entire Netherlands. In 2017
and 2018, it is planned to develop a Condition Account and Capacity Account. These accounts may
provide relevant information for 6.6.1.
Based on the final monitoring methods provided by GEMI, Statistics NL, Rijkswaterstaat and
Wageningen University will identify which data is most relevant for the monitoring of SDG 6.6.1.
Databases relevant for 6.6.1:
Databases in development
-

-

Ecosystem Accounts, Ecosystem accounting aims to quantify and monitor the
interdependence between ecosystems (and their services) and economic activities, in an
internationally consistent manner. The accounting system is based on tracking changes in
the supply and economic use of ecosystem services. It also aims to monitor the extent and
condition of ecosystems, which is needed to identify the causes for changes in ecosystem
services supply. The methodology was developed by an international group of experts under
auspices of the UN Committee of Experts on Environmental-Economic Accounting (UNCEEA
Statistical Committee) UN et al. (2014). Following endorsement by the UN Statistical
Committee, ecosystem accounting is now part of the international framework of the UN the
System of Environmental Economic Accounts. (Ecosystem Accounting Limburg Province,
the Netherlands, 2015)
Condition Account and Capacity Account, planned for 2017 and 2018.
Additionally, provinces are working hard to collect data linked to the EU bird protection and
habitats directive.
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A characterization of surface waters
- There is no direct data on wetlands, but data on ‘open wet nature’ can be used as proxy and
can be abstracted from the ‘Bestand Bodemgebruik’ (File for soile use), as proposed by
Statistics Netherlands
- All waters in the Netherlands are mapped by PBL Netherlands Environmental Assessment
Agency and Wageningen Alterra. This document describes a GIS map with the spatial
location of the Dutch surface waters. This map is based on the TOP10NL map, which is a very
detailed geographical map and includes all surface waters. This map is made by het Kadaster
(land register office). In this map a typology of surface water and the spatial information of
the Water Framework Directive (WFD) is added. The typology describes 20 different kinds of
surface water and includes all waters. The spatial location of the Water Framework Directive
(WFD) is the location of the waterbodies and it includes the name, identifier, status and
type. This map can be used for the WFD, nature and biodiversity analyses
o http://www.rivm.nl/bibliotheek/rapporten/500067004.pdf
A characterization of groundwater
- A detailed map of groundwater in the Netherlands is made by Alterra. It will be available the
beginning of next year, in time for the SDG requirements. This project is led by Mirjam Hack
(mirjam.hack@wur.nl).
Information on other management units relevant for 6.6.1 (wetlands)
- Statistics NL reports yearly the land use areas for the Netherlands per community (see also
PBL report and references). One possibility is to use one of this categories (open natte
natuur, see above) or (marsh area) as representative for this indicator.
o References:
 http://www.clo.nl/indicatoren/nl1148-areaal-moeras
 Leeuwen, N. van en A.J. van Strien (1997). Begroeiingstypenkaarten voor
natuurmeetnetten. CBS. Voorburg/Heerlen.
 Meij, T. van der en L. van Duuren (2000). Veranderingen in oppervlakten van
natuurtypen tussen 1950 en 1990. Kwartaalbericht Milieustatistieken 20002. CBS. Voorburg/Heerlen.
- For swamps, floating mats, fens, bogs, reedbeds, and wet forests, monitoring is being done
at the provincial level. Management type maps (beheertypenkaarten) of the provinces
provide the most relevant information. These are shared by the Interprovinciaal Overleg,
umbrella organisation for all 12 Dutch provinces.
o http://bron.portaalnatuurenlandschap.nl/
o https://www.portaalnatuurenlandschap.nl/themas/overzicht-typen-natuur-enlandschap/natuurtypen/
- Index Natuur en Landschap (Nature and Landscape) provide an overview of different types
of nature in the Netherlands, and the linked management approach.
o http://www.clo.nl/indicatoren/nl1544-index-natuur-en-landschap
- An alternative for these databases can be the Land Use Database. This database is updated
every 3 to 5 years, of which the latest update was in 2013.
o http://www.wur.nl/nl/ExpertisesDienstverlening/Onderzoeksinstituten/Environmental-Research/FaciliteitenProducten/Kaarten-en-GIS-bestanden/Landelijk-Grondgebruik-Nederland.htm
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o
o

The database is linked to an online map:
http://www.wur.nl/nl/ExpertisesDienstverlening/Onderzoeksinstituten/Environmental-Research/FaciliteitenProducten/Kaarten-en-GIS-bestanden/Landelijk-GrondgebruikNederland/lgn_viewer.htm

