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Abstract 22 

Major global initiatives such as the United Nations (UN) Sustainable Development Goals (SDGs) 23 

have overlooked the prospects of the river ecosystem in achieving SDGs (e.g., SDGs  6, 14), 24 

despite the substantial role of the river in human civilisation, and the contribution of river 25 

restoration to ecological improvement. Realising the role of river social-ecological systems in 26 

providing ecosystem services (ES) to society, we have made the first step, through a systematic 27 

review, to identify progress, gaps and future research directions for river restoration research 28 

across the globe. We systematically reviewed articles and summarised the trends of river 29 

restoration within the explicit context of ES assessment. The economic and ecological aspects of 30 

river restoration were the prime focus of major studies, whereas social benefits have been least 31 

addressed. The results identified the research gaps and future opportunities and tried to supplement 32 

those gaps by addressing the questions that need to be researched in future studies. The proposed 33 

conceptual framework is designed how application of ES perspective help to integrate social 34 

benefits in river restoration research. If we are to achieve sustainable management of water, food 35 

production and zero hunger goals, overcoming the identified conceptual and methodological gaps 36 

and conceptualising the river as a social-ecological system is necessary for future river restoration 37 

research. 38 

 39 
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 1. Introduction 42 

The world’s rivers are home to more than 500 million people (UN-Water, 2018). The development 43 

of human civilisation has been significantly influenced by rivers due to the wide range of 44 

ecosystem services (ES) provided by river ecosystems (Grill et al., 2019). It has been estimated 45 

that at least 12 million tonnes per year of freshwater fisheries (one-quarter of the total production) 46 

comes from rivers (UN-Water, 2018). However, the indirect and critical roles of river ecosystems 47 

in sustaining other ecosystems such as wetlands, lakes, mangrove, deltas and estuaries are not 48 

quantified and underestimated. In general, more than 75% of the world’s biomes are influenced by 49 

river ecosystems (UNESCO 2017). Since the development of human civilisation, agricultural 50 

production has been highly dominated and influenced by these ecosystems. However, despite 51 

playing a critical role in human development and the major ecosystems of the world, river 52 

ecosystems have been overexploited for human needs (Sinha & Kannan 2014, WWF 2018), 53 

creating a scarcity of water. 54 

Despite several global and national initiatives, there is a growing consensus that river ecosystems 55 

are under threat due to increases in population, resource exploitation and pollution, damming and 56 

global environmental changes (Gilbert 2010, Deffner and Haase 2018). These result in devastating 57 

social impacts, which has been recently magnified by climate change crisis (Addy et al., 2016). 58 

Though the United Nations (UN) Sustainable Development Goals (SDGs) consider water to be the 59 

heart of poverty reduction across the globe, achieving many of the SDGs will be highly challenging 60 

if river ecosystems are not valued and restored. The restoration of rivers is tightly coupled with 61 

SDG 2 (zero hunger), SDG target 2.4 (sustainable food production), SDG 6 (sustainable water 62 

management) and SDG 14 (fisheries). However, SDG 14 mostly focuses on “oceans, seas and 63 

marine resources”, and thus overlooks river ecosystems (UN-Water, 2018) and underestimates the 64 
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value of river restoration in sustaining fisheries and agriculture and reducing poverty across the 65 

globe. In addition, without a focus on river restoration, it is highly unlikely that SDG 6 – 66 

sustainable management of water and sanitation for all – will be achieved at all. 67 

In general, river restoration is described as a variety of modifications of not only river channels 68 

but also adjacent riparian zones and floodplains (Bennett et al., 2013, Wohl et al., 2015). However, 69 

the definition is not limited to structural engineering (i.e. stabilisation of riverbanks); it also opens 70 

up avenues to include other aspects of river restoration as part of river management (Wohl et al., 71 

2005). It has been highlighted that purely physics‐based river management is inadequate and will 72 

not improve river environments and ecosystems in the long run. Thus, river management must not 73 

be limited to hazard reduction (i.e. flood control) but instead expand to include projects aimed at 74 

the improvement of riparian zones and river functions such as fish habitat, water quality, river 75 

recreation and livelihood (social aspects) (Johnson et al., 2020). 76 

The social benefits of river restoration are defined as the attributes that individuals, communities 77 

and societies derive from the services a river ecosystem provides, not limited to economic benefits. 78 

