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Reducing the finance gap for nature-based solutions with 
time contributions 

Liselotte C. Hagedoorn *, Mark J. Koetse, Pieter J.H. van Beukering, Luke M. Brander 
Institute for Environmental Studies (IVM), Vrije Universiteit Amsterdam, the Netherlands   

A R T I C L E  I N F O   

Keywords: 
Finance gap 
Nature-based solutions 
Stated preferences 
Willingness to contribute time 
Systematic literature review 

A B S T R A C T   

Nature-based solutions (NBS) to climate change and other environmental challenges face a well-documented 
shortfall in financing and resource allocation. Economic evaluations of NBS that apply stated preference 
methods increasingly use time contributions instead of the traditionally used monetary contributions, especially 
in developing countries. These studies have focused on measuring the benefits of NBS and have not investigated 
the potential of freely provided community time contributions to reduce the financial needs of NBS. In this paper 
we investigate this potential through a systematic literature review and an analysis of four datasets from case 
studies in Ghana and Vietnam that apply similar questionnaires and discrete choice experiments with time 
contributions. We study a range of (de)motivating factors to contributing time to NBS and provide examples on 
the extent to which time contributions could reduce financial needs of NBS in developing countries. The results 
indicate that time contributions from households for the implementation and maintenance of NBS are motivated 
by social capital and coping appraisal. Time contribution schemes are therefore more likely to succeed in 
communities where social capital and coping appraisal are high and could be increased or maintained over time 
through the preservation and fostering of both these factors. The analysis also reveals that implementing time 
contributions would in general not lead to the exclusion of specific socio-demographic groups in society, such as 
lower income households. Finally, using two specific projects in Vietnam as examples, we calculate that time 
contributions can reduce 29% and 44% of the financial needs of NBS by covering the projects’ labour re-
quirements. These results are of high importance to those working on NBS financing, awareness and behavior 
change campaigns, and practitioners that apply stated preference methods in developing countries.   

1. Introduction 

All over the globe, nature-based solutions (NBS) have increasingly 
gained interest from both scholars as well as decision-makers. The 
concept of NBS serves as an umbrella term for ecosystem-based adap-
tation (EbA), green infrastructure (GI), natural climate solutions (NCS), 
ecological engineering, and disaster risk reduction (DRR) (Dorst et al., 
2019; Seddon et al., 2020; Toxopeus and Polzin, 2021; Nesshöver et al., 
2017; Kabisch et al., 2016). The definition of NBS is often broad and 
allows for different interpretations (Nesshöver et al., 2017). Two main 
definitions of NBS are as follows. Cohen-Shacham et al. (2016) define 
NBS as measures that aim to protect, sustainably manage and restore 
ecosystems, thereby addressing societal challenges while simulta-
neously providing human well-being and biodiversity benefits. The 
European Commission defines NBS as actions which are inspired by, 

supported by, or copied from nature with the aim to help societies 
address a variety of environmental, social and economic challenges in 
sustainable ways (European Commission, 2015). Additionally, Dorst 
et al. (2019) identify four principles related to NBS: 1) nature in NBS 
may take many forms, 2) NBS are characterized by multifunctionality 
and a solution orientation, 3) NBS require holistic and integrative 
governance and planning approaches, and 4) NBS are location depen-
dent. In general, NBS are nature related measures that are envisaged to 
address sustainability challenges. 

A well-known example of NBS is the restoration of mangroves, which 
is often considered in the context of climate change adaptation. 
Mangrove restoration can result in increases in seafood abundance as 
well as provide coastal protection, which can lead to human wellbeing 
and biodiversity benefits and thereby address environmental, social and 
economic challenges (e.g. Tran and Fischer, 2017; Serafy et al., 2015; 
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Spalding et al., 2014; Alongi, 2008). Mangrove restoration mostly oc-
curs in rural areas of developing countries due to the geographical 
spread of this ecosystem. Another example of rural NBS is the adoption 
of sustainable farming practices. NBS in urban areas often target the 
restoration of urban water bodies or the development and management 
of urban green spaces (Kabisch et al., 2016; Hagedoorn et al., 2020). 
Previous studies have evidenced both the physical and cost-effectiveness 
of NBS (e.g. Reguero et al., 2018; Narayan et al., 2016; Ferrario et al., 
2014; Seddon et al., 2020; Toxopeus and Polzin, 2021) and evaluated 
NBS in comparison to conventional built solutions (Narayan et al., 2016; 
Duijndam et al., 2020). 

The implementation of NBS, however, faces a number of barriers 
including the challenge of obtaining sufficient financial resources 
(Toxopeus and Polzin, 2021; Nesshöver et al., 2017; Droste et al., 2017; 
Nalau et al., 2018; Ojea, 2015; Khan and Amelie, 2015). A substantial 
finance gap exists for the sustainable management of ecosystems and 
biodiversity and the ability to achieve related policy targets (e.g. Deutz 
et al., 2020; UNDP, 2019; IUCN, 2018; Credit Suisse, 2014), and ac-
cording to Deutz et al. (2020), funding would have to more than triple by 
2030 to close this finance gap. Currently, pools of potential financial 
resources only limitedly invest in NBS. For instance, only 1% of biodi-
versity conservation financing and less than 1% of total water man-
agement financing is currently directed towards NBS (Deutz et al., 2020; 
WWAP/UN-Water, 2018). In general, finance for NBS could come from 
public or private sources, including both companies and citizens (Tox-
opeus and Polzin, 2021). Public sources seem most logical due to the 
public good character of many NBS benefits, but in reality funding from 
national or local governments is difficult to mobilize, both in developed 
as well as developing countries (Toxopeus and Polzin, 2021; Bhattarai 
et al., 2021). This funding barrier relates to short-term decision-making 
cycles, decreasing or low staff and expertise, limited finances suitable for 
direction to NBS, and crossover of project responsibilities across 
governmental departments that are relevant to NBS projects (Toxopeus 
and Polzin, 2021; Bhattarai et al., 2021; Droste et al., 2017; Nalau et al., 
2018; Khan and Amelie, 2015). Especially in developing countries, NBS 
projects are currently often donor driven due to limited financial re-
sources and low priority from the government (Bhattarai et al., 2021; 
Khan and Amelie, 2015). Similarly, obtaining funding from companies is 
complicated by the long-term nature of NBS investments, externalities in 
terms of knowledge spill-overs, and lack of funding specifically targeted 
for NBS (Toxopeus and Polzin, 2021; Nalau et al., 2018; Ojea, 2015). 
Therefore, citizens’ contributions to NBS may serve as a suitable com-
plementary source for NBS finance, especially in developing countries 
where public finance availability is generally lower. 

Stated preference (SP) studies have become a common tool to value 
NBS benefits and investigate citizens’ willingness to provide contribu-
tions to NBS (Brouwer, 2008; Bockarjova and Botzen, 2017). SP studies 
are especially suitable for this purpose since they enable the valuation of 
non-marketed goods, such as coastal protection. In SP studies, re-
spondents are asked to make trade-offs between positive (negative) 
changes in the benefits provided by NBS and a payment (compensation). 
Although this payment is often monetary, SP studies in developing 
countries have increasingly used time contributions as an alternative 
payment. The main reason for this is that in developing countries, 
households may lack financial means and therefore they would be faced 
with trade-offs they cannot make through monetary payments (e.g. 
Hagedoorn et al., 2020; Gibson et al., 2016). Time contributions serve as 
the most common alternative payment and are usually defined as unpaid 
work spent on NBS, for instance through planting mangrove trees or 
clearing invasive species (e.g. Owuor et al., 2019; Rai and Scarborough, 
2015). 

Previous SP studies that employed time contributions did so with the 
aim to measure the value of NBS benefits in developing countries by 
converting time values to monetary values, after primary estimation (e. 
g. Hagedoorn et al., 2020; Tilahun et al., 2016; Casiwan-Launio et al., 
2011; O’Garra, 2009). The format in which survey respondents are 

asked for time contributions varies across the type of SP method. In 
contingent valuation (CV) studies, respondents are asked directly if and 
how much they are willing to contribute for a specified NBS project 
scenario that deviates from a benchmark or business-as-usual scenario 
(Johnston et al., 2017; Koetse et al., 2015). In discrete choice experi-
ments (DCE), respondents are asked to make repeated choices between 
multi-attribute descriptions of a good or service. The different attributes 
represent the effects of the NBS project, such as flood protection or 
erosion control and a required contribution (Johnston et al., 2017; 
Koetse et al., 2015). SP studies that implemented time contributions find 
that respondents generally prefer time contributions over monetary 
ones, as expressed by higher acceptance rates in CV studies (e.g. Girma 
et al., 2020; van Oijstaeijen et al. 2020; Alfredo and O’Garra, 2020) and 
higher willingness to pay (WTP) values in CV and DCE studies (e.g. 
Hagedoorn et al., 2020; Meginnis et al., 2020; Notaro and Paletto, 
2011). It has also been observed that some respondents may actually 
gain utility from spending time on environmental projects (Ando et al., 
2020; Hagedoorn et al., 2019). 