Information on ecosystem health
- State of Nature reports (Staat van Instandhouding by the PBL Netherlands Environmental
Assessment Agency) can be used to provide information on health of ecosystems other than
water, such as wet forests.
o http://www.clo.nl/indicatoren/nl1483-staat-van-instandhouding-en-trends-soorten-enhabitattypen-vogel--en-habitatrichtlijn;
- An alternative can be the information on nature quality shared by the provinces. This
database is in full development and provinces are working hard to collect the information
which is linked to Natura 2000 (http://www.natura2000.nl/), this covers 160 areas linked to
the EU bird protection and habitats directive which are designated by the Ministry of
Economic Affairs. This covers in total 1.1 million acres, of which 69% is water and 31% is
land.
o http://www.portaalnatuurenlandschap.nl/themas/monitoring-ennatuurkwaliteit/overzicht/
EU Water Framework Directive / Kaderrichtlijn Water
- This database contains a water map, division of water types (natural or man-made), and
information on the physical and ecological quality of water. It will be used as additional
information to the databases mentioned above.
o http://www.clo.nl/indicatoren/nl1438-kwaliteit-oppervlaktewater-krw
o http://www.clo.nl/indicatoren/nl1420-krw-biologische-kwaliteit-oppervlaktewater
o http://www.clo.nl/indicatoren/nl0252-fysisch-chemische-waterkwaliteit-krw
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Review questions from UN Water
1. What were the technical steps taken in testing the monitoring methodology of the indicator?
Experts of Statistics NL and Rijkswaterstaat have analysed the methodology. This was shared
during the Work in Progress workshop from 7 to 9 September. Additional feedback was
requested from Deltares and Wageningen University.
We have focused on analyzing which data is available in existing databases.

2. Which institutional arrangements were made for testing the monitoring methodologies, and for
coordination across government bodies, including the national statistics office?
Statistics Netherlands is the organization which identifies first and foremost which data is
available and which organisations hold the information. They have done so for all SDGS. Due to
the GEMI process, identifying which data was available for the water SDGs was a priority.
Feedback was requested from Rijkswaterstaat and Wageningen University and outcomes are
included in this report.
If data is needed from the databases of provinces, the Wageningen University will request access
to the databases from the involved governmental institutions. After an analysis, data will be sent
to Statistics NL for reporting on the SDGs.

3. Which resources and capacity were required?
We build on existing databases and linked to experts with extensive knowledge on reporting on
nature, especially focused on international reporting requirements to ensure other European
countries are able to deliver the data.
4. What feedback do you have on the following, as experienced during testing and/or foreseen
during future implementation:
Reference conditions of land use data can go back to at least 1996 but probably the 1950s may
be achievable. On the other hand, the real reference conditions for this indicator –if reference is
considered as a situation without strong human impact- differ largely from the present situation.
Without dikes, dams, sluices, and pumps more than one third of the whole country would be one
large marsh or swamp. This is clearly not the objective for the Netherlands.
On the other hand, a change took place in the last decades. The NLs invested now more in an
adaptive way to reduce flood risks than decades ago. This means that flood defense not always
result in bigger or higher dikes or dams, but e.g. in more room for the river. Dikes are re-allocated
at many places to widen the river bed or the stream bed is lowered by making new side channels
or by-passes. Here, flood risk reduction and measures to improve the quality of the wetlandecosystems go hand in hand. Also in coastal areas innovation takes places by construction of
large sandy beaches which are naturally transported to other places along the coast line (e.g. see
De Zandmotor). This change in policy will be detected in both proposed indicators, although the
percent of change will be relatively small over short period of time. Also at longer time span, a
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large change cannot be expected. The Netherlands remain a dense populated country with a
large pressure on the use of every m2 of land and water.
a. the clarity and usefulness of the step-by-step guide
It is unclear which ecosystems are part of the methodology. If countries choose a different
approach based on this, are the outcomes still comparable?
5. Are the data obtained using the draft methodologies likely to be useful at national and
subnational levels?
Yes, the data is already part of either monitoring requirements or in the case of the
management files, data is used by provinces to design and effectively implement their policy
regarding nature.
6. How does the monitoring of this indicator link to existing processes and to the measurement
of other indicators (at the national, sub-national, regional or global levels)?
All data is retrieved from existing processes. The Condition Account and Capacity Account
were already planned.
7. Considering feasibility and usefulness, what do you think would be the most appropriate
frequency of measurement of this indicator in your country, e.g. annually, every 2 years, 3
years, etc?
Frequency of monitoring and reporting will be different. The frequency will differ per
indicator. Furthermore, interpretation of the monitoring and reports will be much more
important. A yearly report for 6.6.1 will be a challenge, and neither will it be useful as change
will come slowly. We advise to report every 2 or 3 years.
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The Deltares Aqua Monitor
The Deltares Aqua Monitor (http://aqua-monitor.deltares.nl) is the first global-scale tool that shows
at 30-meter resolution where water is converted to land and vice versa. With Google Earth Engine26,
it analyses satellite imagery from multiple Landsat missions, which observed Earth for more than three
decades on the fly. The Aqua Monitor provides a much needed, fully planetary-scale view on changes
in land and water occurrence. Documented, and undocumented changes due to man-made
interventions, natural variability, and climate change are revealed. It allows to look at any area of
interest and use the outcomes for scientific advances at planetary-scale, review large-scale statistics
on land and water conversion, or open a discussion with stakeholders in a given area on the basis of
unbiased information on water and land occurrence and change. The Aqua Monitor makes use of the
Landsat 30m multispectral satellite imagery measured by USGS/NASA during the last 30 years. To
obtain changes in water and land occurrence, the algorithm prepares cloud-free reflectance percentile
composite images, computed for multiple years and applied to the combined collection of Landsat
images measure during multiple satellite missions: Landsat 4, 5, 7 and 8. The Aqua Monitor establishes
water-land and land-water occurrence on-the-fly by estimating the MNDWI spectral index values and
by performing linear regression analysis for these MNDWI values over both user-selected periods.

