
  PULSAQUA - Products  

ASSESSING CITIZEN SCIENCE INITIATIVES  
CASE STUDY: MONITORING PLASTICS IN RIVERS 

Vince van ‘t Hoff, Sandra de Vries 

PULSAQUA, partner of the CS platform WaterLab  

27-10-2020 

In cooperation with Rijkswaterstaat, Hogeschool Rotterdam, Zeeland University of Applied Sciences 

 

INTRODUCTION TO THE CASE STUDY 

We studied the case of monitoring plastics in Dutch water basins. In the last decade, the pollution caused by 

plastics in our environment has received more and more attention. First the focus was towards a so-called plastic 

soup within our oceans, but research shows that a great portion of these plastics originate from the rivers 

flowing into the ocean. In the European Union there are hitherto no policy directives targeting plastic pollution 

in rivers. However, the Dutch Directorate-General for Public Works and Water Management Rijkswaterstaat 

(RWS), is developing a roadmap towards monitoring solid wasted including plastics, to obtain insights in the 

behaviour and quantities of plastics passing through Dutch water systems towards the ocean. In doing so RWS 

aims to cooperate with the many initiatives that are already involved in monitoring plastics in the Dutch water 

system.  

These monitoring initiatives are truly diverse, as can be seen in Figure 1 below. Many of these initiatives make 

use of Citizen Science (CS), a research methodology where volunteers from the public are involved in the 

monitor, mainly in collecting data on plastics at riverbanks. As can be seen, the initiatives have both spatial and 

temporal diversity, and use different measuring methodologies resulting in diverse information about the 

distribution and quantities of plastics in the Dutch water basins.  

 

 

Figure 1 Classification of monitoring plastic litter in Dutch water systems. Taken from de Vries & van 't Hoff (2020) 
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TRADE-OFFS FOR APPLYING CS METHODS  

CS is seen as an innovative research method to monitor the Dutch water basins. There are many different 

advantages of CS, such as increased spatial coverage, increased interaction with civilians, positive changes in 

attitudes and behaviour, openly available data, awareness raising and possibly cost benefits in resource scarce 

settings. However, there are also drawbacks such as the uncertainty concerning the reliability of data collection, 

and concerns for replicability, completeness, and comparability. It is hard to quantitatively address these 

advantages and drawbacks. That makes it hard to provide insight into the trade-offs for applying CS methods 

and how to design a good CS method. How do advantages and drawbacks relate to each other within a CS 

initiative between differently designed CS initiatives?  

VALUATING CS INITIATIVES  

We suggest assessing these advantages and disadvantages of CS initiatives by means of a multi-criteria 

analysis (MCA) and to include a cost-benefit analysis (CBA). An MCA is a tool to assess trade-offs in a quantified 

way without putting a monetary value on criteria. A CBA is a monetary valuation tool which includes not only 

the costs and benefits aggregated to the organization, but also towards the wider society. The outcome is the 

net present value (NPV). The NPV describes how the costs and benefits are related to each other and if an 

alternative provides net benefits to society or if it costs more than it yields. 

In an MCA, the advantages and drawbacks are reflected by criteria. The different alternatives are scored 

according to these criteria, based on the objectives of the assessment. They can then be assessed and compared 

using these scores. Based on the scores that the different alternatives get for each criterion, it is reflected which 

trade-offs are to be expected when comparing CS initiatives. Usually also a weighing procedure takes place to 

finalize an MCA, because not all criteria are viewed as equally important. In this case study we could not apply 

this step (yet) because of time constraints. 

The tool follows several steps. Within the tool we first describe the decision-making context and the objectives 

of the CS assessment. Thereafter, we list the different alternatives which are assessed to see if they reach the 

objective. Thereafter it shows the (possible) criteria on which the scoring and weighing of the alternatives is 

based. The criteria must reflect the objectives, and sometimes it is an iterative process to decide upon these 

criteria. In the next step, the scoring of the criteria for the alternatives takes place, to enable its final step, the 

weighing. Important is that weighing the criteria must reflect the wider considerations and not only the 

considerations of the users of the tool. Therefore, the weighing will be done based on the combined opinion of 

the developer, the decision-maker, and include the opinions of stakeholders. Finally, the weighing is not used 

to come to a single score for an alternative. Decisions cannot be based on just one overall score because the 

added benefit of an MCA is to show outcomes of different criteria based on transparent assumptions. The CBA 

is integrated in the MCA tool as part of the step Criteria. The steps are shown in Figure 2 below. 

 

  

1. The 
decision 
context

2. The 
different 

alternatives

3. The 
criteria

4. The 
scoring 

outcomes

5. Weighing 
of criteria

Figure 2 The process of developing an MCA 
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APPLYING THE TOOL TO THE  

In order to develop and test this tool, two CS initiatives and one alternative initiative were assessed. The case 

study uses information retrieved from 5 different interviews with lead contacts from the different initiatives, 

literature research and internal discussions/brainstorms. The data provided includes (expected) project data for 

7 years. The alternatives have been renamed according to the measuring methodologies they apply. 