None of these studies has investigated time contributions as a solu-
tion to the financing problem for NBS in developing countries. However, 
NBS are often labour-intensive, especially the maintenance of ecosys-
tems via day-to-day labour, which furthermore plays an important role 
in the success of these projects (Ando et al., 2020; Shahrier and Kotani, 
2019). Concomitantly, insufficient involvement of citizens is often 
identified as a barrier to the implementation and success of NBS (Nalau 
et al., 2018; Kabisch et al., 2016). This raises the question of whether we 
can use the results of SP studies with time contributions to design 
finance and management plans for NBS in developing countries, in 
which the time that respondents state they are willing to contribute is 
used to cover the labour requirements and thereby reduces the financial 
needs of NBS. Moreover, citizens’ involvement in NBS may potentially 
increase project success as it strengthens community ownership and 
public support. Therefore, this type of time-based financing may prove 
to be especially suitable for community-based NBS that focus on public 
goods and fall under local government management. 

To enable the implementation of time contributions to NBS in 
developing countries, we need better understanding of the factors that 
determine the willingness to contribute time (WTCT) within local 
communities. Such factors may include demographic characteristics 
such as income and gender, as well as social capital and factors related to 
behavioural theory. 

Social capital commonly reflects social norms, trust and reciprocity 
and enables the achievement of collective goals related to environ-
mental management (Ostrom and Ahn, 2009; Pretty, 2003; Putnam, 
1995), such as community-based NBS that focus on public goods. Three 
types of social capital can be distinguished: bonding, bridging, and 
linking social capital (Adger, 2003; Pelling and High, 2005; Pretty, 
2003). Bonding social capital concerns relationships between in-
dividuals with a similar social identity and is especially relevant since 
NBS are commonly implemented on a local or regional scale. Important 
factors attributing to bonding social capital include trust, participation, 
reciprocity and social norms (Onyx and Bullen, 2000; Ostrom, 2009; 
Pelling and High, 2005; Pretty, 2003). 

Among the behavioural theories that could be utilized to analyze 
time contributions in the context of NBS, the Protection Motivation 
Theory (PMT) employs a wide set of predictors for behavior, wider than 
for instance the theory of planned behavior (Bockarjova and Steg, 2014). 
The PMT was originally developed by Rogers (1975, 1983) and Maddux 
and Rogers (1983) in the health sciences literature and is increasingly 
applied in the context of environmental management (e.g. Hudson et al., 
2020; Wolf et al., 2021; Keshavarz and Karami, 2016; Bockarjova and 
Steg, 2014; Kim et al., 2013; Bubeck et al., 2012; Grothmann and Patt, 
2005). The first element of the PMT is threat appraisal, which considers 
the extent to which the people in question recognize their vulnerability 
to an environmental threat such as ecosystem degradation or climate 
change. The second element of the PMT is coping appraisal, which 
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considers the extent to which people perceive the feasibility of effec-
tively implementing a measure, such as a NBS. Analyzing these two el-
ements of the PMT in relation to the WTCT enables the identification of 
barriers and facilitators to implementing time contributions to NBS 
(Keshavarz and Karami, 2016; Bockarjova and Steg, 2014). 

Although there are several studies that investigate factors that may 
influence people’s WTCT to NBS, an overview and identification of 
generalized findings is lacking, and potentially important factors such as 
social capital and PMT factors are currently understudied. Moreover, 
there are no studies that investigate the potential of time contributions 
to cover the labour requirements of NBS projects and thereby contribute 
to overcoming the finance barrier that many NBS face. In this study, we 
aim to fill these research gaps and provide recommendations that relate 
to the potential role and project design requirements of time contribu-
tion schemes in financing community-based NBS that target public 
goods in developing countries. Such recommendations are of high 
importance to those that work on finance for NBS as well as for nature 
NGOs and behavior change or awareness campaigns in developing 
countries. Our study is guided by the following two research questions, 
which we answer through a systematic literature review, complemented 
by an analysis of survey and DCE data from four study sites in Ghana and 
Vietnam.  

1) Which factors (de)motivate people to contribute time to NBS?  
2) To what extent can time contributions reduce the financial needs of 

NBS? 

The remainder of this paper is structured as follows. Section 2 de-
scribes our analytical framework. Section 3 presents the systematic 
literature review. In Section 4 we describe the household survey data 
sets and the performed statistical analyses. The results are presented and 
discussed in Section 5. Section 6 concludes and provides 
recommendations. 

2. Analytical framework 

Our analytical framework is represented in Fig. 1. We combine the 
results of two methods to answer research question 1, on which factors 
(de)motivate people to contribute time to NBS. We begin with a sys-
tematic literature review focused specifically on studies that investigate 
time contributions in exchange for environmental goods. As such, we 
leave out studies without a link to an ecosystem service and studies that 
focus on time spent on travel or recreation. In search for (de)motivating 
factors to contributing time, we are informed by the wider literature on 
demographics, social capital and behavioural theory (see Section 1) that 
also supports the structuring of our findings. We included additional 
(de)motivating factors if they appeared in more than two reviewed 
studies. The approach to the systematic literature review and the results 
thereof are presented in Section 3. 

Thereafter, we applied the list of factors identified in the systematic 
literature review in an empirical analysis of four datasets that included a 
DCE with time contributions for environmental goods. These datasets 
originate from urban and rural study sites in Vietnam and Ghana. The 
datasets have previously been used to compare results of DCEs with time 

and monetary payments aimed at estimating the value of NBS benefits; 
both studies indicated substantially higher values for NBS benefits when 
measured through time payments (Hagedoorn et al., 2020; Hagedoorn 
et al. 202111). We combine the systematic literature review with this 
empirical data analysis for two reasons. First, previous studies mostly 
focused on investigating the relation between the WTCT and only one or 
a few factors; we expand on this by providing comprehensive analyses 
including all the identified factors. Second, heterogeneity in willingness 
to contribute time in these datasets allows for an analysis of the iden-
tified factors as sources of this heterogeneity. In combination with the 
systematic literature review we aim to provide the first overview of 
factors related to the WTCT and identify similarities and patterns to 
inform future NBS projects that may utilize time contributions. The 
approach to the case study analyses is described in detail in Section 4.1 
and 4.2 and the results are presented in Section 5.1. 

To answer research question 2, on the extent to which time contri-
butions can reduce the financial needs of NBS, we focus on the Vietnam 
case studies only since they examined well-specified NBS projects 
(restoration of mangroves and ponds), making them more suitable as 
practical examples. To evaluate the extent to which time contributions 
can reduce the financial needs of NBS, we combine data on the imple-
mentation and maintenance costs of each NBS from DKKV (2019) with 
data on the WTCT from Hagedoorn et al. (2020). The approach to this 
project financing analysis is described in detail in Section 4.3 and the 
results are presented in Section 5.2. 

3. Systematic literature review 

The systematic literature review is based on two Web of Science 
searches that were conducted during December 2020 and January 2021. 
The review focused on studies concerning time contributions in ex-
change for environmental goods (in both developing and developed 
countries), and on the relation between the WTCT and variables con-
cerning demographics, social capital, and the PMT. We used one broader 
search term, which resulted in 530 papers, and one more specific search 
term, which resulted in 70 papers. 

Broader search term: “TS=(“stated preference” OR “choice experi-
ment” OR “contingent valuation”) AND TS=(“work” OR “time” OR “la-
bour” OR “labor” OR “non-monetary”) AND TS=(“contribut” OR 
“willing” OR “donat” OR “payment” OR “invest”)”. 

More specific search term: “TS=(“stated preference” OR “choice 
experiment” OR “contingent valuation”) AND TS=(“WTW” OR “WTT” 
OR “WTCT” OR “WTCL” OR “time payment vehicle” OR “willingness to 
contribute labour” OR “willingness to contribute labor” OR “willingness to 
contribute time” OR “willingness to give up time” OR “willingness to work” 
OR “time-based contribution” OR “time contribution” OR “WTC” OR 
“contribute in labor” OR “contribute in labour” OR “contribute in time” OR 
“donate work” OR “donate time” OR “non-monetary payment” OR “labour 
contribution” OR “labor contribution” OR “labor payment” OR “labour 
payment” OR “time payment” OR “time investment”). 

The selection of relevant papers out of these search results is based 
on two criteria that stem from the notion that the studies included in the 
review should specifically reflect time contributions that are asked in 
exchange for environmental benefits. The selection criteria were there-
fore defined as follows: 1) the study is conducted in relation to an 
ecosystem or ecosystem service (i.e., we eliminated studies from health 
sciences without a link to an ecosystem service or studies that focus on 
time spent on travel or recreation); and 2) the paper includes a time 
payment vehicle in a SP method. In most cases we were able to assess 

Fig. 1. Analytical framework.  