Changes in the Dutch Delta between 2000 and 2015: land reclamation for the harbor (far left), the
sand engine (along the coast) and nature development (far right). Green: new land. Blue: new water.

26

Google Earth Engine is a new cloud platforms for planetary-scale satellite data analysis (http://earthengine.google.com)
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11.5
Indicator monitoring methodology
being reviewed:

11.5.1 Number of deaths, missing persons and persons
affected by disaster per 100,000 people
11.5.2 Direct disaster economic loss in relation to global
GDP, including disaster damage to critical infrastructure
and disruption of basic services

Government bodies / other
institutions involved in the testing:

Deltares, CBS (Statistics Netherlands), and the Ministry of
Infrastructure

Contact persons:

Cees van de Guchte
Cees.vandeGuchte@deltares.nl
Eva Baron, Ministry of Infrastructure and the Environment
Eva.Baron@minienm.nl

This indicator is mostly discussed in relation to the Sendai Framework for Disaster Risk Reduction
(DRR). The Sendai Framework for Disaster Risk Reduction 2015-2030 was adopted at the Third UN
World Conference in Sendai, Japan, on March 18, 2015. It is the outcome of stakeholder
consultations initiated in March 2012 and inter-governmental negotiations from July 2014 to March
2015, supported by the United Nations Office for Disaster Risk Reduction at the request of the UN
General Assembly.
At the moment the Sendai Framework is looking for a good way to report the monitoring procedures
and data, which will strive for improvement. UNISDR and a group of 18 countries led by Japan have
made feasibility studies to identify which indicators are workable.
The Netherlands is represented by Deltares, supported by the Ministry of Foreign Affairs and the
Ministry of Infrastructure and the Environment, to contribute to the technical discussions shaping
the implementation structure of the Sendai framework. On 14 to 18 November, the Netherlands
contributed to a meeting of the UNISDR Open Ended Intergovernmental Expert Working Group on
Indicators and Terminology Relating to Disaster Risk Reduction. This group came together for the
third and last time, formulating Recommendations for the Sendai process which will be presented to
the UN General Assembly in December 2016.
The aim is to create a baseline for the indicators over the period of 2005-2015. Countries will be
invited to provide a first report in 2020, and a second one over the period of 2020-2030.
A report will be made available via the UNISDR website:
http://www.unisdr.org/we/inform/events/50683
At the moment the Sendai process mainly focuses on the questions how and what. May next year
they will analyse how to improve the chosen methods.

141

Is this a fitting indicator
The goal of the target is to reduce the amount of victims and damage. The question is whether the
reduction is sufficiently mapped with the chosen indicator (amount of deaths per 100.000
inhabitants and damage over BNP). Especially for a country as the Netherlands.






With the chosen indicator there will only be data if there has been a disaster. In the
Netherlands it has not occurred anymore for 53 years. Due to our high level of prevention this
indicator thus only show that there are no victims, assuming a regular measurement (once or
every two years). What you will not see is all the efforts that are made to become more safe.
This indicator and number is strongly influenced by the weather, which can be very
changeable and will most likely differ for every area and year.
It is unsure however whether an indicator can include prevention or risk reduction to give
insight in such measures, and if it can be reached by other countries.
Perhaps these extra indicators can be included into the ladder approach; if countries are able
to fulfill it, they should.
o It might be interesting to then include flood risk maps for example.
o Or perhaps countries have flood risk management plans available that could function
as indicator.

