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Preface 
 
 
This report deals with the need for a general NBS (nature-based solution) documentation tool 
consisting of 'data structure' that allows asset managers to register useful and necessary 
information of NBS. The data structure presented in this guideline should be adaptable to 
different NBS types and allow multiple benefits to different actors/stakeholders depending 
on their specific interests on the subject. This guideline also provides a few examples of 
sensors applications and application of data structure for two Klima 2050 pilots and a 
commercial, prefabricated NBS product. 
 
Klima 2050 - Risk reduction through climate adaptation of buildings and infrastructure is a 
Centre for Research-based Innovation (SFI) financed by the Research Council of Norway 
and the consortium partners. The SFI status enables long-term research in close collaboration 
with private and public sector, as well as other research partners aiming to strengthen 
Norway's innovation ability and competitiveness within climate adaptation. The composition 
of the consortium is vital in order to being able to reduce the societal risks associated with 
climate change.  
 
The Centre will strengthen companies’ innovation capacity through a focus on long-term 
research. It is also a clear objective to facilitate close cooperation between R&D-performing 
companies and prominent research groups. Emphasis will be placed on development of 
moisture-resilient buildings, stormwater management, blue-green solutions, measures for 
prevention of water-triggered landslides, socio-economic incentives and decision-making 
processes. Both extreme weather and gradual changes in the climate will be addressed. 
 
The host institution for SFI Klima 2050 is SINTEF, and the Centre is directed in cooperation 
with NTNU. The other research partners are BI Norwegian Business School, Norwegian 
Geotechnical Institute (NGI), and Norwegian Meteorological Institute (MET Norway).  
 
The business partners represent important parts of Norwegian building industry; consultants, 
entrepreneurs and producers of construction materials and technology: Skanska Norway, 
Multiconsult AS, Mestergruppen Arkitekter AS, Norgeshus AS, Leca AS, Skjæveland 
Gruppen, Isola AS and Powel AS. The Centre also includes important public builders and 
property developers: Statsbygg, Statens vegvesen, Jernbanedirektoratet and Avinor AS. Key 
actors are also Trondheim kommune, The Norwegian Water Resources and Energy 
Directorate (NVE) and Finance Norway.  
 
 
 
 
 
 

Trondheim, 5th of November 2019 
 
 

Berit Time 
Centre Director 

SINTEF Community 
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Summary 
 
 
Nature-based solutions (NBS) can be found in many forms and variations that make 
information of specific aspects connected to them are difficult to populate. As an asset, NBS 
should be managed properly right from the beginning of planning, design, and construction 
process, up to the operation and maintenance phase. On the other hand, decision-making in 
asset management of water-related infrastructures depends strongly on the available data on 
the assets' characteristics and operation and maintenance (O&M) activities. Thus, the need for 
a general NBS documentation tool consisting of 'data structure' that allows asset managers to 
register useful and necessary information of NBS, is of paramount importance.  
 
The data structure presented in this guideline should be adaptable to different NBS types and 
allow multiple benefits to different actors/stakeholders depending on their specific interests on 
the subject. The data structure should also be flexible to account for a 'system solution' i.e. to 
assess the combined effects of two or more NBS in parallel or serial arrangement. 
 
Installation of sensors can improve monitoring of NBS performance and status in a more 
quantitative way. This would also contribute to asses necessary maintenance action and/or 
rehabilitation of NBS during its operation period. However, NBS promises low cost of 
construction, operation and maintenance and sensor installation may contribute a significant 
amount of expenses/investment and possible operational costs. Hence, a careful consideration 
of sensor type(s) and monitored parameter(s) must be taken if NBS type of installation is to be 
equipped with sensors and to what extend these sensors are beneficial in supporting the 
operation of NBS. This guideline provides a few examples of sensors applications and 
application of data structure for two KLIMA2050 pilots and a commercial, prefabricated NBS 
product.  
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1 Introduction 
 

1.1 The need for documentation of nature-based solutions  
 
Nature-based solutions (NBS) use the features and processes of a natural complex system such 
as their ability to store carbon and regulate water flow to achieve desired outcomes e.g. reduced 
disaster risk, improved human well-being and socially inclusive green growth. NBS are ideally 
energy-efficient, resource-efficient and resilient to change, but to be successfully implemented 
they must be adapted to local conditions and must undergo proper planning, design, operation, 
and regular maintenance activities.  
 