Step 1 of the MCA describes the decision-context. The outcomes highlight that there are uncertainties 

concerning the objectives of the monitor (see Figure 3). This is partly due to the absence of EU policy and partly 

because the monitor is in the early stages of development. Figure 3 demonstrates the different characteristics 

of the monitor depending the location within the river cross-section. Since the CS initiatives that we are 

considering focus on riverbanks, the column outlined in red is used in the following steps. Generally, the 

objective is to count the numbers of plastics and define the plastic composition.  

Step 2 describes the alternatives. The three different alternatives which are compared are the CS-OSPAR, CS-

alternative and RWS-OSPAR. The CS-OSPAR is a CS initiative which applies the OSPAR methodology. The CS-

alternative also applies citizen methods but uses its own methodology to measure quantities and map 

distribution of plastics. The RWS-OSPAR is a currently non-existent monitor. It is developed based on non-CS 

research methodology. This entails that professional staff will carry out the monitoring practices, applying the 

OSPAR measurement methodology. 

Characteristics Surface Riverbanks Water column

Spatially

Entering points Rhine and 

Meuse Netherlands, outflow 

into estuaria and oceans

Entering points Rhine 

and Meuse Netherlands, 

outflow into estuaria 

and oceans

Entering points Rhine 

and Meuse Netherlands, 

outflow into estuaria 

and oceans

Locations

Inflow in the Netherlands 

and outflow into estuaria 

and oceans

Along the Rhine and 

Meuse rivers

Inflow in the 

Netherlands and outflow 

into estuaria and oceans

Temporal ? 2 times a year ?

Measurement focus
flux, in- outflow + plastic 

composition

Hotspots/plastic 

composition

Plastic composition + flux 

+ mass?

Measurement units
Plastics per time/area, mass 

of plastics

Plastic characteristics: 

mass?, type of plastic 

and product

Plastic characteristics: 

fraction, type of plastic 

and product

Research technique
Professional research + 

Citizen Science
Citizen Science Research Professional Science

Measuring techniques

Visually, sensors, camera's, 

underwater drones, 

satellites, bubble screens, 

waste collectors

Use of CS and reference 

measurements
Sensors, fikes, trawls

Aggregation data

Locally for spatial-temporal 

analysis, national for 

number of plastic, in- and 

outflow

Locally for spatial-

temporal analysis, 

national for number of 

plastic, in- and outflow

Locally for spatial-

temporal analysis, 

national for number of 

plastic, in- and outflow

Information file Excel file and GIS Excel file Excel file

Online data bank in DONAR in DONAR DONAR

Approximate monitor objectives of RWS 

Figure 3: Monitoring goals 

https://www.ospar.org/ospar-data/10-02e_beachlitter%20guideline_english%20only.pdf
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In step 3, the criteria are developed. The criteria on which the alternatives are scored can be found in Table 1. 

 

As can be seen, six main criteria have been identified. Four of these criteria are included in the CBA, namely 

criteria 1 to 4. These criteria can be expressed in monetary terms. Criterium 5 describes the data quality and 

consists of three sub-criteria: measurement quality, spatial distribution of the monitor, and the temporal 

distribution of the monitor. It must be noted here that data quality refers to how the data reliability is viewed by 

the initiatives themselves and is not a proven fact. The sixth criterium measures engagement and is sub-divided 

into direct- and indirect engagement. Figure 4 below demonstrates the viewed hierarchy of the criteria.  

 

 

  

 

Criterium Measurement 

1. Costs of the monitoring program Euros per year (part of CBA) 

2. Benefits of use of citizen science Euros per year saved (part of CBA) 

3. Waste taken out of the river Euros saved per kilo of waste taken out (part of 
CBA) 

4. Aesthetic value of a clean river In euros per kilo of waste (Part of CBA) 

5. Data quality Measurement quality on a scale from none – 
high 
Spatial distribution 
Temporal distribution 

6. Engagement Number of public involved 

a. Direct engagement Citizens participating 

b. Indirect engagement Number of followers on (social) media and 
website clicks 

c. Indirect engagement Number of workshops/activities organised and 
number of people joining 

Table 1: The criteria 

Objective 

Costs 

Cost of 

the 

project 

(CBA) 

Benefits 

Citizen 

science (CBA) 

Waste 

uptake 

(CBA) 

Aesthetic 

value of a 

clean river 

(CBA) 

Engagement 
Data quality 

Direct: Citizens involved 

in monitoring 
Indirect 

engageme

Workshops and 

activities + amount 

of people 

(Social) media 

presence 

Figure 4 The different criteria of the MCA and their hierarchies 

Measurement 

quality  

Spatial 

distribution  

Temporal 

distribution 
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Step 4, the outcomes of the MCA are shown in Table 2 on the next page. There are many differences between 

the three alternatives. They are almost never lumped together which shows that they have their own strengths 

and weaknesses in several aspects. Especially with regards to the choice between applying CS methods or not, 

the tool enables a comparison. The most important results that can be drawn are highlighted by a red circle. 