Other available data or indicators






At the International Committee for Protection of the Rhine (ICBR), which has an international
flood risk management plan for the complete transboundary catchment, they look at the risk
and as step in between they include damage/victims/affected people. By including risk you
can also get an image of the events that are not often occurring, which will ensure that we
also include the new norms of the LIR (individual risks for passing).
At the ICBR Expert group they do not take the amount of victims as indicator, but they use a
couple of indicators that influence the potential amount of victims. These are availability of
run-off expectations, the quality of those, communication channels, and crisis management.
Eventually this results via calculations into an estimation of an evacuation fraction.
For the Netherlands we can produce a number for the potential victims based on the
evacuation percentage. However, this probably deviates strongly from what other countries
can deliver. Furthermore we can determine “persons affected”, though they need to define
better what is exactly meant with that term. If the total amount of people in the flooded area
is meant, than the above mentioned number will increase over the years. The effect of
measures cannot be seen then, except if we all start living in the Veluwe. It might be that the
indicator will not show the improvements that we in the Netherlands are striving for.
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Role of groundwater in Goal 6 indicators
Indicator 6.3.2 includes monitoring the proportion of groundwater bodies (aquifers) with good
ambient groundwater quality. It is up to the countries to define and include also groundwater bodies
among the overall group of water bodies of interest. For groundwater bodies a minimum frequency
of one sample per year is required.
For the calculation of indicator 6.4.1, total water withdrawals are required. This includes also
groundwater withdrawals, however a distinction between withdrawal sources is not required.
For indicator 6.4.2, the internal renewable water resources need to be quantified. This includes
recharge of groundwater generated from endogenous precipitation. Total freshwater withdrawals
are also required but not a distinction between surface water and groundwater. However, in more
advanced steps/rungs of the ladder approach, nationally produced data are expected to be
disaggregated by source.
Indicator 6.5.1 is calculated by means of a survey on the degree of water resources management
implementation. A number of questions refer to:
 The degree of coordination between government authorities representing groundwater
and surface water development/management
 The monitoring of groundwater availability
 The sustainable and efficient management of groundwater use
 The integration of surface and groundwater (basin) management instruments
 he financing of transboundary cooperation, including groundwater basins
Indicator 6.5.2 includes monitoring the proportion of transboundary aquifers with an operational
arrangement for water cooperation.
Indicator 6.6.1 includes monitoring the change in the extent of groundwater bodies over time. The
changes in depth to the groundwater table will be used as a proxy.
IGRAC’s contribution to the SDGs
IGRAC contributed, in collaboration with UNEP GEMS/Water and UNESCO-IHP, to the development
of the draft methodology for monitoring indicator 6.3.2. IGRAC also assisted IWMI with the
development of the draft methodology for monitoring the groundwater component of indicator
6.6.1. IGRAC published a ‘crowd-sourced’ policy brief entitled “Groundwater in the Context of the
Sustainable Development Goals: Fundamental Policy Considerations.” This brief will contribute to
the development of the 2016 UN Global Sustainable Development Report. It highlighted key areas
where groundwater will support the achievement of the SDGs and provided key, groundwaterconscious policy considerations for countries and other implementing agencies.
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Annex 1: Overview of proof of concept contact persons
The coordinators guide the process linked to 'their' indicator. They have identified which
organisations can support the data gathering and provided feedback on the methodologies together
with experts.
For more information, please e-mail Proof of Concept coordinator Monique Berendsen
(Monique.berendsen@minienm.nl), or GEMI implementation coordinator Ronald van Dokkum
(ronald.van.dokkum@rws.nl).
They are supported by the Netherlands Central Bureau of Statistics, Cor Graveland c.graveland@cbs.nl and Kees Baas - k.baas@cbs.nl.

Indicator

Name – Organisation

E-mailaddress

Overall focal point and process
coordinator for the GEMI proof of
concept period

Monique Berendsen - Ministry of
Infrastructure and Environment
Supported by the Netherlands IHPHWRP Committee

Monique.berendsen@minie
nm.nl
ihp.hwrp@unesco.nl

GEMI implementation
coordinator

Ronald van Dokkum - Rijkswaterstaat

6.1 & 6.2

Jelka Appelman - Ministry of
Infrastructure and Environment

6.3.1 Proportion of wastewater
safely treated
6.3.2 Proportion of bodies of
water with good ambient water
quality

6.4.1 Change in water-use
efficiency over time

6.4.2 Level of water stress:
freshwater withdrawal as a
proportion of available
freshwater resources

Meinte de Hoogh - Ministry of
Infrastructure and Environment European Water Framework Directive

Marcel van den Bergh, Rijkswaterstaat

Job Kleijn (Ministry of Foreign Affairs)

Ellen van Lindert - Ministry of
Infrastructure and Environment - Delta
programme fresh water

ronald.van.dokkum@rws.nl

Jelka.appelman@minienm.nl

meinte.de.hoogh@minienm.
nl

marcel.vanden.berg@rws.nl

job.kleijn@minbuza.nl
Please direct questions to
Statistics Netherlands:
c.graveland@cbs.nl, Kees
Baas - k.baas@cbs.nl
ellen.van.lindert@minienm.
nl
Please direct questions to
Statistics Netherlands:
c.graveland@cbs.nl, Kees
Baas - k.baas@cbs.nl
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Indicator

Name – Organisation

E-mailaddress

Jentse Hoekstra, supported by Inge
Koolen (Ministry of Infrastructure and
Environment, policy department)

Jentsehoekstra@minienm.nl

6.5.2 Proportion of
transboundary basin area with an
operational arrangement for
water cooperation

Jos Timmermans (University of
Wageningen)
Carien van Zwol (Ministry of
Infrastructure and Environment)

jos.timmerman@wur.nl,
Carien.van.Zwol@minienm.n
l

6.6.1 Change in the extent of
waterrelated ecosystems over
time

Marcel van den Bergh, Rijkswaterstaat

marcel.vanden.berg@rws.nl

Cees van de Guchte (Deltares), Eva
Baron (Ministry of Infrastructure and
Environment)