They are the outputs from the ecosystem that directly affect the well-being of humans (Schmidt et 79 

al., 2016). The social benefits are also a key element to the entire wellbeing and functioning of 80 

society. For example, people in developing nations are significantly reliant on clean river water 81 

provision for agriculture and fisheries (Korsgaard and Schou, 2010). In this case, ecological 82 

benefits would include reduction of pressure on any one fish stock thereby maintaining the 83 

ecological integrity of the river ecosystem. Environmental aspects of a river ecosystem would 84 

involve, depending on the individual restoration case, the assessment beyond freshwater ecological 85 

subjects and will pool data and information obtained across disciplines (water management, flood 86 

protection, agriculture, recreation, etc.) (Muhar et al., 2018). The economic benefits would include 87 
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creating individual profit through direct sale of fishes. But social benefits would imply local 88 

empowerment through the choices of resource management depending on seasonal availability of 89 

fishes, provided by ecological and environmental benefits. Thus, alterations in flow regimes have 90 

adversely affected not just the ecological, environmental and economic aspects of river ecosystems 91 

but also the intricate social connotations attached to them (e.g., choice, emotion). These social, 92 

nonmarket benefits of river restoration are typically overlooked and thus have been often 93 

underestimated (Parker and Oates, 2016; Schmidt et al., 2016). 94 

It is thus important to clearly understand and distinguish ecosystem services (ES) from social 95 

benefits in this case. The Millennium Ecosystem Assessment (MEA, 2005) defined ecosystem 96 

services as the benefits that people obtain from ecosystems to achieve a general human wellbeing. 97 

The MEA has classified ES into provisioning services (products obtained from ecosystems, e.g., 98 

food, fibre, and water), regulating services (benefits achieved from regulation of ecosystem 99 

processes, e.g., climate regulation, flood regulation), cultural services (non-material benefits 100 

people obtain from ecosystems, e.g., recreational, aesthetic and spiritual benefit) and supporting 101 

services (services that are necessary for the production of all other ecosystem services e.g., soil 102 

formation and retention, nutrient cycling, water cycling, and provisioning of habitat) In this study, 103 

we identify ecosystem services and the relative significance that people assign to benefits provided 104 

by these services, expressed through various means such as monetary units, rating or ranking. ES 105 

can be categorised separately from the benefits it provides to the society, and the latter’ can be 106 

assigned with a value  (including market values or costs) (Schmidt et al., 2016). ES is therefore 107 

where the supply of biophysical functions and processes meet the demand for benefits that society 108 

can derived from nature (Potschin and Haines-Young 2011). Consequently, ES can form a key 109 

link in identifying and recognising the social importance of river restoration. The emergence of 110 
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ES in freshwater hydrology is not new; it has been identified in the works linking eco-hydrologic 111 

processes to human well-being (Brauman, 2015). Dufour et al (2011) integrated ecosystem 112 

services when improving river restoration opportunities. They identified that river restoration 113 

objectives are defined as the combination of what we can have (i.e., potential functioning) and 114 

what we want (i.e., society’s wishes). Indeed, ecosystem services have also been recognised for 115 

their potential to raise awareness in society about management practice  of landscape of river basin 116 

(Böck et al., 2018). 117 

The linkages between the ecological effects of river restoration measures and the societal 118 

importance of these measures are inadequately represented in the scientific discussion (Deffner 119 

and Haase 2018). Until the latter half of the 20th century, river restoration primarily focused on 120 

improving the physical conditions of water quality. Gradually, it expanded to include improvement 121 

of river function and ecological productivity (Wohl et al., 2015) in the most recent three decades. 122 

River restoration, however, goes beyond morphological and ecological improvements. For 123 

centuries, society has interacted extensively with rivers. A restored river not only promotes a 124 

quality environment but also provides people with a place that fulfil variety of social and 125 

psychological needs. Rivers play a very strong role in enhancing physical and mental wellbeing as 126 

well encouraging social and cultural cohesion, acting as a major driver in enhancing social 127 

relations (Anderson et al., 2019).  128 

The majority of studies that have been conducted linking river restoration and ES have intrinsically 129 

focused on ecological and economic benefits. For example, some studies (Gilby et al., 2019) have 130 

identified potential ecological restoration sites using quantitative goals to identify where 131 

restoration would be most successful. Similarly, determination of economic benefits in terms of 132 

cost-benefit analysis (CBA) (Akron et al., 2017, Carolus et al., 2018, Logar et al., 2019) has 133 
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become significant in determining the monetary valuation of river restoration. These 134 

considerations stem from the fact that restoration projects are extremely expensive. As such, there 135 

has been a considerable amount of debate on the utility of such investments (Sarvilinna et al., 136 

2017). Other studies explore rivers as social-ecological systems (SES) (Dunham et al., 2018) that 137 

can integrate ES. 138 

However, the social benefits of river restoration from ES perspectives are still underestimated. 139 

This paper seeks to fill this research gap by examining state-of-the-art river restoration research 140 

on social benefits. Furthermore, it aims to investigate the extent to which river restoration research 141 

has integrated the social benefits derived from ES. We have focused on the following research 142 

questions in order to identify the research gaps and opportunities in the field of river restoration in 143 

the context of social benefits from ES: 144 

1. What are the current trends in the nature of river restoration research within the explicit 145 

context of ES assessment? 146 

2. What are the research gaps and opportunities for further studies on the societal benefits of 147 

river restoration? 148 

3. To what extent has the concept of ES been used in the reviewed studies identifying the 149 

social benefits of river restoration?  150 

The existing published scientific articles on the topic have primarily concentrated on: (i) river 151 

restoration concepts and definitions (Wohl et al., 2005); (ii) focus and methods of assessing river 152 

restoration (Gilby et al 2019, Makwinja et al 2019); and (iii) linkage of ecosystem services to 153 

monitor river restoration (Colloff et al., 2019; Esse et al., 2019). This paper complements these 154 
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works by conducting a systematic review with a focus on the social benefits of river restoration 155 

and associating ecosystem services with it. 156 

2. Methodology 157 

2.1 Search key and selection approach 158 

The systematic literature review was conducted as a three-step process following the three research 159 

questions. 160 

Figure 1 represents the literature search and selection process. Scientific literature was identified 161 

using Web of Science and Scopus, which are still considered the main sources of citation data  162 

