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Introduction

1As the core of most urban systems, many rivers and streams suffer from pollution and 
degradation, reducing their capacity to provide the range of benefits to the nearby 
communities they once did (Bergstrom & Loomis, 2017). The degradation and loss of 
streams and rivers world-wide, together with the subsequent recognition of the ecolo­
gical and environmental value of the services they provide, has made their restoration 
an important priority to consider (Morison & Brown, 2011).

In urban locations, rivers are a significant landscape. Costanza et al. (2014) estimate 
the value of urban ecosystems as 2.2% of the total world ecosystem value. But this 
might not agree with urban citizens' valuation of such resources (Dallimer et al., 2012). 
By restoring the natural functionality of rivers, ecological corridors are reopened, and 
lost habitats are regained. This enables rivers to resume their role as 'green lungs' for the 
public benefit, and sports and recreation facilities can be developed along the river 
(Vermaat et al., 2016).

The success of restoration should be based on more than just a budgetary analysis. 
Cost-benefit analysis (CBA) is a method widely applied to evaluate public water policies, 
as government interventions often relate to the provision of public goods, and effects 
on society. It is the wider social value attached to these ecosystem services, besides their 
ecological value, that is often missing in decisions regarding river restoration policy. As 
river restoration is costly (Angelopoulos, Cowx, & Buijse, 2017; Bernhardt et al., 2005;
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Kristensen, 1994), individual rivers should be exposed to cost-benefit analysis according 
to the merits of the estimated costs and benefits.

In the past, planning of river restoration was guided by a central cause, and its assess­
ment required the evaluation of that single cause alone (Clarke, Bruce-Burgess, & Wharton, 
2003). Examples include flood protection, or habitat protection for animals (Boon, Calow, & 
Petts, 1992; Pedroli, de Blust, van Looy, & Van Rooij, 2002). However, rivers provide a diverse 
set of services, and their rehabilitation requires an array of tools and components. The 
combined effect of all these components has the best chance for successful rehabilitation 
(Muhar, Schmutz, & Jungwirth, 1995) but might also be more difficult to market to the 
public than a single-cause project (Skinner & Bruce-Burgess, 2005).

Another economic aspect of restoration is financing. The two obvious sources of 
funds for such a project are visitors and taxpayers, as the benefits of restoration are 
shared by both its users and its non-users. Since rivers are public goods, economic 
theory indicates that taxpayers should pay the cost. However, taxes are not often 
generated for a particular project, and governments and municipalities have upper 
limits on tax recruitment. Collecting entry fees from visitors adheres to the beneficiary- 
pays principle and ensures that those who benefit from the amenity are the ones 
responsible for its financing.

In Israel, the issue of river restoration is important, and increasing in importance over 
time (Barak & Katz, 2015; Becker & Friedler, 2013; Becker, Helgeson, & Katz, 2014). But the 
consideration of partial restoration and finance has not yet been dealt with. In this article 
we deal with both issues and thereby hope to contribute to the literature on ecological 
restoration in general and river restoration in particular. We identify four components of 
restoration of the Kishon River, which flows through the city of Haifa in northern Israel, 
and estimate the worth of each component separately, as well as in the context of a 
total restoration. We use revealed and stated preferences valuation methods and derive 
insight into the impact of different pricing options on both the visitation and the welfare 
of existing and potential visitors.

The article continues as follows. The next section describes the issue of valuation of 
non-market benefits of river restoration. The following section describes the study area 
of the Kishon River. We then continue to describe the methods applied. This is followed 
by the results, discussion and conclusions.

Valuation of river restoration

The two main kinds of values that determine a healthy river or stream are use and non­
use values. Use values are the actual uses of the river, such as fishing or hiking. They also 
include option value, which is the value people place on the option for a future visit. 
Non-use values include a bequest value given by individuals to provide cultural assets 
for future generations (Kerna, Colby, & Zamora, 2017; Kolstad, 2000), and existence 
value, which is a value people place on things they know they exist without an intention 
to visit them. Non-use values have been shown to be significant for aquatic systems like 
streams and rivers (Barbier, 1994, 1995; Simon, 2016).