Cees.vandeGuchte@deltares
.nl,
Eva.Baron@minienm.nl

6.5.1 Degree of integrated water
resources management
implementation (0- 100)

11.5 Water related disasters
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Annex 2: Draft Kovacs paper

Confessions of a GEMI proof of concept country:
Piloting water related SDG implementation in the Netherlands
R. ter Horst2, M. Berendsen1, S. de Vries2, Pieter van der Zaag2, N. Vlaanderen1, K. Wieriks1
1

Netherlands Ministry of Infrastructure and the Environment, The Hague, 2597 JG, Netherlands.
2

Netherlands IHP-HWRP Committee, Delft, the Netherlands
Correspondence to: R. ter Horst (ihp.hwrp@unesco.nl)

Abstract. GEMI is the UN-sponsored initiative aiming at establishing and managing a coherent
monitoring framework for the implementation of the Sustainable Development Goals (SDGs). It
contributes to country progress through well-informed decision-making on water, based on
harmonized, comprehensive, timely and accurate information. Six proof of concept countries were
invited to test the methodologies developed by UN organisations to measure the indicators linked to
Sustainable Development Goal 6.3 to 6.6. The Netherlands accepted the invitation to act as proof of
concept country. Implementing GEMI in the Netherlands has benefited the Dutch water sector as it
created new alliances between Dutch water organisations, encouraged discussions on sharing data
between organisations, and provided a best practice example for the monitoring of other SDGs.
1 Introduction
The water theme is well represented in the Sustainable Development Goals (SDG), which were
accepted by the UN General Assembly in 2015. Within the framework of the predecessor of the
SDGs, the Millennium Development Goals (2000-2015), drinking water, sanitation and health were
included as targets. Within the framework of the SDGs, more water-related topics have been
included, such as water quality, water use, Integrated Water Resources Management, and
ecosystems. All together, these six topics form eight targets in SDG Goal 6. This means that new
systems for implementation as well as indicators and monitoring-methods have to be developed for
the new targets and the eleven indicators27. In the framework of the SDGs and under the motto ´no
one left behind´, all countries are invited to join the implementation and monitoring of the Goals.
The United Nations organisations working with water (a.o. UNEP, UN-Habitat, UNICEF, FAO,
UNESCO, WMO, and WHO), with UN Water as coordinating organisation, have taken up the
assignment to develop methodologies to monitor the ‘new targets’ using the indicators developed
by the Inter Agency Expert Group. 28 This process of developing the methodologies and monitoring
the targets is called GEMI, which complements the already existing Joint Monitoring Programme on

27 Indicators and Monitoring, available via http://www.unwater.org/sdgs/indicators-and-monitoring/en/, accessed 3
October 2016.
28 Inter-agency Expert Group on SDG Indicators available via
http://unstats.un.org/sdgs/iaeg-sdgs/, accessed 3 October 2016.
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Water Supply and Sanitation (JMP) for targets 6.1 and 6.2, and GLAAS which covers the two means
of implementation, 6a and 6b. 29
To test whether the methodologies they are fit for national realities, countries were invited to
function as a proof of concept for GEMI. The Netherlands is one of the six volunteering countries.
This representative role was not taken lightly. This article provides insight in the Netherlands proof
of concept process, the approach taken, and outcomes for the Netherlands which appear to have a
positive effect on the water sector, even beyond the GEMI related activities.

1.1 Water Related SDG targets
The Netherlands has adopted an integrated approach to monitoring the water related SDG targets.
This entails that the monitoring of SDG target 6.1 and 6.2 as well as 11.5 (disasters) have been
included in the process. Target 11.5 on water-related disasters has been included for its extreme
relevance in the Netherlands. SDG target 6.1 and 6.2 have not been monitored in the Netherlands
before, and as the SDGs are inclusive and global, The Netherlands has to provide data on all
indicators. The following are thus the targets that will be monitored in an integrated manner, Note
that for each target, one or more indicators have been defined for which a monitoring methodology
was designed30:
 6.1 By 2030, achieve universal and equitable access to safe and affordable drinking water for all”
 6.2 By 2030, achieve access to adequate and equitable sanitation and hygiene for all and end
open defecation, paying special attention to the needs of women and girls and those in
vulnerable situations
 6.3 By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing
release of hazardous chemicals and materials, halving the proportion of untreated wastewater
and substantially increasing recycling and safe reuse globally
 6.4 By 2030, substantially increase water-use efficiency across all sectors and ensure sustainable
withdrawals and supply of freshwater to address water scarcity and substantially reduce the
number of people suffering from water scarcity
 6.5 By 2030, implement integrated water resources management at all levels, including through
transboundary cooperation as appropriate
 6.6 By 2020, protect and restore water-related ecosystems, including mountains, forests,
wetlands, rivers, aquifers and lakes
 11.5 By 2030, significantly reduce the number of deaths and the number of people affected and
substantially decrease the direct economic losses relative to global gross domestic product
caused by disasters, including water-related disasters, with a focus on protecting the poor and
people in vulnerable situations