(Mongeon and Paul-Hus, 2016), for the period between 1998 and 2019. The literature search was 163 

conducted between September and December 2019 using the following search terms: (River* OR 164 

stream* OR channel*) and (Restoration* OR Management* OR Rehabilitation*) and (Social OR 165 

Societal OR Human) and (benefit* OR success*) and ("Ecosystem Services") screening titles and 166 

abstracts. Our systematic reviews were limited to scientific peer-reviewed publications (journal 167 

articles, reviews and book chapters) and articles published in English. 168 

The initial steps of the literature search returned 275 published articles based on the search 169 

keywords in Web of Science (273 articles) and in Scopus (301 articles). The bibliography was 170 

verified manually to eliminate any false positives, which are more detrimental than false negatives 171 

in a systematic review (Kwon et al., 2015). After excluding the duplicate articles and again 172 

examining each article’s title, abstract and keywords, the total number of articles was limited to 173 

157. All these articles were further screened by examining full texts to determine final inclusion. 174 

The number of potentially usable articles was reduced to 125. The list of articles used in the review 175 
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has been included in the supplementary information (SI), with a detailed bibliography in S1 Table 176 

2.  177 

 178 

Figure 1. PRISMA flow diagram showing the procedure was applied after the literature search (i.e., abstract 179 

and full-text screening against inclusion and exclusion criteria, and final included studies for systematic 180 

review). 181 

2.2 Qualitative and quantitative data analyses 182 

The reviewed articles were categorised screening full text information describing the spatial scale 183 

of the research (global, national, regional and local), article types, along with research focus or 184 

derived benefits (economic, ecological, environmental or social), ecosystem services and their 185 
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types (provisioning, regulating, supporting and cultural), research methodology and approaches 186 

(quantitative and qualitative) (SI Table 3). The data were also coded (Maxwell and Miller, 2008) 187 

and analysed using R (SI Table 4). The procedure of four types of metadata categorisation is stated. 188 

The first type of metadata included general nature of the study including the study site (Figure 2) 189 

and the spatial coverage of the study (Figure 3) between 1998-2019. The spatial coverage was 190 

categorised in the form of either global, national, regional or local scale. Articles were grouped 191 

under global scale which depicted a general focus through the world with global perspective or 192 

across different countries in different continents (>3 study sites in different continents). For 193 

example, study on global South (Wantzen et al., 2019) or on developing countries (Lucas and 194 

Kibler, 2016). Those articles which examined river restoration throughout the country like in the 195 

United Kingdom (Riley et al., 2018) were categorised under national scale. Regional scale articles 196 

would include research in multiple locations within the country were as local scale would have 197 

limited its research on a particular region or city, for e.g., a part of city of Vienna in Austria (Sanon 198 

et al., 2012). Research focus (economic, ecological, environmental or social) were also categorised 199 

and presented (Figure 4) to show any overlap between the studies. 200 

The second type of metadata was used to identify the major focus or derived benefits, and methods 201 

of the reviewed studies. The research focus was determined by examining the objective of the 202 

study, goal of river restoration policies and/or the response of the final results of such policies.  203 

Similarly, a word frequency query was undertaken (Figure 5) to determine the most common 204 

methods used in the study. Word clouds are very good indicators of frequencies of words per text 205 

(Welbers et al., 2017) without considering word positions. We extracted the different focus and 206 

methodologies explicitly expressed or that could be inferred from the methodology of the studies. 207 
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This was done manually going through each article explicitly and identifying them (SI Table 3). 208 

The texts were mined using “Tidyverse” package in R (SI Table 4). 209 

The third type of metadata focused on identifying the type of ecosystem services mentioned in the 210 

literature. The mentioned articles would have the term ‘ecosystem services’ present either in 211 

keywords or in the results section of each studies.  In particular for each study, the four types of 212 

ecosystem services (provisioning, regulating, supporting and cultural) were categorically 213 

identified and coded. 214 

The fourth type of meta data was related to establishing the inter-relational intensity among the 215 

different qualitative sectors, namely focus, methods, ecosystem services and approaches of the 216 

research. We used a unique data visualisation tool to interpret their relation simultaneously. 217 

Visualisation is increasingly used by researchers to make sense of their data and communicate 218 

findings more widely (Allen, 2018). It is a way of representing data that allows its meaning to be 219 

communicated clearly and facilitate comprehension of data. Such a visualisation tool i.e., chord 220 

diagram helped us convey the four categories (focus, ecosystem services, methods and approaches) 221 

of information related to the content of each reviewed literature. The nodes captured the relative 222 

participation of the categories namely, focus, methods, ecosystem services and approaches while 223 

the edges connecting each node identified the presence of relation between them (SI Figure 5). 224 