1 Both Hagedoorn et al. (2020) and Hagedoorn et al. (2021) aimed at 
measuring the benefits of NBS via time and money payments, converting time 
values to monetary values, and the effect of market integration levels on the 
differences in identified WTP from time and money payments. Both papers are 
available under an open access license. 
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these criteria based on the title or a combination of the title and abstract. 
In other cases a decision was made after the full paper was read. For the 
broader search term we eliminated 411 papers based on the first crite-
rion and 86 based on the second criterion. For the more specific search 
term we eliminated 25 papers based on the first criterion and 7 based on 
the second criterion. There was some overlap in the papers selected 
across both search terms. Lastly, 11 additional papers were identified 
through the reference lists of the selected papers. In total 66 papers were 
included in the review; see Annex A for an overview of all the papers and 
their characteristics. 

The earliest paper included in the review is from 1994, after which 
the number of papers has steadily increased over the years (see Fig. 2). 
Most studies (66%) applied the CV method, but in recent years studies 
have increasingly chosen to apply a DCE instead. In terms of 
geographical variation, 37% of the studies were conducted in Africa, 
followed by 35% in Asia, 11% in Europe, 9% in Latin America, 6% in 
Oceania, and finally one study in North America (see Fig. 3). The ma-
jority of the studies were implemented in a developing country context, 
but we also identified eight studies across Europe and North America. As 
can be seen in Fig. 3, on a country level the highest number of studies 

that investigate the WTCT have been conducted in Ethiopia. This is 
probably the case because labour contributions to development projects 
have been employed for a long time already in Ethiopia, making 
measuring the WTCT in local SP studies a logical approach. 

The findings from the systematic literature review in regard to the 
relation between different variables and the WTCT are summarized in 
Fig. 4 (see Annex A for more detailed results per study). Not all studies 
included an analysis of the relation between the WTCT and other vari-
ables; only those that did are included in Fig. 4. We identify several 
patterns based on these results. Most clearly we identify that increases in 
threat appraisal lead to a higher WTCT. During the review we defined 
threat appraisal as the knowledge or perception of respondents on the 
problems that are discussed and/or to what extent the respondent 
benefits from or is dependent on the resource or measure in question. We 
also identify that household size has an overall positive relation with the 
WTCT, whereas age seems to be negatively related to the WTCT. For all 
other variables the review only reveals weak and inconclusive patterns, 
such as that men have a higher WTCT than women and that increases in 
(wage) income lower the WTCT. For the latter, wage income is defined 
as increased income from wages or from non-farm activities in case the 

Fig. 2. Number of papers included in the systematic literature review per stated preference method between 1991 and 2020.  

Fig. 3. Geographical distribution of studies included in the systematic literature review.  
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study considered farmers. The variable welfare measures covers income 
levels but also land and cattle holdings. We also identify that the re-
lations between the WTCT and social capital and coping appraisal are 
currently understudied. In our review, we included the results of studies 
that investigated all types of social capital, i.e. also bridging and linking 
social capital, thus whether people are part of social networks for 
instance. For coping appraisal, we looked for variables that covered 
perceived response costs, response efficacy, self-efficacy or a combina-
tion of those aspects. The relation between the WTCT and time avail-
ability has also received limited attention in the literature so far. Out of 
the four studies that did investigate this relation, however, three iden-
tified a positive relation between the WTCT and time availability. 

4. Case study data and analysis 

To further investigate the relation between the WTCT and the vari-
ables that are included in Fig. 4 we analyzed four datasets from NBS case 
studies in urban and rural Ghana and Vietnam. This analysis contributes 
to answering research question 1 on which factors (de)motivate people 
to contribute their time to NBS (see Fig. 1). To answer research question 
2 (to what extent can time contributions reduce the financial needs of 
NBS), we combine data on the costs and the WTCT related to the Viet-
namese NBS (Hagedoorn et al., 2020; DKKV, 2019). We start with a 
description of the datasets and analyses used to answer research ques-
tion 1 in Section 4.1 and Section 4.2 and then describe the approach to 
answer research question 2 in Section 4.3. 

4.1. Datasets 

The datasets originate from Hue city in Vietnam (248 respondents), 
Quang Loi commune in Vietnam (248 respondents), Sakumono com-
munity in Tema City in Ghana (243 respondents), and the coastal stretch 
between Fuveme and Anloga in the Volta delta in Ghana (239 re-
spondents). The studies covered the following NBS: restoration of urban 
ponds in Hue city; restoration of mangroves in Quang Loi; and a range of 
NBS aimed at preventing beach erosion and the protection of near-shore 
seas and coastal lagoons in Sakumono and the Volta delta (with the 

latter also including mangrove restoration). All data sets included a DCE 
with a time payment vehicle only (no monetary payment) as well as 
questions on previous time contributions to community-based environ-
mental management. To a large extent the questionnaires used at each 
study site are directly comparable and included the same demographics, 
social capital, and PMT related questions. Furthermore, the DCEs all 
included a regulating ecosystem service (flood protection or erosion 
control), a cultural ecosystem service (tourism, visitors or recreation), 
and a provisioning ecosystem service (fish abundance). Only the DCE for 
Hue city differs slightly as it included two cultural ecosystem services at 
the expense of the inclusion of a provisioning ecosystem service due to 
its inland urban location. Additionally, all DCEs followed similar design 
processes and are based on the same experimental design in terms of 
number of attributes, levels and choice cards. Detailed descriptions of 
the development process of the design, the design itself, and WTCT re-
sults can be found in Hagedoorn et al. (2020) and Hagedoorn et al. 
(2021). 

4.2. Data analysis 

We use the four datasets to perform analyses on 1) intended future 
WTCT based on the DCEs and 2) expressed past WTCT based on survey 
questions. For the first analysis we run random parameter logit (RPL) 
models on the DCE results that include a time payment vehicle, in which 
we include interaction terms between the time payment vehicle and all 
variables for which we want to test their relation with the WTCT. These 
RPL models are run with normal distributions for all DCE attributes and 
fixed parameters for the interaction terms. To avoid model imprecisions, 
we use 3200 Halton draws for the RPL simulations (Czajkowski and 
Budziński, 2019). For the second analysis we run ordinal regressions 
since the question format was as follows: “Have you contributed time to 
environmental management projects before?” with answer options “1 = No, 
2 = Yes, once, 3 = Yes, more than once”. The answers to this question are 
included in Fig. B.1 in Annex B. For both the intended future WTCT and 
expressed past WTCT analyses we start with including all variables that 
we want to investigate. We thereafter rerun the analysis after excluding 
one variable at a time, based on the highest p-value, until only 

Fig. 4. Overview of relations between the willingness to contribute time and commonly used variables as based on the systematic literature review, organized from 
positive (upper part of the figure) to negative (lower part of the figure). 
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statistically significant relationships remain (using a 10% critical sig-
nificance level). In the results we present both the full model and the 
restricted model. The combination of these results and the results of the 
systematic literature review will serve as input for answering research 
question 1 on the (de)motivating factors to contributing time to NBS. 

In Table 1 we present an overview of the variables that we include in 
the intended future WTCT and expressed past WTCT analyses and elabo-
rate on their measurement (for a more extensive version, see Table B.1 in 
Annex B). These variables are selected based on findings from the sys-
tematic literature review. Three of the included variables are compos-
ites, namely social capital, coping appraisal and threat appraisal. Using 
composites is common practice to measure these concepts (e.g. Hudson 
et al., 2020; Bockarjova and Steg, 2014). In creating the composites, we 
are informed by previous studies, theory, relevance to our research 
contexts, and correlations between the variables across the four data 
sets. We perform analyses that include the full range of variables, in 
which we use the composites of these three concepts, as well as analyses 
in which we only include the sub-components of these composites (see 
Annex B). For the latter, we only include one variable at a time to avoid 
estimation problems caused by correlations between these variables. For 
the overall analyses, we were able to include the full range of variables 
since we did not identify high pairwise correlation coefficients between 
variables (the highest was Spearman’s Rho = 0.555 for the variables 
coping appraisal and threat appraisal in the Hue city sample). The com-
bination of these two analyses allows us to investigate whether certain 
aspects of these composites are more or less relevant in relation to the 
WTCT and under which circumstances (i.e. urban or rural). 

For social capital we created a composite based on eight Likert scale 

questions covering trust, participation, reciprocity and social norms 
(Onyx and Bullen, 2000; Ostrom, 2009; Pelling and High, 2005; Pretty, 
2003). All these questions are based on Onyx and Bullen (2000) and 
have successfully been applied in previous studies concerning 
community-based environmental management (Hudson et al., 2020; 
Hagedoorn et al., 2019). We measure trust through one Likert scale 
question. Participation is measured through a question on interactions 
with community members as well as a question on the household’s 
participation in community activities. For reciprocity we use three 
questions that provide different angles of this concept. We measure the 
availability of social norms by asking how accepted respondents feel in 
their community and whether they see their community as united. The 
exact wording of each of the questions is included in Table 1 and Annex 
B. 