29 A coherent framework for global monitoring of SDG 6, available via http://www.unwater.org/gemi/globalmonitoring/en/, accessed 3 October 2016.
30 The methodologies can be found via http://www.unwater.org/publications/publications-detail/en/c/434399/ accessed 3
October 2016.
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Figure 1: The Water Cycle in the
Sustainable Development Goals (UN
Water)

1.2 GEMI
As described on the UN Water website31 ‘the long term goal of GEMI is to (i) establish and manage,
by 2030, a coherent monitoring framework for water and sanitation to inform the post-2015 period,
and (ii) contribute to country progress through well-informed decision-making on water, based on
harmonized, comprehensive, timely and accurate information. The GEMI framework allows Member
States to pursue national monitoring interests with flexibility, and address national and regional
issues while maintaining compatibility with global monitoring efforts. The methodologies will also
combine traditional and innovative data collection.’
According to UN Water,32 the objectives of GEMI are to:
•

Integrate and expand existing monitoring efforts, to ensure harmonised monitoring of the
entire water cycle
• Engage Member States and enhance their capacity in water sector monitoring
• Provide Member States with a monitoring guide for SDG targets
• Report on global progress towards SDG targets
GEMI builds on four principles:
•
•
•
•

Importance of integrated data
Harmonisation
Steps of progressive monitoring
Leaving no-one behind – a call for data disaggregation

2. Implementation
The draft methodologies prepared by the different UN organisations in their role of custodian of an
indicator, have been discussed and reviewed in the Netherlands. UN Water has prepared a review
framework which countries can use to monitor the different indicators and related methodologies.
The framework invites countries to provide insight in:
• Technical steps taken in testing the monitoring methodology of the indicator
• Resources and capacity required
• Feedback on
31

Monitoring water and sanitation in the 2030 Agenda for Sustainable Development, available online
http://www.unwater.org/gemi/en/, accessed 9 September 2016
32 As presented during the GEMI workshop in Delft, The Netherlands, September 2016
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•
•
•
•

– Methodology
– step-by-step guide
– technical support provided
usefulness for national and subnational levels
links to existing processes
appropriate frequency of measurement
Specific questions related to the different methodologies for each indicator

2.1 The Netherlands approach to GEMI
None of the targets and related indicators have been monitored and reported on before in the
framework of the MDGs or SDGs in the Netherlands. For each indicator, a coordinator working with
the Dutch government was identified. This was specifically done to ensure that the process of
monitoring will serve decision making processes and thus the implementation of the SDGs. The
coordinator was invited to select a group of experts with in-depth knowledge of the topic and a large
network in the water sector. These groups of experts came together for small workshops to discuss
the proposed methodologies following the framework described under point 2.
In the Netherlands, we identified the following additional goals for our specific activities as proof of
concept country:
•
•

Provide feedback on the system of indicators and propose improvements if applicable.
Identify which additional data is available in the framework of progressive monitoring – can
we deliver data that provide additional insights related to the target set in a smart and
efficient way.
• The experts were specifically asked to reflect on the feasibility of the exercise, and to identify
if low cost alternative methods or technologies are available to monitor the proposed
indicators.
• Provide suggestions how the Netherlands can support other countries in the implementation
of the SDGs and GEMI.
The Netherlands Central Bureau of Statistics (CBS) played a special role in the proof of country
process. The CBS supports the international process by being one of the 28 members of the Inter
Agency Expert Group of ECOSOC which designs the global indicator framework. Nationally, the CBS
identifies which data is already being gathered enabling the Netherlands to fulfil the monitoring
responsibilities with regard to the SDG system. This exercise was also done for the water related
SDGs. Due to the Dutch role in GEMI, this data was gathered more swiftly for the water related
goals.
In the Netherlands it is believed that each team can learn from activities set up for the other
indicators, as well as from experiences of other countries and monitoring requirements for other
programmes.

2.2 Work in progress workshop
From 7 to 9 September 2016, the Netherlands hosted a Work in Progress Workshop to discuss the
monitoring process of the Water SDGs in the framework of GEMI. The aim of the meeting was to
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discuss (1) whether the Proof of Concept process is on track, (2) share feedback and discuss the
proposed methods and indicators, and (3) identify which additional actions need to be undertaken in
the context of the Proof of Concept activities. Present at the workshop were the Dutch indicator
coordinators, representatives of GEMI-Target Teams from UN organisations, key representatives of
four other proof of concept countries (Senegal, Jordan, Uganda and Peru) and experts from the
Netherlands and abroad. The workshop was organised by the Netherlands Ministry of Infrastructure
and Environment, supported by the Netherlands IHP-HWRP Committee, the German IHP-HWRP
Committee, and UNESCO-IHE. The GEMI team of UN Water and UNESCO-IHP as liaison of the
Netherlands for GEMI provided inputs in the design of the programme.
The workshop also provided a good occasion for the Proof of Concept countries present to exchange
experiences and share updates on the national processes and data that is already being gathered.
The workshop provided a platform where both GEMI and POC representatives could discuss
struggles as well as opportunities in an open manner.