The size of the edge denoted the frequency of association between each node.  This categorisation 225 

assisted in the further representation of data based on the information. 226 

  227 
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3. Results 228 

3.1 Summary and spatial-temporal scale of river restoration research in the context of ES 229 

and social benefits 230 

Our review focused on the 125 articles examining river restoration research across the globe. Out 231 

of the total 125 manuscripts, 22 were reviews, 96 were primary research articles and six were book 232 

chapters. Figure 2 shows the geographical distribution of the research in river restoration research. 233 

Most of the research was conducted in the USA, Canada, Australia, Spain and China. There was a 234 

smaller representation of research conducted in developing countries such as India, Indonesia and 235 

Kenya. 236 

 237 

Figure 2. Geographic distribution of published research on river restoration studies within the search 238 

criteria. 239 

Examining the spatial scale of the studies (Figure 3), 36 articles focused on the global scale and 240 

28 on the national scale. The highest number (n=48) of studies focused on the regional scale, 241 
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whereas only 13 focused on the local scale. The number of peer-reviewed articles on river 242 

restoration has increased gradually after 2011. However, local-scale research did not increase by 243 

much compared to global and regional-scale studies on river restoration. 244 

 245 

Figure 3. Spatial coverage of the river restoration studies published between 1998 and 2019. 246 

The review identified that river restoration studies are dominated by the ecological perspective 247 

(38%), with comparatively few cases examining the economic (25%), environmental (21%) and 248 

social (16%) perspectives respectively. However, it was found that certain studies concentrated on 249 

more than one perspective in their research (SI Table 3; Figure 4). Studies addressing ecological 250 

and environmental perspectives overlapped the most (n=11) followed by social and economical 251 

perspectives (n=7) (Figure 4). There were some studies that addressed social and ecological 252 

aspects (n=4) (for e.g., Marttila et al., 2015; Everard and Quinn 2016), economical and ecological 253 

aspects (n=3) (for e.g., Gaglio et al., 2017) and as well as economical and environmental aspects 254 
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(n=3) (for eg., Phang et al., 2019). Only 1 study (Wantzen et. al., 2019) addressed both social and 255 

environmental aspects by analysing environmental impacts on urban hydro-systems including 256 

perception study of waterbodies by the residents. None of the studies addressed all four 257 

perspectives, however, we also found only 1 study (Rumbaur et al., 2016) that incorporated three 258 

of the four perspectives namely, social, ecological and economic aspects. The study identified 259 

sustainable land management of river basin by considering the three aspects combined.  260 

261 

Figure 4. The overlap of studies addressing different perspectives namely social (n=23), economical 262 

(n=37), ecological (n=55) and environmental (n=31). The numbers in the Venn diagram refer to the number 263 

research (n). 264 

 265 

 266 
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3.2 Current trends in river restoration research in the context of ES and social benefits 267 

Until the end of the 20th century, river manipulation for aesthetic and recreational purposes 268 

remained the more general approach to managing rivers; the concerns related to enhancing 269 

navigation and reducing the risk of loss of life and property (Wohl et al., 2015). This systematic 270 

review has revealed some important findings about current trends in river restoration research. 271 

First, we found that before 2013, studies were mainly conducted from an ecological standpoint 272 

(Wyk et al., 2006, Hopfensperger et al., 2007, Tuvendal and Elmqvist 2011). Some studies gave 273 

equal consideration to off-site characteristics and on-site characteristics while determining 274 

restoration sites by planners in order to maximise ecological benefits (Buckley and Crone, 2008), 275 

while others posited the idea of computer simulations to treat floodplains (Mori, 2009). 276 

Second, the focus of river restoration research gradually changed after 2013, moving towards a 277 

more economic approach significantly from 2017 onwards. The reason behind the shift of focus 278 

may be attributed to the fact that perhaps most restoration projects till then have not delivered the 279 

hydrological, morphological, ecological, and societal benefits that were anticipated (Johnson et 280 

al., 2020) and was thus, under achieved. Studies later on shifted focus to justify the economic cost 281 

incurred by small to large-scale river restoration projects (Pattison-Williams et al., 2017, 282 

Sarvilinna et al., 2017). This has led to a rise in studies involving a cost-benefit analysis and local 283 

willingness to pay for cost validation. Some studies have identified that the benefits of river 284 

restoration are estimated to compensate for the project costs (Polizzi et al., 2015), thereby 285 

justifying the investments. A bottom-up CBA is considered a beneficial approach to generating 286 

and assessing strategies that represent the preferences of local stakeholders and address a given 287 

environmental problem (Carolus et al., 2018). However, some studies also found that money issues 288 
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may affect people’s willingness to contribute to ecosystem restorations, especially in low-income 289 

households (Khan et al., 2019) and thus other forms of willingness might have to be considered. 290 