The second composite is for coping appraisal, which is commonly 
defined as a combination of response costs, response efficacy, and self- 
efficacy (Hudson et al., 2020; Wolf et al., 2021; Keshavarz and Kar-
ami, 2016; Bockarjova and Steg, 2014; Kim et al., 2013; Grothmann and 
Patt, 2005). In this study we focus on response efficacy and self-efficacy. 
We exclude response costs since the costs are in fact the time contri-
butions that we investigate. Overall, our measurement of coping 
appraisal reflects the respondents’ perceived ability to avoid or reduce 
the threat (e.g. Zhou et al., 2020; Bockarjova and Steg, 2014). This 
means that in our study response efficacy concerns the effectiveness of 
community action in avoiding the degradation of the ecosystem in 
question. Furthermore, self-efficacy concerns the ability of the house-
hold to contribute to this in a meaningful way. Since community-based 
projects include household contributions to a community goal, we asked 
two Likert scale questions on the two different levels (see Table 1 and 
Annex B). The community level question covers whether the respondent 
feels that their community as a whole can in fact effectively restore 
mangroves (response efficacy) and the household level question covers 
whether the respondent feels that the household can effectively 
contribute to this (self-efficacy). 

The final composite was designed to measure threat appraisal. Threat 
appraisal is commonly defined as the perceived probability and severity 
of a threat (Hudson et al., 2020; Wolf et al., 2021; Keshavarz and Kar-
ami, 2016; Bockarjova and Steg, 2014; Kim et al., 2013; Grothmann and 
Patt, 2005). In this study the threat is the degradation of the specified 
ecosystem(s). The perceived probability of the threat is therefore 
measured through Likert scale questions on the respondent’s perception 
on the current condition of the ecosystem(s) and whether they are 
worried about the future of the ecosystem(s). Combining these variables 
reflects how the respondent views the likeliness of the ecosystems to 
degrade (again). The perceived severity of the degradation of the 
ecosystem(s) is measured by how important the ecosystem(s) is (are) for 
the respondent based on both use and non-use values. In other words, we 
investigate the damage potential through the respondents’ values, 
where higher values reflect higher severity of the threat for the 
respondent in question (as described in Bockarjova and Steg, 2014; 
Grothmann and Patt, 2005). Detailed descriptions of the utilized survey 
questions are included in Table 1 and Annex B. 

4.3. Financing analysis 

The purpose of the financing analysis is to explore the extent to 
which time contributions could reduce the financial needs of NBS pro-
jects by covering labour requirements. We provide a practical applica-
tion of this based on the two Vietnamese NBS projects, which both 
targeted specific NBS for which good quality cost data was available. 
These projects include pond restoration in Hue city and mangrove 
restoration in Quang Loi commune. The cost data originates from DKKV 
(2019), which conducted cost-benefit analyses of the projects and esti-
mated benefit to cost ratios greater than 2:1 in both cases. The cost data 
includes information on the labour requirements of the project as well as 
the financial requirements of the projects. 

Table 1 
Overview of the variables that are included in the intended future WTCT and 
expressed past WTCT analyses, see Annex B for the overview that also includes 
the sub-components of all composites.  

Variable Description 

Demographics 
Gender Gender of respondent. 
Household size Number of people in the household. 
Wage labour income Percentage of income originating from wage labour. 
Income Monthly household income, continuous variable based on 

categories. 
Education level Education level ranging from no formal education to 

university education. 
Age Age of respondent. 
Time availability Time available for leisure of respondent, calculated based 

on survey data on time spend on paid and unpaid activities.  

Social capital 
Trust 11 point agreement Likert scale: “Most people in my 

community can be trusted”. 
Social norms 

(composite) 
Mean of the variables united and accepted. 

Reciprocity 
(composite) 

Mean of the variables help me, I help, and help others. 

Participate 
(composite) 

Mean of the variables participate and communicate. 

Social capital 
(composite) 

Mean of the variables trust, social norms (composite), 
reciprocity (composite) and participate (composite).  

Coping appraisal 
Self-efficacy 11 point agreement Likert scale: “My household is able to 

effectively contribute to protecting – ecosystem – ”. 
Response efficacy 11 point agreement Likert scale: “As a community we are 

able to effectively restore – ecosystem – ”. 
Coping appraisal 

(composite) 
Mean of the variables self-efficacy and response efficacy.  

Threat appraisal 
Probability 

(composite) 
Mean of the variables condition and worry. 

Severity (composite) Mean of the variables livelihood and non-use values 
(composite). 

Threat appraisal 
(composite) 

Mean of the variables probability (composite) and severity 
(composite).  
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To estimate the availability of labour from the local communities, we 
estimate the total yearly time contributions based on the WTCT values 
presented in Tables 6 and 7 in Hagedoorn et al. (2020). We estimate the 
yearly WTCT from the community based on the assumption that the 
restoration projects deliver an increase in ecosystem service provision-
ing up to the lowest attribute levels that were included in the DCEs. For 
the mangroves this means that we sum up the WTCT per household for a 
50% reduction in flood impacts, 10% more seafood and 150 extra 
tourists visiting the community each year. For the urban ponds we sum 
up the WTCT per household for 50% reduction in flood impacts, a level 
up in terms of recreation suitability and 5% more tourists visiting. 

In calculating the overall WTCT of the communities we account for 
hypothetical bias and do not aggregate our values in order to remain 
conservative in our estimates. Hypothetical bias is a common criticism 
of SP studies that entails that people may state higher WTCT levels in a 
SP study than what they would be willing to contribute in reality due to 
the hypothetical nature of SP studies. In order to control for this po-
tential overestimation we utilize the only study that investigated hy-
pothetical bias specifically in the context of time contributions. This 
study found that 56% of respondents that said they would contribute 
time ended up not doing so, and that those that did contribute time only 
provided about 33% of what they said they would contribute 
(Kamuanga et al., 2001). This implies a total overestimation of 
contributed labour by a factor 5.5.2 We account for this in a simple 
manner by applying these numbers to ours since we were not able to 
analyze hypothetical bias through our study, nor are there any more 
studies available to us that we could use to provide a more nuanced 

analysis on this. Additionally, we do not aggregate our values and 
thereby we assume that the population of the communities consists only 
of the respondents included in the sample that answered to the time 
payment vehicle (i.e. 248 households in total in both sites). We thereby 
avoid uncertainties related to the WTCT of community members that 
were not included in our study as well as uncertainties related to the 
extent to which aggregation is possible. For instance, we lack informa-
tion on the distance decay effects on the WTCT of households living 
around the ponds and mangroves and therefore cannot determine with 
certainty the wider economic constituency over which to aggregate the 
sample WTCT. The aggregation of sample values is particularly chal-
lenging in Hue city given the large population surrounding the urban 
ponds. 

We combine this data on the labour requirements of the NBS projects 
and the labour availability in the respective local communities to 
identify whether the labour requirements could be covered by freely 
provided community time contributions. We calculate the percentage of 
reduction in financial needs that could be achieved by this reduction in 
financial costs associated with the project’s labour requirements. 

5. Results and discussion 

5.1. Relations between the WTCT and selected variables 

5.1.1. Analysis of all variables 
The results of the intended future WTCT analysis are included in 

Table 2 and those of the expressed past WTCT analysis in Table 3. An 
overview of the combined intended future WTCT and expressed past WTCT 
results is presented in Fig. 5, in a similar manner as the results of the 
systematic literature review were presented in Fig. 4 in Section 3 (for a 
direct comparison of both figures see Annex C). Based on the case study 

Table 2 
Identified relations between the selected variables and stated WTCT based on the analysis of interaction terms with the time payment vehicle in the choice experiment 
RPL models.  

Site Variable Volta First 
model 

Final 
model 

Sakumono First 
model 

Final 
model 

Quang Loi First 
model 

Final 
model 

Hue First 
model 

Final 
model 

Gender − 0.069  − 0.080 − 0.081*  0.058  − 0.031  
Household size − 0.002  0.002   − 0.007  − 0.091* − 0.088** 
Percentage income from wage 

labour 
− 0.440E-3  0.510E-3   − 0.008*** − 0.010*** 0.011*** 0.009*** 

Income 0.741E-4  0.103E-4   0.187  − 0.444E-5  
Education level − 0.044* − 0.039** 0.038** 0.029**  − 0.108  − 0.091  
Age 0.003 0.005* − 0.260E-3   − 0.003  − 0.006  
Time availability 0.260E-3  0.001   0.240E-3  0.005  
Coping appraisal 0.019  − 0.010   0.044  0.003  
Threat appraisal 0.046  0.001   − 0.036  − 0.207*** − 0.182** 
Social capital 0.062** 0.072*** 0.005   0.107* 0.156*** 0.4.33*** 0.416*** 

*=0.1, **=0.05, ***=0.01 

Table 3 
Identified relations between the selected variables and revealed WTCT based on ordinal regression analyses with the experience variable.  