2.3 Outcomes
The proof of concept process turned out to be more than a simple ‘fill-in’ exercise. There are several
unexpected positive outcomes.
First, the process of bringing together different experts has proven to be very effective and resulted
in several connections between experts and organisations which normally would not have met. This
is remarkable as in the Netherlands, almost all organisations in the different water subsectors are
familiar with each other. It was also not easy for the facilitators to guide the experts out of the
meeting space after the discussions on the GEMI methodology were supposed to have been finalised
- many found the conversations too interesting.
Second, the large and inclusive role of the Central Bureau of Statistics in the preparations provided
inspiration for experts in the water sector who gained new insights in the work of the CBS. But also
experts of the CBS gained as they were exposed to alternative calculation methods.
Third, water experts in the Netherlands gained more insight in the SDGs as GEMI provided a tangible
activity for the SDGs.
This will enable the Dutch water-sector to support other Western and perhaps Southern countries
alike in the implementation and monitoring of the water SDGs.

As concrete outcomes, the GEMI process led to:
-

-

A consortium of organisations that is currently working on testing the value of different
monitoring methods – surveys, satellite data, modelling – to gather data for indicators 6.4.1
and 6.4.2 linked to progressive monitoring. This project is funded by the Ministry of
Infrastructure and the Environment.
A consortium is assessing whether biomonitoring, and in particular fish species, can be added
to indicator 6.3.2 as an additional or alternative water quality indicator. The presence of
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certain fish species indicates that the basic ecological requirements (food, shelter,
reproduction) and a minimum of water quality or habitat availability are being met.

As an additional spinoff of the workshop, The Netherlands is discussing with UN Water how to
support the global roll-out of the GEMI process, including involving more countries in the monitoring
of the water related SDGs.

2.4 Lessons learned
In the Netherlands, we have data readily available to monitor indicators 6.3.1, 6.4.1 and 6.4.2. For
indicator 6.3.2, 6.5.1, 6.5.2, and 6.6.1, data are available but it needs to be gathered from different
institutions. A necessary step to ensure The Netherlands will be able to provide data to the UN
custodian agencies next year is to identify lead institutions for these indicators and to decide if the
data will be provided through Statistics Netherlands (CBS) or through other organisations.
As proof of concept country, we have learned several lessons about what is needed to ensure to
ensure that the water targets are effectively monitored such that it leads to enhanced
implementation of policy and ultimately meeting these targets. These experiences were also shared
during the work in progress workshop report, and will be shared in a final report for UN Water and
the custodian agencies.
The indicators and methodologies proposed provide a good basis to work from. General feedback is
given on a few definitions, norms and references used, as not all were immediately clear or
understood in the same way by each proof of concept country. Clear concepts and definitions is
critical for success and comparability of the results.
There are still questions that need answering; on who is responsible for what, and how will
information be shared at the global level. This uncertainty influences and may inhibit countries to
develop additional activities, such as providing open source information and developing innovative
methods for implementation and monitoring of the SDGs. Therefore, there is a need for clarity on
the bandwidth countries have to gather additional data, and how this will be shown at the global
reporting level.
It needs to be re-emphasised that monitoring of SDG indicators is not about data gathering for the
sake of data gathering, but to support decision making processes for improved implementation of
the SDG targets. To facilitate this, data should be analysed comprehensively. The indicator
methodologies of target 6.3 to 6.6 facilitate this to some extent, as some of the methodologies build
on data of other indicators. The UN World Water Assessment Programme has started their work on
a synthesis report for water related SDGs, which is scheduled to be presented in May 2018. The aim
is to make an “analysis and combination of processed information and data with other information
and intelligence for full interpretation to inform policy making”.33 This report will also contribute to
comprehensive monitoring.

33

Presentation S. Uhlenbrook, GEMI work in Progress Workshop, Delft, 8 September 2016.
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3. Strengthening the global architecture for water
As said, the results of the GEMI exercise will be included in the synthesis report for water related
SDGs. The report could provide valuable information on topics we have to prioritize in order to reach
the ambitious water agenda. In the ideal world this discussion would take place at the global level,
but a global structure is lacking at this moment. The final report of the UN Secretary-General’s
Advisory Board on Water and Sanitation highlights that there is currently a mismatch between the
holistic and ambitious 2030 Agenda vision of water and sanitation management and the
international political structures available to effectively contribute to its implementation. There are
several reasons for this: The global water governance structure is highly fragmented. While a
multitude of forums, including UN agencies, deal with water, they treat it as a sub-topic and/or look
at it from single-issue perspectives. There is a disconnect between the water-specific processes that
form the current international water policy on the one hand and the international political level on
the other hand. Unlike for other themes, such as gender or food security, there is no dedicated UN
intergovernmental body for water endorsed by UN Member States. Such a body is needed in order
to deal with water in a comprehensive and integrated manner at the political level within the UN.
The Netherlands amongst a growing number of countries is convinced that there is a need to reform
the international institutional architecture for water, to make global water governance more
efficient, inclusive, and politically viable. This will have positive effects on the implementation of the
water related SDGs.
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Annex3: Summary Work in Progress workshop
For more information on the
(Monique.Berendsen@minienm.nl)