Third, identifying the social benefits of river restoration is a relatively new focus and has been less 291 

represented in river restoration research. Our review found that although certain studies estimated 292 

the social benefits of river restoration, those studies mostly focused on economic valuation 293 

(Vermaat et al., 2016) or willingness to pay (Makwinja et al., 2019) for river restoration. A few 294 

studies that took social benefits into account identified a societal preference for a more “natural” 295 

river and water quality (Chen et al., 2017), and considered that a “sense of place” determined the 296 

participation of different actors (Verbrugge et al., 2019).  297 

The results comparing different spatial scale of the studies revealed variety of approaches followed 298 

in particular research. Where global-scale river restoration research primarily analysed the overall 299 

environmental impacts and effects of urban hydro-systems (Wantzen et al., 2019) and the strategies 300 

to restore freshwater ecosystems from salinisation (Schuler et al., 2019), national scale studies 301 

focused on national policies involving government, experts, industry and local stakeholders, from 302 

small water bodies (Riley et al., 2018) to large river sanctuaries (Islam et al., 2018). Regional-scale 303 

studies were focused on specific decision-making frameworks (Zhang et al., 2019) such as 304 

predicting instream siltation (Scott et al., 2018), or channel rehabilitation (Tedford and Ellison, 305 

2018) to improve water quality and aquatic biome to help understand ecological security in a 306 

watershed (Li et al., 2018). Local-scale studies primarily emphasized on willingness of local 307 

people towards payment for restoration (Khan et al., 2019) or identification of ES and their values 308 

(Foran et. al., 2018; Terrado et. al 2013) in smaller river basins. 309 

Despite growing focus to address aspects of river restorations at different scales, there is no 310 

shortage of potential challenges. The major challenges in recent river restoration projects that came 311 
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up the most frequently were: identifying the stakeholders who would be responsible for payments 312 

for such projects (Logar et al., 2019), especially considering low-income households (Khan et al., 313 

2019) with budget constraints (Foran et al., 2018); and increasing regulatory restrictions. The other 314 

challenge associated with river restoration projects was the reliability of available data (Lóczy and 315 

Dezső, 2019) and difficulty in river data acquisition (Momblanch et al., 2017).  316 

 317 

3.3 Conceptual and methodological approaches in river restoration research  318 

The most frequently used methods addressed by the studies using a word cloud (Figure 5). The 319 

word cloud extracted the different methodologies that were explicitly expressed or could be 320 

inferred from the methodology of the studies. This was done manually, going through each article 321 

explicitly and identifying them. The majority (70%) of the reviewed articles (SI Table 3) used a 322 

quantitative approach. Most of these quantitative studies analysed river restoration projects 323 

through economic valuation, namely cost-benefit analysis (e.g. Akron et al., 2017, Carolus et al., 324 

2018). This was followed by determining local people’s willingness to pay using questionnaires 325 

(Marttila et al., 2016) and choice experiments (Gilby et al., 2019) for river restoration. 326 

Additionally, the application of the DPSIR (Drivers, Pressures, State, Impacts, Responses) 327 

framework, which expanded the “response” component with an analysis of the social background 328 

of decision-making (Schindler et al., 2016; Wantzen et al., 2019), was also popular.  329 
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 330 

Figure 5. Representation of scientific literature in relation to the methodology used in river restoration 331 

studies, using a word cloud. The word cloud extracted the different methodologies that were explicitly 332 

expressed or could be inferred from the methodology of the studies. This was done manually, going through 333 

each article explicitly and identifying them. This word cloud shows that river restoration studies have 334 

mostly focused on economic valuation, namely Cost-Benefit Analysis (CBA) and/or Willingness to Pay 335 

(WTP). 336 

The remaining 30% studies used qualitative methods, including semi-structured interviews (Bark 337 

et al., 2016), and some identified rivers as social-ecological systems (SES) connecting ecological 338 

elements along with complex social interactions across spatiotemporal scales (Dunham et al., 339 

2018). Using methods such as photo questionnaire interviewing (Chen et al., 2018) and conceptual 340 

modelling (Martin et al., 2018), some of the studies integrated both qualitative and quantitative 341 

methods. 342 
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The analysis (Figure 5 and SI Figure 1) of this study found that among the reviewed methods, the 343 

commonly used method was cost-benefit analysis (11.45%), followed by local willingness to pay 344 

(7.63%). The contingency valuation method (CVM) and questionnaires were only used in 5.34% 345 

studies on river restoration.   346 

 347 

3.4 Ecosystem services (ES) concept in river restoration research 348 

Categories of provisioning, regulating, supporting and cultural ecosystem services in river 349 

restoration research are shown in Figure 6. It was found that cultural services (n=54) and 350 

provisioning services (n=52) were the most represented services; water provision (n=18), fisheries 351 

(n=10), energy (n=6) and agriculture (n=17) were the most frequently covered among provisioning 352 

services; and recreation (n=25) and aesthetic services (n=14) were the commonly covered cultural 353 

services, possibly because of the high monetary value of these river ecosystem services. Cultural 354 

services include education, learning opportunities, spiritual factors, birdwatching and boating. 355 