Site Variable Volta First 
model 

Final 
model 

Sakumono First 
model 

Final 
model 

Quang Loi First 
model 

Final 
model 

Hue First 
model 

Final model 

Gender  0.125   0.095  − 0.207   0.743**  0.631* 
Household size  0.069  0.087**  0.035  0.120   0.049  
Percentage income from wage 

labour  
− 0.004   0.001  − 0.013* − 0.013*  0.017***  0.015*** 

Income  0.000   0.001***  0.001*** 5.043E-5 7.538E- 
5**  

6.266E-5**  5.046E-5** 

Education level  0.070   − 0.216**  − 0.183** 0.050   − 0.123  
Age  0.004   − 0.012  0.007   − 0.021  
Time availability  − 0.014**  − 0.014**  0.002  0.023*** 0.022***  − 0.012  − 0.013* 
Coping appraisal  0.429***  0.452***  0.230**  0.220*** 0.102   0.034  
Threat appraisal  0.541***  0.524***  − 0.200*  − 0.189* − 0.105   − 0.231  − 0.272* 
Social capital  0.224*  0.263**  0.069  0.344** 0.403***  0.987***  0.940*** 

*=0.1, **=0.05, ***=0.01 

2 This is higher than overestimations found in studies on hypothetical bias in 
monetary contributions, which estimate a factor 3–3.5 overestimation (see 
Bouma and Koetse, 2019; List and Gallet, 2001). 
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analysis results, we identify overall positive relations between the WTCT 
and social capital, welfare measures and coping appraisal. The strongest 
identified relation is between social capital and the WTCT, as was also 
the case in Hagedoorn et al. (2019). For welfare measures and coping 
appraisal, not all these relations are significant, but in both cases all but 
one analysis did result in a positive coefficient. The identified positive 
relations for social capital and coping appraisal are the most consistent 
identified relations across both methods, on which we provide further 
discussion in the upcoming Sections 5.1.2 and 5.1.3. 

In comparison to the results of the systematic literature review, the 
results of the case study analyses find that threat appraisal has a more 
negative effect, age and time availability have a more inconclusive ef-
fect, and welfare measures have a more positive effect on the WTCT. 
From the results of the systematic literature review it appeared that age 
has a strong negative relation with the WTCT, whereas in the case study 
analyses we identify mostly inconclusive or positive relations. The case 
study results on age can, however, be related to other studies that 
identified positive relations between age and the WTCT, for instance due 
to life experience (Alfredo and O’Garra, 2020; Khanal et al., 2019; 
Ahlheim et al., 2010). The results for household size, coping appraisal, 
education level, wage (or off-farm) earnings, and female (headed 
household) are more or less comparable in terms of dispersion in the 
identified direction of the relations, although we generally find more 
inconclusive (i.e. insignificant) effects in the case study analysis results. 
For a number of the results we identify patterns and differences across 
the intended future WTCT and the expressed past WTCT as well as across 
urban and rural study sites, which we will discuss in the upcoming 
paragraphs and sections. 

With regard to differences across the intended future WTCT and the 
expressed past WTCT, men show lower intentions for future WTCT while 
they express higher past WTCT. Additionally, larger households show 
lower intentions for future WTCT but express higher levels of past 
WTCT. This may imply that having experience with time contributions 
lowers the WTCT, although a positive coefficient for an interaction term 
between the time payment vehicle and experience with time contribu-
tions in a separate RPL analysis actually suggests the opposite. These 
results therefore indicate that men and larger households already 
contribute time and that they are therefore hesitant to contribute more. 
This furthermore suggests that smaller households and women who do 
not yet participate in community activities are potentially interested to 

be involved in future activities. Since the systematic literature review 
focused on SP studies, and thus intended future WTCT, we cannot 
compare our results to other studies in this regard. However, the iden-
tified patterns may also be present in other studies and warrant the need 
to also ask about previous time contributions to get a comprehensive 
understanding of people’s WTCT. 

With regard to differences across the urban and rural study sites, we 
identify that an increase in the proportion of income from wage labour 
has a positive effect on the WTCT in urban areas but a negative effect on 
the WTCT in rural areas. The households in the investigated urban areas 
earn more income in general as well as from wages specifically and 
therefore may have reached a certain satisfactory level of income, which 
thereby allows them to contribute their spare time to community pro-
jects instead of income generating activities. This satisfactory level of 
income may be more difficult to reach in the rural study sites, where 
overall income levels are lower and wage labour opportunities fewer. In 
the rural study sites, more income from wage labour therefore likely 
means that the opportunity cost of time is higher and/or that they have 
less time to contribute. This reasoning could imply that the suitability of 
time contributions is not limited to developing countries, where they are 
currently most prevalent due to generally lower incomes, but may also 
extent to developed countries where income restrictions are less press-
ing (e.g. Notaro and Paletto, 2011). Finally, threat appraisal has a 
negative effect on the WTCT in urban areas while it has a positive or 
insignificant effect on the WTCT in rural areas. In Section 5.1.3 we look 
into this difference in more detail. 

5.1.2. Social capital 
The results of the case study analyses that focused on each sub- 

component of social capital are reported in Annex D. We find that the 
variables measuring participation levels are most strongly related to the 
WTCT. Four previous studies that were included in the systematic 
literature review also looked into the relation between participation and 
the WTCT, three of these studies identified a positive relation while the 
fourth study revealed an insignificant relation (Hagedoorn et al., 2019; 
Notaro and Paletto, 2011; Kamuanga et al., 2001; Swallow and Wou-
dyalew, 1994, respectively). The other studies that investigated social 
capital and were included in the systematic literature review mostly 
focused on memberships of larger organizations or institutions (Khanal 
et al., 2019; Alfredo and O’Garra, 2020; Kamuanga et al., 2001). This 

Fig. 5. Overview of relations between the willingness to contribute time and commonly used variables as based on the case study analyses, organized from positive 
(upper part of the figure) to negative (lower part of the figure). 
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type of social capital can be categorized as bridging or linking social 
capital. One of these studies identified a negative relation with the 
WTCT while the other studies concluded on an insignificant relation 
(Khanal et al., 2019; Alfredo and O’Garra, 2020; Kamuanga et al., 2001), 
confirming that bonding social capital is of higher relevance in the 
investigated contexts. Additionally, Hagedoorn et al. (2019) is the only 
study that also looked into the other sub-components of bonding social 
capital, but they did not identify significant relations with the WTCT. 
Compared to Hagedoorn et al. (2019), we also identify significant pos-
itive relations between the WTCT and the sub-components trust, reci-
procity and social norms, although to a lesser extent than for 
participation. The combination of the results of the systematic literature 
review and the case study analyses indicates the relevance of investi-
gating and taking into account bonding social capital, and especially 
participation, as part of a potential time contribution scheme. 

5.1.3. Protection motivation theory (PMT) 
With regard to coping appraisal, the case study analysis results 

indicate that a higher WTCT relates to higher response efficacy as well as 
self-efficacy, where the latter effect is especially strong (full results re-
ported in Annex E). In other words, both perceiving that community 
management can result in effective protection or restoration of ecosys-
tems as well as perceiving that households themselves can effectively 
contribute to these efforts plays an important role in motivating people 

to contribute their time to NBS. Studies included in the systematic 
literature review have focused on response efficacy (Abbas et al., 2016), 
self-efficacy when the project becomes community managed (Alfredo 
and O’Garra, 2020), and a combination of response costs and self- 
efficacy (Hagedoorn et al., 2019). Of these studies, only Abbas et al. 
(2016) identified a significant positive relation between coping 
appraisal and the WTCT. The combination of the systematic literature 
review and our case study analysis results thereby result in the notion 
that response efficacy plays an important role in the WTCT and in 
addition to that highlight the role of self-efficacy, which was not yet 
explicitly investigated in the literature. 

Threat appraisal is composed of two separate composites, i.e. prob-
ability and severity of ecosystem degradation. For both these composite 
variables we find mixed results when investigating their relation with 
the WTCT via the case study analyses, which seems to depend on 
whether a study site is urban or rural (see Annex E for the results). If we 
take a closer look into the variables that are used to create the probability 
composite, i.e. condition and worry, we actually do find positive (or 
inconclusive) relations between the WTCT and worry in the urban sites. 
Additionally, from the systematic literature review results we are able to 
establish that the relation between probability and the WTCT is more 
mixed if we analyze the applied variables in detail (e.g. Alemu et al., 
2020; Abbas et al., 2016). More specifically, variables that measure 
previous experiences with the problem in question are often unrelated to 
the WTCT (e.g. Vásquez, 2014; Hung et al., 2007). The commonality 
between these results and the results for the condition variable is that 
both measure the knowledge on the current state of affairs, i.e. how 
degraded an ecosystem is and thus what the threat looks like (e.g. a flood 
in other cases). In the urban sites, the investigated ecosystems were 
more degraded at the time of the data collections. This may have 
resulted in the feeling that they are deteriorated to an extent that it 
cannot be restored, and thus that investing time would not result in any 
benefits. This thought process could explain the results for the condition 
variable in the urban sites as well as the results of previous studies that 
implemented similar variables. In general this may mean that lower time 
contributions may be expected when ecosystems are more degraded, 
and that to restore these ecosystems a first step should be made with 
financial resources before the local community will want to get involved 
with contributing their time. 