full

report,
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contact

Monique

Berendsen

From 7 to 9 September 2016, the Netherlands hosted a Work in Progress Workshop to discuss the
monitoring process of the Water SDGs in the framework of GEMI. The aim of the meeting was to
discuss (1) whether the Proof of Concept process is on track, (2) share feedback and discuss the
proposed methods and indicators, and (3) identify which additional actions need to be undertaken in
the context of the Proof of Concept activities. The workshop also provided a good occasion for the
Proof of Concept countries present to exchange pilot country experiences and share updates on the
national processes and data that is already being gathered. The workshop provided a platform where
both GEMI and POC representatives could discuss struggles as well as opportunities in an open
manner.
Present at the workshop were the Dutch indicator coordinators, representatives of GEMI-Target
Teams from UN organisations, key representatives of all Proof of Concept countries and experts from
the Netherlands and abroad. The workshop was organised by the Netherlands Ministry of
Infrastructure and Environment, supported by the Netherlands IHP-HWRP Committee, the German
IHP-HWRP Committee, and UNESCO-IHE. The GEMI team of UN Water and UNESCO-IHP as liaison of
the Netherlands for GEMI provided input in the design of the programme.
On the first day the SDG indicators 6.3.1, 6.3.2, 6.4.1, 6.4.2, 6.5.1, 6.5.2, 6.6.1, and indicators in target
11.5 were discussed separately during break-out sessions. Although 11.5 is not part of GEMI, the
Netherlands takes special interest in this target since it deals with water-related disasters, and was
therefore also discussed in the workshop. These sessions resulted in detailed feedback on the
proposed methodologies for each GEMI indicator, including insights in the struggles and achievements
of the separate Proof of Concept countries concerning these indicators. For some indicators additional
data was discussed that could be suitable for the ladder approach.
During the second day, insights were gained in the lessons learned during the GEMI Proof of Concept
implementation process from the perspective of Peru, Uganda, Senegal, the Netherlands and Jordan.
How well could they relate to the challenges heard from colleagues; which specific challenges did they
need to have clarified or did they see in the future; what role could they as Proof of Concept Countries
play in the region?
Time was then dedicated to discuss how the experiences of the POC countries can benefit the further
implementation of GEMI. These questions were; how do you make monitoring for SDG6 useful for
policy; how do you build intersectional communication and what institutional arrangements are set
up to facilitate this; what kind of technical support would be needed for base line reporting; and how
do we get political support from countries for monitoring SDG6?
Eventually, all data provided, including data from SDG6, needs to be disaggregated by income, gender,
age, race, ethnicity, migratory status, disability, geographic location and other characteristics relevant
in national contexts. This was discussed by members of UN WWAP, GEMI, and Netherlands Statistical
Bureau. The discussion was especially relevant since gender disaggregation is only explicitly
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mentioned in indicator 6.5.1, and options are not clear on how to implement it into the other
indicators.

The last day was used to discuss and define next steps for GEMI and the Proof of Concept countries.
This was done in groups separated by country, where follow up steps were defined for the next month
until upcoming year. The presentation on the SDG synthesis report resulted in a lively discussion which
showed the importance of a well-balanced and useful report, even though the process has just started.
Some main messages and remarks were mentioned several times during the workshop and are thus
important to highlight:
 First of all, the indicators were often stated to be UN indicators, while they have been decided
upon globally. It was requested to start talking about we, and stop using them and us.
 A general conclusion was that SDG data need to support policy and operations at a country
level otherwise collecting the data is a waste of time. The way that it is used needs to be
worked out at a country level however. ‘Not collecting data for data, but data for policy’.
 It was stressed that the SDGs are not management tools, but management tools will grow
from them at a country level.
 Reporting was another point of discussion, which showed the problem of not knowing how
often to report in what fashion.
 The methodologies furthermore showed some terminology issues, which showed that they
were not universally understood and that clear definitions are needed.
 A discussion started on including innovations and testing new technologies. Certainly not
everybody agreed, mentioning that it should be kept in mind that validation is not the goal of
the SDGs.
 Remote sensing as a source of data was regularly proposed, and often the question arose
whether to offer the possibility for countries to use it, or add it to the data delivered by the
countries to the UN.
 It was also remarked that the indicators give little feedback to policy makers on how to adjust
policies and activities. This needs to be adjusted in the methodologies.
 Finally, it was mentioned and agreed upon that integration of the indicators under SDG 6 is
key.
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