NBS can be found in many forms and variations that make information of specific aspects 
connected to them are difficult to populate. As an asset, NBS should be managed properly 
right from the beginning of planning, design, and construction process, up to the operation and 
maintenance phase. On the other hand, decision-making in asset management of water-related 
infrastructures depends strongly on the available data on the assets' characteristics and 
operation and maintenance (O&M) activities. Thus, the need for a general NBS documentation 
tool consisting of 'data structure' that allows asset managers to register useful and necessary 
information of NBS, is of paramount importance. This data structure should be adaptable to 
different NBS types and allow multiple benefits to different actors/stakeholders depending on 
their specific interests on the subject. The data structure should also be flexible to account for 
a 'system solution' i.e. to assess the combined effects of two or more NBS in parallel or serial 
arrangement. 
 

1.2 Purpose of the guideline 
 
This guideline presents a standard NBS data structure in a form of a documentation tool that 
allows a step-by-step way to present specific information about an NBS installation with some 
examples of its implementation as a stand-alone unit or in combination with more NBS.  
 

1.3 Who should use this guideline? 
 
The NBS documentation tool is applicable for a broad spectrum of users. The following 
benefits for different actors, but not limited to, can be foreseen: 
 
- For owners: The data structure should allow direct comparison of NBS alternatives one 

wishes to implement. In addition, the data structure can be used as a check list to know 
details required in each phase of NBS implementation, from planning to operation and 
maintenance phase. 
 

- For planners and constructors: Even if NBS is designed as a simple construction, it still 
requires careful planning and construction to meet its design requirements. The data 
structure would provide planners and constructors with a list of considerations, not only 
to controlling water quality, improving water quality, but also providing opportunities for 
realizing co-benefits, amenity and improving biodiversity. 
 

- For technology suppliers: The data structure provides a clear guideline for type of 
information necessary to present for their potential customers and for certification 
purposes. The data structure can be also viewed as a growing working document for their 
products as more information may be added as experience from previous implementation 
is recorded. The benefit should extend beyond producers of NBS, but also other business 
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niches that have interests in NBS implementation. For example, IT companies that provide 
development of databases. The data structure should give a standardized format of 
information to show in their databases.  
 

- For authorities: The data structure should allow an easy way to assess the expected 
performance of NBS, for example to achieve a certain discharge volume or to assess 
implementation of NBS required to mitigate the impact of climate change/ extreme 
weather events. 
 

- For certifying bodies: The data structure should allow a structured assessment of an NBS 
product and standardization of necessary features of NBS. 

 
 

  



D o c u m e n t a t i o n  t o o l  o f  n a t u r e - b a s e d  s o l u t i o n s  –  a  g u i d e l i n e  

 10 

2 NBS documentation tool 
 

2.1 Main features of the data structure 
 
Table 1 show the main features of the data structure in the NBS documentation tool. In total, 
there are eight types of information required in the data structure and each has its own specific 
elements to be provided by the actors as will be specified in the following sections. The main 
features are categorized into 8 main items and further divided into different types of 
information. The specific elements of information listed in 'Documentation required' column 
for each type of information are divided into two type of elements: standard elements and 
solution specific information. Standard elements are considered those that are common for all 
types of NBS, while solution specific information depends on the type of NBS in question. 
Detail description of each element is given in the following sub-chapters.  
 
It should be noted that even though the data structure was developed in close collaboration 
with KLIMA 2050 industrial partners, it is still a subject for future modifications. 
 