The main finding with respect to the severity composite based on the 
case study analyses is the positive relation between the WTCT and non- 
use values in the rural sites; while we find a negative relation between 
the WTCT and non-use values in the urban sites (see Annex E). The re-
sults for the urban sites contradict the findings of previous studies 
included in the systematic literature review that usually identify a 
positive relation between the severity of a threat and the WTCT (e.g. van 
Oijstaeijen et al., 2020; Ferreira et al., 2017; Gulati and rai, 2015). 
Potentially, residents in urban sites are more disconnected from the local 
ecosystems and therefore do not necessarily link ecosystem values to 
their local environment (Sato et al., 2021). We find overall differing 
relations between the WTCT and use values in the case study analyses, 
possibly because households that depend on ecosystems for their live-
lihood have less time available due to time-consuming subsistence ac-
tivities, meaning that higher use values could serve both as a motivation 
and a restriction to the WTCT. Overall these results add to those related 
to the probability composite with the notion that not only the level of 
degradation of the ecosystem may affect the WTCT, but also the extent 
to which people feel connected to the ecosystem and how they use it. 

5.2. Potential of time contributions to reduce the financial needs of NBS 

Tables 4 and 5 provide an overview of the yearly labour and financial 
requirements of the mangrove and pond projects in the Vietnamese case 
study sites as well as the labour availability within the communities 
surrounding these projects. The requirements are obtained from DKKV 
(2019) and the availability is based on Hagedoorn et al. (2020) and 

Table 4 
Overview of the labour and financial requirements as well as the labour avail-
ability of the mangrove project.  

Year Labour and financial requirements Labour 
availability 

Type of 
requirement 

Description Amount Amount 

Year 
1 

Labour Planting, fencing, 
monitoring, weeding 
and cleaning 

733 days 
(budgeted as 
8,068 USD1) 

1,962 days 

Financial Equipment, seedlings 
and their transportation, 
maintenance, 
consultancy, 
opportunity cost. 

24,386 USD 

Year 
2 

Labour Monitoring, weeding 
and cleaning 

104 days 
(budgeted as 
1,144 USD) 

1,962 days 

Year 
3 

Labour Monitoring, weeding 
and cleaning 

67 days 
(budgeted as 
737 USD) 

1,962 days  

1 11 USD per day of work (eight hours per day) 

Table 5 
Overview of the labour and financial requirements as well as the labour avail-
ability of the pond project.  

Year Labour and financial requirements Labour 
availability 

Type of 
requirement 

Description Amount Amount 

Year 
1 

Labour Cleaning 696 days 
(budgeted as 
7,651 USD) 

1,526 days 

Financial Equipment, waste 
treatment, 
consultancy fee, 
opportunity cost. 

10,021 USD 

Year 
2 

Labour Maintenance 8 days 
(budgeted as 
88 USD) 

1,526 days 

Year 
3 

Labour Maintenance 8 days 
(budgeted as 
88 USD) 

1,526 days  
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hypothetical bias numbers from Kamuanga et al. (2001). NBS are often 
labour-intensive (Ando et al., 2020; Shahrier and Kotani, 2019), as is the 
case in our example projects. However, for both projects, we find that 
the labour availability in the neighboring communities is more than 
enough to cover the labour requirements. In fact, by covering the labour 
requirements with freely provided community time contributions, the 
financial needs of the mangrove project would be reduced by 29% and 
those of the pond project would be reduced by 44%. These numbers 
indicate the potential of community time contributions to support 
lowering one of the key barriers of NBS, being the challenge to obtain 
sufficient funding (Toxopeus and Polzin, 2021; Nesshöver et al., 2017; 
Droste et al., 2017; Nalau et al., 2018; Ojea, 2015; Khan and Amelie, 
2015). 

These results specifically relate to community-based NBS projects 
that focus on public goods and would normally fall under local gov-
ernment bodies that commonly struggle to mobilize funds for such 
projects (Toxopeus and Polzin, 2021; Bhattarai et al., 2021; Droste et al., 
2017; Nalau et al., 2018; Khan and Amelie, 2015). Therefore, time 
contribution schemes could provide much needed support in reducing 
the finance gap for NBS projects in the discussed developing country 
context, especially since public funding availability is often lower in 
developing countries when compared to developed countries. Addi-
tionally, via the use of time contributions NBS projects in developing 
countries could become less dependent on donor money (Bhattarai et al., 
2021), achieve higher levels of involvement of citizens (Nalau et al., 
2018; Kabisch et al., 2016), and thereby become more sustainable on the 
long-run. Nonetheless, there may also be a role for community time 
contributions in developed countries, since local governments also 
struggle to obtain sufficient funding for NBS projects in these countries 
(Toxopeus and Polzin, 2021; Droste et al., 2017). 

However, funding in NBS may have to more than triple by 2030 to 
close the finance gap for NBS (Deutz et al., 2020). Covering the labour 
requirements of NBS projects with freely provided community time 
contributions will likely not be sufficient to close this entire finance gap. 
Furthermore, some costs are simply financial by nature and cannot be 
covered by labour requirements, such as the purchase of mangrove 
seedlings or renting equipment for dredging the ponds in our examples. 
Therefore, it is likely that to fund a similar NBS project completely, a mix 
of citizen’s time contributions and public and/or private money is 
necessary. 

Nonetheless, there are several potential options to further capitalize 
on time contributions in the context of financing NBS. The first is to 
incorporate the monetary value of community time contributions as 
match funding in grant proposals. This would allow projects that utilize 
time contributions to access grants that require a certain amount of 
funding to come from other sources. This type of grants is described in 
Nagendran and Riddle (2009) and Codey and Campbell (2005) for 
instance, where the value of community time contributions can be 
included as in-kind match funding. The second option is via corporate 
volunteer grants that are increasingly implemented as part of Corporate 
Social Responsibility (CSR) practices (e.g. Lough and Turner, 2017). 
Here, companies may provide matching gifts for volunteer work that is 
conducted by their employees (Lough and Turner, 2017). If companies 
could do the same for community members’ volunteer work via a cre-
ative partnership, this could generate additional finance for NBS from 
private parties specifically. Moreover, this may provide additional 
motivation for community members to contribute their time to NBS 
(Kotani et al., 2010; Rondeau and List, 2008). Finally, one of the prob-
lems related to tapping into public and private funds is that funding from 
these sources may not be specifically targeted at NBS (Toxopeus and 
Polzin, 2021; Droste et al., 2017; Kabisch et al., 2016; Ojea, 2015). 
However, we observe an excess in labour availability for both projects 
(see Tables 4 and 5). Potentially this excess labour availability within 
the community could be converted into project money if community 
members could work on projects of public and private parties that would 
then pay out the salaries to the project. To the best of our knowledge the 

latter two types of financing schemes do not exist yet, but may provide 
potentially interesting future avenues for NBS financing. 

6. Conclusions and recommendations 

This study aimed to identify the potential to reduce the finance gap 
for NBS in developing countries through time contributions made by 
local communities. Although stated preference studies on the benefits of 
NBS increasingly use time contributions as a payment vehicle, an 
investigation of the potential of time contributions to address the 
finance gap for NBS is currently lacking. To explore this potential, we 
conducted a systematic review of the relevant literature, analyzed stated 
preference data from four case studies that included a DCE with a time 
payment vehicle, and assessed the extent to which time contributions 
could cover project labour requirements and thereby reduce financial 
needs of NBS. Our research was guided by two research questions: 1) 
which factors (de)motivate people to contribute time to NBS?; and 2) to 
what extent can time contributions reduce the financial needs of NBS? 
Research question 1 is answered through the systematic literature re-
view and case study analyses and research question 2 is answered 
through a financial analysis for two example projects. Here we discuss 
the main conclusions of our study, followed by recommendations for 
research and practice. 