Eco-tourism and other activities (e.g., fishing, swimming, nature viewing, walking or socialising) 356 

were also frequently discussed. We also found that recreation, aesthetics, water, fisheries and 357 

agriculture (n=~10 each) mostly dominated the literature; and supporting services were least 358 

represented in river restoration research, which can be attributed to the fact that not all ES 359 

frameworks acknowledge supporting services as distinct from regulating services. 360 
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 361 

Figure 6. Number of published papers using river restoration studies to address provisioning, regulating, 362 

supporting and cultural ecosystem services within the search criteria between 1999-2019. The total number 363 

of papers (n=125) are coded multiple times, as one study could consider more than one ecosystem service. 364 

The chord diagram (Figure 7) established the relationship between the different focuses of research 365 

elicited in the reviewed studies, the ecosystem services attached to them and the valuation 366 

methods. The width of the linkages corresponds to the frequency of connections between them. 367 

The ecological focus, which was the most elicited, shares an equal maximum reference with both 368 

regulating and cultural ecosystem services (n=18), closely followed by provisioning services 369 
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(n=17). Economic-focused studies mostly covered cultural services (n=18) and provisioning 370 

(n=15). Following the trend, social-focused studies addressed provisioning and cultural services 371 

most often (n=11), followed by regulating services (n=9). The number of studies using the 372 

quantitative and CBA method is highest (n=13), followed by WTP (n=8) and CVM (n=6). 373 

Qualitative approaches have an equal share of studies with CBA, WTP, questionnaire and choice 374 

experiments (n=3). Most CBA studies focused on cultural services (n=9), while WTP mostly 375 

addressed provisioning services (n=5). 376 

 377 

Figure 7. Chord diagram. This figure establishes the relationship between the different focuses of research 378 

elicited in the reviewed studies, the ecosystem services attached to them and the valuation methods. CBA= 379 

Cost-benefit analysis, WTP= Willingness to pay, CVM= Contingent valuation method, SES= Social 380 

ecological system, InVest= Integrated Valuation of Ecosystem Services and Tradeoffs) 381 
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 382 

4.Discussion 383 

Despite a steady rise in research over the past decade, our review identifies several persistent 384 

knowledge gaps and methodological challenges. In addressing these gaps, measures must be 385 

focused on future research. This systematic review also supplements these gaps by setting out the 386 

questions that need to be researched in future. 387 

4.1 Knowledge gaps and methodological challenges in river restoration 388 

Most of the addressed benefits of river restoration were measured using economic values. This not 389 

only creates a bias in the different approaches of studies but also complicates comparability in 390 

other aspects and their outcomes – a neglected factor that has been emphasised in other studies 391 

(Deffner and Haase 2018). Over recent years, bottom-up cost-benefit analysis has been promoted 392 

as a useful tool to measure, compare and monitor the complexity of costs involved in river 393 

restoration projects (Carolus et al., 2018) in terms of information and implementation. Involvement 394 

of public perception as a validation of the success of any river restoration projects has been not 395 

extensively conducted. ES is argued to be a fitting approach to this kind of restoration study 396 

(Vermaat et al., 2016). Table 1 summarises the persisting gaps and needs based on our systematic 397 

review. 398 

Table 1. Summary of knowledge gaps in focus, methodological factors and ecosystem services as 399 

identified, along with future needs relating to river restoration studies.  400 
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Aspect Gaps Needs 

Focus perspective Earlier studies on river restoration 

primarily focused on improvement 

of physical conditions of the river. 

Later studies recognised the 

importance of the role of rivers in 

promoting social and cultural 

cohesion (Anderson et al., 2019). 

Thus, one of the most important 

research gaps was that there was 

very little focus on social benefits 

of river restoration studies. Most of 

the social benefits that are 

addressed only measure the 

benefits through economic and 

monetary gains (e.g., river 

restoration generates revenue 

through tourism) 

 

Further research addressing the 

social benefits of river 

restoration (Deffner and Haase 

2018). A restored river is not 

limited to providing quality 

environment but also provides 

people with a place that satisfy 

social and psychological needs. 

Adoption of conceptual 

framework for characterising 

these social benefits in ways 

other than economic profit (e.g., 

psychological, knowledge, 

health) should be targeted. 

 

 

Methodological 

perspective 

Few river restoration and benefit 

assessments conduct any sort of 

validation through public 

Benefits or success are not only 

determined through a fixed set 

of economic indicators but use 
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Aspect Gaps Needs 

perception. Assessments often use 

the same set of indicators to tackle 

the complexity of estimating the 

success of river restoration (e.g., 

cost-benefit analysis, willingness 

to pay).  