Table 1.Main features of the data structure 

 
 

2.2 Name and type of NBS 
 
NBS's name and type are parts of the general information that are firstly inquired in the data 
structure (Table 2). The name can refer to a specific product of the NBS in cases where the 
NBS solution is a prefabricated/purchased commercial solution but can also be a generic name 
preferred by the stakeholder filling in data in the NBS documentation tool. There is, however, 
a need to standardize the types of NBS for a better classification, since one solution may be 
referred to as several names depending on the reference used for classification. The list of NBS 
types available in OVASE (www.ovase.no) is used as reference in the documentation tool to 
ensure coherency with the other tasks in KLIMA2050. 
 

Table 2 General information of the NBS solution/product. 
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2.3 System description 
 
NBS is mainly designed to manage water quantity. Detailed descriptions of the solution related 
to achieving the main goal of NBS shall be provided in the data structure. There are a number 
of specific information required that include the dimension of the NBS solution, and the main 
features of the NBS i.e. volume, peak flow, and flow exceedance control of the NBS. These 
four elements are thought essential since the main goal of NBS is in general stormwater runoff 
volume reduction. 
 
Information on NBS dimension shall be given in highest possible details. This includes any 
NBS specific parameters such as peripheral systems (i.e. sublayers, underdrain, etc.). Inlet and 
outlet are essentials for NBS to control the volume retention and rate of discharge flowing in 
and out of the NBS. Thus, detail information about the levels and correct installation is 
particularly important to fulfill the design requirements. 
 
Since the runoff volume from NBS can be as damaging to downstream flood risk as peak flow 
rates, it is necessary to ensure the runoff volume discharged during extreme events are also 
controlled. This dictates that the runoff volume from a site with NBS should not exceed that 
of without NBS. The control system shall be explained adequately in the data structure. 
 
Peak runoff rates from the site during rainfall events is likely to be significant for the capacity 
of receiving sewer/water bodies. This as well shall be constrained to the runoff from that of an 
undeveloped site and shall be recorded in the data structure. 
 
NBS should be fully protected against flooding from the drainage system. Thus, higher return 
periods should be specified for the exceedance flow. Information on exceedance flow control 
(return period used in the calculation of drainage, drainage system, etc.) shall also be given in 
good details.  
 

Table 3 Specific description of the system. 

 
 
 

2.4 Planning phase 
 
The inclusion of planning phase in the documentation tool is meant to record information about 
the site, its design and physical constraints that can help avoid NBS operation challenges. 
General NBS site information such as accessibility, drainage management, equipment and skill 
required for maintenance shall be explained adequately. Information about project phasing can 
be of benefit especially if the NBS is built in the same period as other construction works at 
the same site.  
 
Selection of site for NBS is of paramount importance. Since NBS focuses mainly on managing 
the water quantity, information about existing water systems/courses/drainage is needed. In 
extreme events water can flow directly onto the NBS site and, hence, prevention measures 
shall be in place and explained adequately.  
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Specific issues related to the type of NBS built shall also be mentioned and identified in the 
data structure. For example, getting the right materials for the NBS and possible substitution 
if applicable, infiltration potential of the site and risk of increase groundwater table owing to 
infiltration from the NBS, existing water system/courses around the NBS site, are some of the 
planning aspects that may impact the performance of the NBS. 
 

Table 4 Documentation required in planning phase. 

 
 
 

2.5 Design phase 
 
The type of information in the design phase (Table 5) required in the data structure is related 
to the general functionality of the NBS. There are three aspects of NBS functionality that are 
covered in the data structure, i.e. aspects related to water quantity and quality management, 
and expected co-benefits gained from applying the NBS.  
 
The hydraulic design of NBS including the control systems for peak flow, volume, and 
exceedance flow shall be registered and explained. Water quality coming out of NBS should 
not deteriorate and, moreover, NBS is reckoned to exert a certain degree of capability to 
improve the water quality. This is particularly relevant for NBS that handle surface runoff 
from urban areas (e.g. streets, highways, roofs, etc.). Any expected impacts on water quality 
shall be mentioned in the data structure. 
 