6.1. Conclusions 

Regarding the identification of factors that (de)motivate people to 
contribute their time to NBS, we draw several conclusions. First, we find 
that bonding social capital serves as the key motivator for time contri-
butions. Of the different sub-components of social capital, the strongest 
relation that we identify is between current levels of participation within 
the community and the WTCT. Additionally, higher perceived coping 
appraisal, and especially self-efficacy, also serves as a main motivator of 
time contributions. This accentuates the importance of focusing on 
factors related to social capital and behavioural theory when investi-
gating the motivations of people to contribute their time to NBS. How-
ever, until now studies have rarely included these factors. Second, we 
reason that differences in the case study analysis results on the relation 
between the WTCT and threat appraisal across urban and rural study 
sites may be related to the state of the ecosystem as well as to the extent 
that people feel connected to the ecosystem. We infer that people would 
be more willing to contribute their time to NBS when the ecosystem in 
question is in a relatively good state and when they feel connected to this 
ecosystem. This reasoning, however, would have to be confirmed by 
future studies that focus on this aspect specifically. Finally, we identify 
ambiguous results regarding how demographic variables influence 
WTCT, which appear to be largely site dependent. The lack of consistent 
effects from demographic characteristics means that overall there is no 
indication that certain groups in society will be excluded from time 
contribution schemes, which is commonly argued to be the case with 
money contributions and lower income households. This absence of 
consistent demographic effects warrants the need for localized studies in 
order to identify and address the potential exclusion of societal groups 
when designing and implementing time contribution schemes. 

In regard to our second research question, related to the extent to 
which time contributions could reduce the financial needs of NBS, we 
base our answer on a financing analysis of the Vietnam case studies. For 
these two case studies, we find that time contributions could lower the 
financial needs of the NBS by 29 and 44 percent by covering labour 
requirements that would otherwise have to be paid for through the 
project. Thereby, time contributions could provide much needed sup-
port in reducing the financial barrier to the implementation and main-
tenance of community-based NBS focused on public goods in developing 
countries. A lower financial barrier and higher levels of involvement of 
the local communities means that NBS projects may also end up being 
more sustainable in the long-run. However, time contributions will not 
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necessarily be sufficient to close the entire finance gap for NBS projects 
because some costs are financial by nature and therefore simply cannot 
be covered by time contributions. Nonetheless, there is potential to 
further capitalize on time contributions via innovative financing 
schemes such as incorporating the value of the time contributions as 
match funding, tapping into private funding sources via CSR practices 
and creative partnerships, or utilizing time contributions to cover other 
labor for which the wages would be paid into the NBS projects. In 
conclusion, utilizing time contributions has the potential to significantly 
reduce the financial needs of NBS but a mix of financing sources is likely 
to remain necessary to fully finance NBS in developing countries. 

6.2. Recommendations for future research & NBS projects 

Our results generate a number of recommendations for both research 
and policy makers. For research, we first recommend stated preference 
practitioners to consider using time contributions in addition to mone-
tary payments in studies that evaluate community-based NBS, particu-
larly in developing countries. Utilizing both types of payment in one 
study allows the results to feed into economic analyses as well as to 
identify the potential of time contributions to reduce financial needs of 
the NBS project by covering labour requirements. Second, we stress the 
need to conduct localized studies to investigate site-dependent de-
mographic effects as well as to investigate previous and future WTCT in 
order to fully understand the community’s WTCT. The findings of such 
studies should be incorporated in the funding and management design of 
NBS. Third, we suggest to replicate our analysis across other locations to 
identify to what extent our results are generalizable to other NBS and 
socioeconomic contexts. This effort could include study sites situated in 
a developed country context to investigate whether time contributions 
could be a suitable solution to address similar financing barriers faced by 
local government bodies in these countries. Fourth, we recommend to 
further expand on the variables included in the analysis, for instance by 
including factors related to other behavioural theories or factors related 
to how people perceive the current state of the ecosystem and to what 
extent they feel connected to the ecosystem in question. Such analyses 
could further foster understanding of the dynamics of people’s WTCT. 
Finally, to test our findings it would be useful to set up a time contri-
bution scheme in practice. Research accompanying such a time contri-
bution scheme could focus on investigating hypothetical bias related to 
time contributions to get a better idea of actual WTCT and identify op-
portunities to further capitalize on the potential of time contributions 
beyond covering the labour requirements of the project. 

For local government bodies and other organizations that work on 
the implementation and financing of NBS, we recommend to consider 
utilizing time contributions when projects are implemented at a com-
munity level. Time contributions may prove to be especially suitable in 
communities where social capital and coping appraisal levels are high. 
When organized well, the potential of time contributions to reduce 
financial needs of NBS is substantial. Part of this organization is to 
ensure continuing contributions over time. For this purpose, it is 
important to set up contribution schemes in such a way that they build 
social capital rather than break it down. The project design could avoid 
reductions in social capital by making sure the benefits of the project are 
equitably divided across the different groups in a community. Aware-
ness and behavior change campaigns can contribute to these efforts by 
organizing events in which all community members can participate, 
since higher participation levels strongly relate to the level of time 
contributions. We recommend that the content of such events covers 
aspects that build coping appraisal. In practice this would mean a focus 
on raising awareness on the possible achievements and results of NBS 
and how households can effectively contribute to this, instead of an 
exclusive focus on the (extent of) the problem that the NBS aims to 
address. The project design could also incorporate aspects that 
contribute to the perceived coping appraisal, for instance by allowing for 
small achievements to be celebrated along the way. These processes may 

also have a positive effect on the community ownership of NBS projects, 
another factor that is commonly mentioned in relation to successful NBS 
projects. Overall, a well-designed time contribution scheme based on 
localized studies that cover relevant factors as identified in this study 
may lead to lower financial needs and improvements in the long-term 
viability of NBS projects in developing countries. 
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Authors Year Location Topic Method Female 
(headed- 
household) 

Household 
size 

Wage (or off- 
farm) 
earnings 

Welfare 
measures 

Education 
level 

Age Time 
availability 

Threat 
appraisal 

Coping 
appraisal 

Social 
capital 

Swallow and 
Woudyalew 

1994 Ethiopia Tsetse control CV +/- +/- - +/-    + +/- 

Hardner 1996 Ecuador Drinking water CV  + -    +

Echessah et al. 1997 Kenya Tsetse control CV - +/-  + +/-   +/-   
Kamuanga et al. 2001 Burkina Faso Tsetse control CV  +/- + +/-  -  + +/- 
Alam and 

Marinova 
2003 Bangladesh River water 

quality 
CV           

Asrat et al. 2004 Ethiopia Soil conservation CV           
Ninan and 

Sathyapalan 
2005 India Biodiversity 

conservation 
CV  +/-  - - -     

Eom et al. 2006 South Korea Water quality CV           
Vesely 2007 New Zealand Urban trees CV           
Hung et al. 2007 Vietnam Forest fires CV  +/- -  + +/-   
Brouwer et al. 2008 Bangladesh Flood risk CV    -       
Stone et al. 2008 India Mangrove 

restoration 
CV    -    +

O’Garra 2009 Fiji Fisheries CV - + -  +/- +/- - +

Pokou et al. 2010 Cote D’Ivoire Tsetse control CV  + +/- +/-   +

Alheim et al. 2010 Vietnam Landslide 
protection 

CV -   + + + +/-   

Notaro and 
Paletto 

2011 Italy Mountains CV -   + + +

Casiwan-Launio 
et al. 

2011 Philippines Fishery reserve CV -   + -  +

Abramson et al. 2011 Zambia Water services DCE           
Navrud et al. 2012 Vietnam Flood prevention CV +/- + + +/- +/-  +

Schiappacasse 
et al. 

2013 Chile Forest restoration CV    +/-  - +

Vasquez et al. 2013 Chile Kelp beds CV           
Higuera et al. 2013 Colombia Cloud forest CV    +/- +/- -  +

Rai and 
Scarborough 

2013 Nepal Invasive species 
management 

DCE +/- +/- +/- +/- +/- +/-     

Pienaar et al. 2014 Botswana Wildlife 
conservation 

DCE           

Lankia et al. 2014 Finland Recreation CV    -  -     
Vondolia et al. 2014 Ghana Irrigation 

channels 
CV           

Vasquez 2014 Guatemala Water services CV +/- + +/- +/- -  +/-   
Davies et al. 2014 United 

Kingdom 
Long-term 
ecological data 

DCE           

De Rezende et al. 2015 Brazil Mangroves DCE           
Kassahun and 

Jacobsen 
2015 Ethiopia Integrated land 

management 
DCE + + -     

Tilahun et al. 2015 Ethiopia Forest 
conservation 

CV - + - +/-     

Gulati and Rai 2015 India Soil and water 
conservation 

CV   - +/- +/- -  +

Rai and 
Scarborough 

2015 Nepal Invasive species 
management 

DCE + + - - +/-     

Rai et al. 2015 Nepal Watershed 
services 

DCE +/- + - +/- -     

Shahrier and 
Kotani 

2016 Bangladesh Natural disaster 
mitigation 

CV   +/- - -      

(continued on next page) 
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Authors Year Location Topic Method Female 
(headed- 
household) 

Household 
size 

Wage (or off- 
farm) 
earnings 

Welfare 
measures 

Education 
level 

Age Time 
availability 

Threat 
appraisal 

Coping 
appraisal 

Social 
capital 

Gibson et al. 2016 Cambodia Water quality DCE           
Amare et al. 2016 Ethiopia Tree species CV           
Abbas et al. 2016 Pakistan Flood risk 

mitigation 
CV  + +/- +/- - -  +/- +

García-Llorente 
et al. 