 

 

 

other qualitative assessments 

(Olander et al., 2018) through 

public opinion, perception or 

valuation. Further research on 

scope of estimating river 

restoration success where 

willingness to pay is lower 

because of the low economic 

conditions of the residents 

(Khan et al., 2019) or 

identifying who should pay for 

river restoration (Logar et al., 

2019) 

 

 

Ecosystem 

Service 

Cultural (e.g., recreation, 

aesthetics) and provisioning (e.g., 

water, fisheries and agriculture) 

ecosystem services were mostly 

identified in river restoration 

Attention should be devoted to 

understanding the role of 

ecosystems and their services as 

drivers of social benefits, as 

well as opportunities for the 

increasing success of river 
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Aspect Gaps Needs 

studies with a lack of identification 

of supporting services. 

restoration projects, as 

economical evaluation is not 

the sole identifier (Dufour et al., 

2010). More emphasis on 

regulating services in the 

success stories of river 

restoration projects, as WTP is 

low for regulating services 

(Matzek et al., 2019) 

 401 

There are relatively few studies that explicitly highlights social benefits of river restoration, and 402 

thus an important research gap. The adoption of a conceptual framework that characterises the 403 

social benefits of river restoration highlights an important research gap. From the methodological 404 

perspective, the river ecosystem has not been conceptualised as a social-ecological system that 405 

provides a dynamic interplay between a river, human wellbeing, and other biophysical systems 406 

such as climate and biodiversity. In particular, the insight into how the community have benefitted 407 

from river restoration could be inform river restoration policies across different scale. Though most 408 

of the studies have used similar sets of indicators to investigate how the social benefits are 409 

changing positively or negatively due to river restoration, longitudinal analysis (Hossain et al., 410 

2015) or co-evolutionary approach (Barbosa et al., 2016) could advance the research and inspire 411 

science and policy learning from the past and guide future river restoration projects.  412 
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Furthermore, the use of traditional sets of indicators to estimate the success of river restorations 413 

(e.g., CBA) may fail to recognise the long-term benefits and counteract perspective goals of river 414 

restoration. In terms of ES in river restoration research, supporting services have been highly 415 

overlooked in previous studies. Similarly, the social benefits derived from ES have also only been 416 

considered by a few studies (Table 1). 417 

4.2 Opportunities for river restoration research 418 

The major problem with ES is the difficulty of translating theory into practice on the part of 419 

policymakers and practitioners (Bouma and Beukering, 2015; Tusznio et al., 2020). Incorporating 420 

ES into river restoration research brings an additional layer of complexity (Böck et al., 2018). 421 

However, despite these challenges, the valuation methods for ES must identify, acknowledge and 422 

embrace the fact that irrespective of the choice of methodology (market, non-market or constructed 423 

market method), individuals’ identification with nature, along with changing preferences and 424 

dynamic learning, plays a very important role (Kumar and Kumar, 2008). 425 

Under this dynamic valuation of ES, opportunities for further research have already been identified 426 

(Table 1). Future research questions are: How can the potential societal benefits other than 427 

economic measures be assessed? How does the ES concept provide an efficient way of determining 428 

these benefits? The next major challenge is, therefore, the availability or accessibility of regional 429 

and local-level social data to support these identified research gaps. The social benefits of river 430 

restoration from an ES perspective need to be more fully developed to understand their influence 431 

from a wider perspective. For example, the participation of actors in the regional level can 432 

contribute to defining public policies for sustainable management and conservation of ecosystems 433 

(Esse et al., 2019). Future research could focus on: (i) identifying those actors who enjoy the 434 
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benefits directly or indirectly; and (ii) including their opinions, perspectives and validations when 435 

identifying the benefits. 436 

Supporting services such as habitat services, biodiversity and nutrient cycling could be 437 

incorporated when assessing the success of river restoration. Historical and future changes in 438 

regulating services could provide long-term perspectives on restoring rivers. Moving beyond the 439 

traditional approach of focusing economic value of river restoration, a dynamic perspective of 440 

river restoration in terms of regulating and supporting services, with a link to social benefits, could 441 

help to achieve both short and long-term goals of river restoration. 442 

Future research should better understand the interlinkages between social benefits and river 443 

restoration in terms of how river restoration is supporting community and how community could 444 

foster the river restoration in the long term, which can be achieved by providing a human-nature 445 

perspective through social-ecological systems approach (TEEB 2018; Willcock et al., 2016). In 446 

particular, understanding the interlinkages (e.g., Hossain et al., 2020) between river restoration 447 

and social benefits could support modelling river restoration to generate social benefits and vice 448 

versa projecting future social-ecological changes in the face of climate change. 449 

4.3. Conceptual Framework 450 

We propose a conceptual framework for better consideration of social benefits in river restoration 451 

studies and practice, through consideration of ES. The framework is centred on the question: how 452 

we can describe the interactions between river restoration and the social benefits derived from ES? 453 

Our proposed conceptual framework (Figure 8) portrays the interactions within and between the 454 

components (drivers, pressure, action, catalyst, impact and response) of river social-ecological 455 

systems. The framework was inspired by Nassl and Löffler (2015), who created a cycle of ES 456 
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provision and societal feedback. However, our framework has been modified to create a niche 457 

accommodating the factor of river restoration. Responding to the identified needs in river 458 

restoration studies, the prosed framework incorporates ecosystem services as a catalyst in 459 

identifying the shared social values and human well-being as a result of restored rivers. 460 