Co-benefits are an additional aspect offered by NBS over the other stormwater solutions in 
urban areas. The data structure lists a number of known co-benefits of applying NBS such as 
multi-function use of space, reduction of heat-island effect. Other co-benefits that may be 
solution dependent may also be registered.   
 
NBS promises a robust yet economical solution for stormwater management. Therefore, cost 
element of NBS construction should be indicated. Additional costs related to operation and 
maintenance of NBS shall be assessed from the design stage and be part of consideration of 
choosing any particular NBS.  
 
The NBS is expected to fulfill its functionality in a certain lifetime. Maintenance program is 
meant for ensuring that the NBS can comply with the design goal or expected performance. 
Installation of sensors and data management are two aspects that can improve operation and 
maintenance of an NBS. With recent development, these two aspects are included in the data 
structure and should be part of consideration in the design stage of NBS. On one hand, choice 
of sensors depends on the goal of their application and maybe solution specific. On the other 
hand, sensors and data management can add up to the cost element of NBS. Thus, installation 
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of the right sensor(s) to monitor the right parameter(s) is utmost beneficial. The discussion on 
sensors and parameters to monitor is presented in Chapter 3 of this guideline. 
 

Table 5 Documentation required in the design phase. 

 
 
 

2.6 Operation phase 
 
Table 6 presents the elements of data structure for operation phase. Information on regular 
inspection regime shall be provided. This includes different type of actions necessary to keep 
the operation of NBS at expected level. Frequency of these actions, procedure that must be 
followed, and contact/responsible person shall be stated clearly. Regular inspections, however, 
should include simple and uncomplicated actions, and the list of actions should not be too 
extensive and aimed at preventive measures to keep the NBS performance at expected level.   
 

Table 6 Documentation required in the operation phase. 
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Data collection from the operational phase of NBS is beneficial to assess the status and how 
well the installation is performing. The data can be used to better decide timely maintenance 
actions, whether it is regular or remedial maintenance that will be discussed in the preceding 
section. Diary function is something that can be of great benefit. The diary function should 
record/register any anomalies, changes, modifications, and/or actions done on NBS as such a 
complete history/record of actions is available should there be any problem occur in the future 
requiring information recorded.  
 

2.7 Maintenance phase 
 
In this guideline, the maintenance phase is characterized by two different types of actions 
(Table 7): regular maintenance and remedial actions. Regular maintenance requires more 
specific actions after a certain period of operation. Such actions are more elaborate compared 
to those of regular inspections, but also aimed at preventive measures to keep the level of NBS 
performance at expected level. On the other hand, remedial action deals with major actions 
aimed at correcting any faults and restoring the NBS performance closest to its design value. 
This also includes replacement/installation of NBS 'spare parts' if necessary. Consequently, 
remedial actions shall be executed by specialized/trained personnel in opposed to actions in 
regular inspection or maintenance that do not necessarily impose the same requirement. 
 
For prefabricated NBS, user's manual from the technology provider can be a good reference 
for the type of maintenance actions needed. The SuDS Manual from CIRIA 
(https://www.susdrain.org/resources/SuDS_Manual.html) provides an extensive collection of 
various types on NBS that are not necessarily prefabricated and, thus, can also be used as an 
excellent reference for the non-prefabricated ones.  
 

Table 7 Documentation required in the maintenance phase. 

 
 

2.8 Additional reference 
 
The last section in Table 7 refers to additional sources of documentation, for example scientific 
publications, brochures, standards, certification documentations, or any other types of 
document that may contain supporting information about the NBS.  
 

2.9 Combined solutions 
 
There are cases in which multiple NBS are installed/built in an area, whether in serial or 
parallel arrangement. In such cases, not only the overall performance out of this combination 
be an issue, but also the operation and maintenance of these NBS. The data structure shall 
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include the overall impact of such a combination. Table 8 depicts the suggested appearance of 
the data structure with two combined NBS. The additional column should assess the expected 
combined effect that takes into account the type of arrangement these NBS have (parallel or 
serial).  
 