2016 Spain Semi-arid region CV +/-    - - + +

Tadesse et al. 2017 Ethiopia Drought 
insurance 

DCE    +/-       

Tilahun et al. 2017 Ethiopia Weed control CV +/- +/-  + +/- +/-  +/-   
Wilker and 

Gruehn 
2017 Germany Urban green CV -     +/-     

Susilo et al. 2017 Indonesia Mangrove 
restoration 

CV +/- -  - +/- +/-  +

Ferreira et al. 2017 Portugal Marine protected 
areas 

CV       + +

Duran-Medrano 
et al. 

2017 Spain Forest fires DCE           

Lee and Wang 2017 Taiwan Forest park DCE   +

Bekele et al. 2018 Ethiopia and 
Kenya 

Invasive species 
management 

DCE           

Pondorfer and 
Rehdanz 

2018 Papua New 
Guinea 

Tsunami 
evacuation 

CV           

Shahrier and 
Kotani 

2019 Bangladesh Natural disaster 
mitigation 

CV  + +/- - - -     

Hagedoorn et al. 2019 Micronesia Nature based 
solutions 

DCE + -  - +/- +/-  + +/- +

Vondolia and 
Navrud 

2019 Ghana Flood insurance DCE           

Alfredo and 
O’Garra 

2019 India Water treatment 
plants 

CV +/- +/-  +/- +/- + +/- +/- +/- 

Owour et al. 2019 Kenya Mangroves DCE           
Khanal et al. 2019 Nepal Climate change 

adaptation 
DCE  +/- +/- + +/- + + - 

Rai et al. 2019 Nepal Hydropower 
effects on 
fisheries 

DCE           

Bocario et al. 2019 Philippines Coral reefs CV           
Alemu et al. 2020 Ethiopia Sustainable land 

management 
CV - +/-  + +/- -  +/-   

Atinkut et al. 2020 Ethiopia Waste 
management 

CV           

Endalew et al. 2020 Ethiopia Church forest 
conservation 

CV           

Girma et al. 2020 Ethiopia Lake CV  +/-  +/- + +/-     
Kassahun et al. 2020 Ethiopia Irrigation water CV    + +

van Oijstaeijen 
et al. 

2020 Ethiopia Invasive species 
management 

CV    +/- +/- +/-  +

Navrud and 
Vondolia 

2020 Ghana Flood insurance DCE           

Ando et al. 2020 U.S. Stormwater 
systems 

DCE           

Meginnis et al. 2020 Uganda Health 
intervention 

DCE    -       

Hagedoorn et al. 2020 Vietnam Nature based 
solutions 

DCE +/-  +/- - - -      
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Fig. B.1. Results of the ordinal variable on previous time contributions that is used for the expressed past WTCT analyses per case study site.  

Table B.1 
Overview of all the variables that are included in the intended future WTCT and expressed past WTCT analyses.  

Variable Description 

Demographics 
Gender Gender of respondent. 
Household size Number of people in the household. 
Wage labour income Percentage of income originating from wage labour. 
Income Monthly household income, continuous variable based on categories. 
Education level Education level ranging from no formal education to university education. 
Age Age of respondent. 
Time availability Time available for leisure of respondent, calculated based on survey data on time spend on paid and unpaid activities.  

Social capital 
United 11 point agreement Likert scale: “My community is very united”. 
Accepted 11 point agreement Likert scale: “I feel very accepted and at home in my community”. 
Help me 11 point agreement Likert scale: “I am confident that in a time of need a member of the community will help me”. 
I help 11 point agreement Likert scale: “I support other households in my community whenever they are in need of help”. 
Help others 11 point agreement Likert scale: “By helping others you help yourself”. 
Participate 11 point agreement Likert scale: “Members of my household often participate in community activities”. 
Communicate 11 point agreement Likert scale: “I regularly interact with other members of my community, also if there are no activities planned”. 
Trust 11 point agreement Likert scale: “Most people in my community can be trusted”. 
Social norms (composite) Mean of the variables united and accepted. 
Reciprocity (composite) Mean of the variables help me, I help, and help others. 
Participate (composite) Mean of the variables participate and communicate. 
Social capital (composite) Mean of the variables trust, social norms (composite), reciprocity (composite) and participate (composite).  

Coping appraisal 
Self-efficacy 11 point agreement Likert scale: “My household is able to effectively contribute to protecting – ecosystem – ”. 
Response efficacy 11 point agreement Likert scale: “As a community we are able to effectively restore – ecosystem – ”. 
Coping appraisal (composite) Mean of the variables self-efficacy and response efficacy.  

Threat appraisal 
Condition 11 point agreement Likert scale: “The – ecosystem – are in poor condition”. 
Worry 11 point agreement Likert scale: “I am worried about the future of the – ecosystem –”. 
Livelihood 11 point agreement Likert scale: “Protecting – ecosystem – is important for my household’s livelihood”. 
Existence 11 point agreement Likert scale: “Protecting – ecosystem – is important because I love nature”. 
Bequest 11 point agreement Likert scale: “Protecting – ecosystem – is important for future generations”. 
Non-use values (composite) Mean of the variables existence and bequest. 
Probability (composite) Mean of the variables condition and worry. 
Severity (composite) Mean of the variables livelihood and non-use values (composite). 
Threat appraisal (composite) Mean of the variables probability (composite) and severity (composite).  
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Annex C  

Fig. C.1. Exact copy of Fig. 4 included in Section 3.  

Fig. C.2. Fig. 5 (included in Section 5.1) adapted to allow for a more direct comparison with Fig. 4 from Section 3  
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Annex D  

Annex E  

Table D.1 
Identified relations between the broken down social capital composite and intended future WTCT. Based on interaction analyses in the choice experiment RPL models, 
where the variable in question was interacted with the time payment vehicle and thereafter included in the RPL model.  

Site Variable Volta Sakumono Quang Loi Hue 

United -0.00284 0.00634 0.08168** 0.28653*** 
Accepted 0.05099*** 0.00662 0.03640 0.05004 
Help me 0.04342** -0.01732 0.15071*** 0.20052*** 
I help 0.04976** 0.01746 0.09825** 0.20842*** 
Helping others -0.01492 0.02460* -0.03033 0.09898* 
Participate 0.07854*** 0.00291 0.07210** 0.17368*** 
Communicate 0.05749*** 0.03168** 0.10844*** 0.21478*** 
Trust 0.03736** -0.02113 0.05596 0.22627*** 
Social norms (composite) 0.02700 0.01101 0.08211* 0.24870*** 
Reciprocity (composite) 0.04308* 0.01932 0.11152** 0.24008*** 
Participation (composite) 0.09996*** 0.02581* 0.12736*** 0.27714*** 

*=0.1, **=0.05, ***=0.01 

Table D.2 
Identified relations between the broken down social capital composite and expressed past WTCT based on ordinal regression analyses with the experience variable.  

Site Variable Volta Sakumono Quang Loi Hue 

United 0.179*** 0.155** 0.193** 0.320*** 
Accepted 0.202*** -0.090 0.058 0.532*** 
Help me 0.078 -0.016 0.205*** 0.214** 
I help 0.159** -0.002 0.177** 0.432*** 
Helping others 0.154** -0.085 0.123 0.336*** 
Participate 0.544** -0.012 0.125** 0.228*** 
Communicate 0.211*** 0.040 0.185** 0.508*** 
Trust 0.291*** -0.074 0.018 0.343*** 
Social norms (composite) 0.271*** 0.086 0.165* 0.613*** 
Reciprocity (composite) 0.218** -0.111 0.240** 0.488*** 
Participation (composite) 0.573*** 0.028 0.216*** 0.482*** 

*=0.1, **=0.05, ***=0.01 

Table E.1 
Identified relations between the broken down PMT composites and intended future WTCT. Based on interaction analyses in the choice experiment RPL models, where 
the variable in question was interacted with the time payment vehicle and thereafter included in the RPL model.  

Site Variable Volta Sakumono Quang Loi Hue 

Coping appraisal 
Response efficacy 0.02018 -0.01383 0.04395 0.03599 
Self-efficacy 0.06033*** -0.00042 0.08181** 0.10128** 
Threat appraisal 
Condition 0.00742 -0.00368 -0.04594 -0.10340*** 
Worry 0.04311**** -0.00497 0.08337** -0.05332 
Livelihood 0.07614*** -0.00837 0.02042 0.08302*** 
Existence 0.05031** -0.01531 0.10080** -0.12249** 
Bequest 0.00955 0.01608 0.04093 -0.11659** 
Non-use values (composite) 0.04417 -0.00174 0.09983** -0.16408** 
Probability (composite) 0.03143 -0.00567 0.07013 -0.14934*** 
Severity (composite) 0.08251*** -0.00841 0.05906 0.09049* 

*=0.1, **=0.05, ***=0.01 
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