They highlight specifically the trade-offs that exist for applying CS methods to monitor plastics in Dutch water 

basins. 

RWS-OSPAR is particularly strong when it comes to the data. Data is open source, it has temporal continuity, 

and it has a high overall data quality. It scores less good concerning the costs and engagement criteria. The NPV 

of the RWS-OSPAR is -€6.600 which means that the costs outweigh the benefits after a 7-year monitoring 

period. The CS-alternative never reaches the ultimate score for any of the criteria. It scores relatively well in 

costs and in open sourced data. However, data quality is relatively low as is the temporal and spatial distribution. 

Finally, CS-OSPAR scores well with an NPV of €3.600, meaning that the use of the CS-OSPAR brings more 

benefits than costs. In addition, it scores well on spatial distribution and engagement. However, it scores lower 

with regards to data quality and availability, and temporal continuation. The scores of the different criteria 

reflect the trade-offs very well. The table reflects clearly where the trade-offs are, namely between the ‘data 

quality’ versus the ‘cost-effectiveness’ and ‘the engagement’. CS initiatives score better on the latter two while 

the RWS-alternative scores better on first. Because there is no alternative who scores consistently better on all 

criteria, it is not possible to opt for one option. This illustrates the importance of weighing the criteria. 

TO CONCLUDE 

Citizen science is a commonly applied research method for monitoring. Its popularity is increasing and therefore 

there is the need to assess the usability of CS. Therefore, we have developed and tested a CS-assessment tool 

to assess the (dis)advantages of CS and to demonstrate its trade-offs. The tool is based on a combined MCA and 

CBA analysis. It can be used for assessing many CS initiatives, but here we showcased its use for CS monitoring 

of plastics in rivers. The CS assessment tool has the potential to obtain quantitative insights of CS 

alternatives and to investigate trade-offs. It also has the potential to show in what ways alternatives differ and 

how they might complement each other. It can highlight that all the initiatives have their own advantages and 

drawbacks, based on the chosen criteria which reflect these advantages and drawbacks. By combining these 

criteria, the tool shows in a clear overview how the trade-offs are distributed and how they differ between the 

initiatives.  

In conclusion, the benefit of this tool is to show visually and quantitatively what the advantages and 

drawbacks are of applying CS and comparing between different CS designs. It illustrates the trade-offs and 

provides the possibility to compare options.  

 

 

Background on the development of the tool 

This is the product document describing the tool Vince van ‘t Hoff developed for his internship with PULSAQUA. This 

internship is part of the master program Environmental Sciences with a specialization in Environmental Economics and 

Natural Resource Management at the Wageningen University & Research (WUR). PULSAQUA is part of the WaterLab, a CS 

platform at the TU Delft. He was involved in the project National PlasticWatch which focuses on developing a monitor based 

on innovative tools and methods such as Citizen Science to monitor plastics in rivers. This policy document is written for 

project partners and others working in the field of citizen science and plastics in rivers and for those who are interested in 

the developed tool. For questions on the report get in touch with Vince van ‘t Hoff (vince.vhoff@gmail.com) and for the tool 

get in touch with Sandra de Vries (sandra@pulsaqua.com). 

  

http://www.pulsaqua.com/
https://www.tudelft.nl/scd/waterlab/
https://www.tudelft.nl/scd/waterlab/doe-mee-aan-onderzoek/project-6-nationale-plasticwatch/
mailto:vince.vhoff@gmail.com
mailto:sandra@pulsaqua.com
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Element Sub-element Range 

Data quality 
Total number of 

observations 
0 

  
2500  

 Measurement quality None 
 

High 

 
Temporal continuation 

of measurement 
trajectories 

Low 

 

High 

 Spatial distribution Low 
 

High 

Cost-benefit 
analysis 

NPV €-150,000 

 

€2,000,000 

 NPV per observation €-7,000  €4,000 

 Average costs per 
observation over 7 years 

€100 

 

€1,000 

 Waste disposal 0 kg 
 

20,000 kg 

 Tourism revenue saved €0 

 

€10,000 

Engagement Direct engagement 0 

 

5000 

 Indirect engagement 0 
 

1500 

Open-source 
data 

Free availability of the 
data 

No  Yes 

Table 2 The decision-matrix. The blue color represents the RWS-OSPAR, the orange color the CS-alternative and the green color the CS-

OSPAR. 