The total monetary value of river restoration is the sum of its different values. Several 
tools have been developed for ecosystem service valuation (Chen, Li, & Wang, 2009),
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including direct methods to estimate non-use values (OECD 2004; Alam, 2008; Ghosh & 
Mondal, 2013; Kotchen & Reiling, 2000).

A key component in the economic assessment is the non-market valuation of benefits 
from river rehabilitation. The fact that many of the benefits of rehabilitation do not have 
a price that is determined by the dynamics of supply and demand often engenders the 
misconception that rehabilitation is not worthwhile. This can lead to misjudgements by 
decision makers, and to insufficient allocation of funds to rehabilitation. This 'free-rider 
problem' (Ozono, Jin, Watabe, & Shimizu, 2016) reflects undervaluation of the benefit of 
the restored river. Solving it requires applying non-market value assessment models. 
These values, together with the valuation of the ecosystem services provided by the 
river, are important tools for decision makers who oversee river rehabilitation projects. In 
other words, they can help society allocate public resources more efficiently, resulting in 
greater overall public benefits.

The general population's willingness to pay (WTP) for improved river quality has been 
studied in many locations, including Bangladesh (Alam, 2008), Canada (Douglas & Taylor, 
1999), India (Imandoust & Gadam, 2007), the US (Kramer & Eisen-Hecht, 2002), Denmark 
(Atkins, Burdon, & Allen, 2007), Belgium (Chen et al. 2017), and the Baltic states 
(Monarchova & Gudas, 2009). In all these studies, the sole goal of the rehabilitation was 
water quality. Brouwer and Sheremet (2017), also considering water quality, estimated the 
average WTP for improved water quality in rivers across Europe, Asia, and the US at USD 
81.2 per household per year.

In Israel, Garcia and Pargament (2015) and Garcia, Corominas, Pargament, and Acuna 
(2016) estimated the net benefit of restoring the Yarkon River in Tel Aviv using both 
market and non-market benefits. Becker et al. (2014) estimated the net benefit of 
rehabilitation of the Jordan River. Becker and Friedler (2013) analyzed the hydro-eco­
nomic aspects of the Alexander-Zeimar River (Israel-Palestine Authority). Asaf, Negaoker, 
Tal, Laronne, and El Khateeb (2007) laid the foundation for effective river restoration for 
Israel and the Palestinian Authority, also dealt with by Maruani and Amit-Cohen (2009). 
Barak and Katz (2015) estimated WTP for the 14 main rivers and streams in Israel, also 
based on the number of people living within a certain distance of each of them. Most of 
the studies in Israel deal with cross-boundary issues. The Kishon River is not an excep­
tion, as can be clearly be seen from the map (Figure 1). However, unlike the cases above, 
the main issue in the Kishon is the downstream effects of pollution by the heavy 
industry located there, versus the potential recreational options. These two effects are 
completely within Israel's responsibility.

The high costs of a complete river restoration project highlight the importance of 
considering an alternative, 'partial restoration' scheme. In partial restoration, the max­
imal ecosystem rehabilitation and public benefit are compromised for a more affordable 
combination of restoration elements, such as cleaning the riverbed without treating the 
banks. The question of whether to insist on complete restoration or compromise on 
partial restoration is a complex one, involving the assessment of interactions between its 
components (McMillan & Noe, 2017; Wohl, Lane, & Wilcox, 2015), and beyond the scope 
of this study. This study focused on the economic aspects of partial restoration. Values 
attributed by the public to different aspects of restoring the Kishon River in Israel were 
defined, and different options for funding such a project were considered.
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Figure 1. Map of the Kishon River basin.