The assessment of overall impact from NBS in series/parallel arrangement may initially be 
qualitative. As experience grow, such an assessment can be more quantitative. Involvement of 
modeling software that enables calculation of the overall impact is of highly relevant for this 
context.  
 

Table 8 Documentation required for the combined system. 
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3 Some considerations about use of sensors 
 
Application of sensors in NBS has been a focal point of discussion in recent years and is related 
to hot topics or buzzwords such as digitalization, internet-of-things, smart cities, integrated 
water management, etc. Information and communication technologies (ICT) can have a strong 
supporting role on development of NBS, for example inclusion of geographic information 
system, environmental data analysis, mobile phone apps for monitoring, planning and better 
management of NBS. Sensors, as an integral part of ICT, can also help measure the 
environmental impact of NBS compared to the more traditional solutions through a right data 
analysis. Sensors can also generate social benefits by raising/advocating general public 
awareness of NBS in solving urban problems through citizen projects and/or community-led 
urban development. 
 
As discussed in Section 2.5, installation of sensors can improve monitoring of NBS 
performance and status in a more quantitative way. This would also contribute to asses 
necessary maintenance action and/or rehabilitation of NBS during its operation period. 
However, NBS promises low cost of construction, operation and maintenance and sensor 
installation may contribute a significant amount of expenses/investment and possible 
operational costs. Hence, a careful consideration of sensor type(s) and monitored parameter(s) 
must be taken if NBS type of installation is to be equipped with sensors and to what extend 
these sensors are beneficial in supporting the operation of NBS. 
 
There are examples of various sensor applications for NBS in the literature as summarized in 
Table 9. The current list is far from extensive, but written materials (reports, publications, 
guidelines) are also abundantly available for the other NBS types. It is most important to 
understand that these applications are very much dependent on the aspects/parameters of NBS 
to monitor and are solution specific (depending on the type of NBS). The links provided for 
each example provide good details of the sensor types and installation which allow users of 
this guideline to evaluate the sensor(s) needed.   
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4 Solution specific data 
 
Each category in the data structure indicates 'solution specific issues' or 'solution dependent' 
type of information. Indeed, there are certain aspects of planning, design, operation and 
maintenance that require specific attention depending on the type of NBS applied. This 
guideline uses the SuDS Manual from CIRIA (https://www.susdrain.org/resources/SuDS 
_Manual.html) [Woods et al. 2015] as a starting point of reference for such documentation 
owing to the excellent level of details given and the extensive list of NBS covered by the 
Manual. For prefabricated NBS products, the list of solution specific/dependent issues may be 
available in a much greater detail.  
 
Table 10 lists some solution specific issues from planning to operation and maintenance phase 
of six NBS types extracted from CIRIA SuDS Manual. A specific column is also dedicated to 
'important/critical parameters' that are relevant for design and/or operation and maintenance 
of NBS. Specific values that are recommended for each parameter are available in the Manual, 
but inclusion of such values is beyond the scope of this guideline.   
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5 Examples of data structure application 

 
This chapter presents three examples of implementation of the data structure on two existing 
KLIMA2050 pilot plants and a commercial product from StormAqua (ALMA Raingarden). 
The aim is to provide the users of this guideline with some concrete illustrations on how to fill 
up the form and what information to include. 
 

5.1 KLIMA2050 Pilot Høvringen – Greyroof 
 

Table 11.Data structure applied to KLIMA2050 Greyroof Pilot in Høvringen 
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Table 11.Data structure applied to KLIMA2050 Greyroof Pilot in Høvringen (continued) 
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5.2 KLIMA2050 Pilot Høvringen – Greenroof 
 

Table 12.Data structure applied to KLIMA2050 Greenroof Pilot in Høvringen 
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Table 12.Data structure applied to KLIMA2050 Greenroof Pilot in Høvringen (continued) 
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5.3 ALMA Raingarden – STORMAQUA 
 

Table 13.Data structure applied to ALMA Raingarden  
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Table 13.Data structure applied to ALMA Raingarden (continued)  
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