The framework portrays the likely direction of interactions among the factors, namely drivers, 461 

pressure, action, impact and response, with the insertion of catalyst and linkages. The driving 462 

factor (e.g., demand for better physical condition of rivers) exerts a pressure which in turn, results 463 

in the provision of river restoration plans, also identified as actions. However, in this scenario, the 464 

involvement of ES can act as a catalyst in identifying the shared social values and human well-465 

being (impact). This generates deliverables (e.g., mental well-being, social cohesion) as a 466 

response, creating and instigating more drivers (e.g., further demand) to act upon it. In this regard, 467 

the impact is enhanced by the involvement of human participation and the inclusion of SDGs in 468 

the action plan as linkages. The framework presented here is centred on the question: how can we 469 

potentially describe interactions between river restoration projects and generation of social benefits 470 

through various linkages (human involvement, SDGs) and catalysts (ecosystem services)? Thus, 471 

by including ES, our approach enables the analysis of social benefits and the formulation of river 472 

restoration goals. Human participation would enhance the scope of identification of social benefits, 473 

(e.g., people bond while fishing together), while connecting SDGs would expose the concept to a 474 

more global approach. This circular chain can provide a better understanding of the social benefits 475 

derived from river restoration. Engagement of stakeholders (e.g., local inhabitants, administration 476 

bodies, river activists) forms a crucial link and will help achieve a better understanding and 477 

appreciation (Mould et al., 2020). Identifying the social benefits of river restoration is in itself a 478 

time-consuming process; thus, finding ways to engage stakeholders is needed to overcome this 479 
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challenge. The proposed framework has considered the spatial and temporal scale to which the 480 

system components would adhere. 481 

 482 

Figure 8. A conceptualised framework. The framework is inspired by Nassl and Löffler (2015) and portrays 483 

the likely direction of interaction among the factors. The factors as identified are drivers, pressure, action, 484 

impact and response, with insertion of catalyst and linkages. The river restoration plans are identified as 485 

actions.  The involvement of an ecosystem services will act as a catalyst in identifying the shared social 486 

values and human well-being (impact). This generates deliverables as a response, creating and instigating 487 

further drivers to act upon it. The impact is enhanced by involvement of human participation and inclusion 488 
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of SDGs in the action plan as linkages. The proposed framework considers the spatial and temporal scale 489 

to which the system components would adhere. 490 

 491 

5. Conclusion 492 

Goal 6 of the Sustainable Development Goals (SDGs) formulated by the UN General Assembly is 493 

to “ensure availability and sustainable management of water and sanitation for all”. More 494 

specifically, the aim is to protect and restore water-related ecosystems by 2030 (SDG 6.6). The 495 

decision to incorporate a dedicated water goal (SDG 6) among the 17 SDGs is a clear recognition 496 

that water is not only part of many other SDGs but in many aspects their precondition. However, 497 

even though river ecosystems are mentioned in this SDG, we found that the major limitation is 498 

that the goal focuses mainly on restorations of wetlands (UN-Water 2015), and SDG 14 mostly 499 

focuses on “oceans, seas and marine resources”, thus overlooking river ecosystems (WWF 2018). 500 

River ecosystems are indispensable for human survival and the neglected focus on river restoration 501 

needs to be recognised. Thus, it is not feasible that a single goal can capture all relevant water-502 

related ecosystems equally. This calls for separate sub-goals for river restoration and the 503 

stakeholders involved. In this situation, it would be preferable if concepts of ES approach were 504 

introduced to aid in the process of valuing river restoration. 505 

The increasing number of studies questioning or appreciating river restoration is expanding our 506 

knowledge of the various benefits derived from these projects. In summary, previous studies have 507 

vividly considered the economic and ecological aspects of river restoration projects and their long 508 

and short-term benefits. They have also recognised the role of ES as an indicator of these benefit 509 

identifiers. Our study also revealed that studies on regional scale was most common followed by 510 
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global, national and local level. We also found that since 2013 onwards research on river 511 

restoration focused mostly on economic approaches (e.g., cost benefit analysis, local willingness 512 

to pay) with majority of studies using quantitative approaches. The way the benefits outweigh the 513 

heavy cost of river restoration projects has also been analysed. However, not all aspects have been 514 

distinctly addressed, and this creates scope for further research. Qualitative studies in river 515 

restoration research included mostly semi structured or in-depth interviews.  It was not surprising 516 

to find that cultural and provisioning services were frequently mentioned while supporting services 517 

was least mentioned in river restoration studies. Our study found that social benefits of river 518 

restoration was least addressed in river restoration studies and very few research articles addressed 519 

validation of such restoration projects through public perception analysis. Thus, our proposed 520 

novel conceptual framework portrays the importance of interactions within and between social 521 

benefits, ES and river restoration. If we are to achieve the sustainable management of water, food 522 

production and zero hunger goals, river restoration that takes the social benefits of ES into account, 523 

as well as the conceptualisation of the river as a social-ecological system, are required in future 524 

river restoration research. 525 
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