Study area

We chose the Kishon River in the north of Israel for a case study because it represents a 
river that is intensively managed in different ways in a complex rehabilitation process. 
This river has undergone severe pollution and degradation with the growth of the Haifa 
metropolis and its surrounding industry. Within a century, decline of biodiversity and 
ecological function and services transformed the Kishon River from a natural resource to 
a neglected, and even harmful, element. The initiation of the rehabilitation process and
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Figure 2. Potential revenue from entrance fees.

establishment of the Kishon River Authority in 1994 was supported by increasing public 
awareness of the benefits of successful rehabilitation using public funds (Kishon River 
Authority, 2003).

The Kishon River is one of the longest coastal rivers in Israel (Oren, Aizenshtat, & Chefetz, 
2006), stretching approximately 70 km from its origin in the Samaria Mountains to the 
Mediterranean Sea in Haifa Bay (Figure 1). It is fed by springs and the high water table of the 
Jezreel Valley and carries an average of 2.5 million m3 annually, with high variability 
between peak years (165 million m3 in 1991-92) and drought years (1.5 million m3 in 
1981-82) (Tamari, 2000).

The original flora included typical Mediterranean vegetation such as bay laurel 
(Laurus nobilis), oleander (Nerium oleander) and bulrush (Scirpus). The fauna included 
indigenous fish, many water birds, softshell turtles (Trionyx triunguis) and, until the end 
of the nineteenth century, even crocodiles (Crocodylus niloticus).

In a comprehensive review of its environmental history, Golan (2016) uses the story of 
the Kishon River to demonstrate the political-cultural shift in Israel's attitude to its 
natural resources. In Israel's early years, the Kishon's natural flow was captured to 
support the National Water Carrier project (in 1953), and regional sewage was directed 
to the river via a treatment plant (in 1961). This domestic contamination added to 
industrial and agricultural waste throughout the river system, with detrimental effects 
on the wildlife as well as on humans exposed to the water, who were harmed directly or 
affected by secondary contamination. According to Golan (2016), Israeli society sacrificed 
the most important waterway in the north of the country to support the building of the 
state. This ethos continued to prevail throughout the 1970s and '80s, despite accumu­
lating public unease with the river's physical condition. It was only towards the end of 
the twentieth century that the tide turned. This happened due to increasing environ­
mental awareness, supported by public concern regarding the incidence of cancer in 
naval commando unit veterans who had done extensive diving training in the Kishon 
River for years (Avishai, Rabinowits, Moiseeva, & Rinkvich, 2002; Shoshana, 2013). The 
shift in public opinion led to a decision by the Israeli government to engage in the
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rehabilitation of all its coastal streams, and particularly the Kishon River (O'Sullivan, 2001; 
Shoshana, 2013).

The Kishon River Authority, established in 1994, oversees 25 km of the river and its 
banks. Its stated missions are: to clean the riverbed, to manage the rehabilitation of the 
natural ecosystems, and to develop recreational parks for the benefit of the public. It 
was more than nine years before a solution for removing toxic water from the factories 
and preventing it from contaminating the river was implemented in 2002. Ecosystems 
have recovered gradually since work began in the mid-1990s, and by 2003, over 20 
species of animals and indigenous plants were reintroduced or reappeared in the Kishon 
River (Kishon River Authority, 2003).

Since 2003, a steady increase in ecosystem functions has been realized, and with it 
an increase in the public use of the Kishon River for recreation within the limited 
facilities available. But even years after the main sources of pollution were treated, 
the recreational potential was not realized, ecosystems were not fully restored, and 
biodiversity was unstable (Kishon River Authority, 2003, 2015). This was the context 
for the decision, in 2013, to allocate ILS 220 million (ILS 1 = USD 0.275) to a three- 
year action plan for the rehabilitation of the water and environment of the Kishon 
River (Shoshana, 2013). This budget was to include four different restoration ele­
ments: clearing the riverbed of contaminated sludge, and land development that will 
reduce the risk of future contamination; ecological restoration, including manage­
ment of invasive species and reintroduction of riparian and aquatic plants and 
wildlife in the river and its surroundings; improved accessibility for the public, by 
creating a network of paths and roads connecting both natural habitat and devel­
oped facilities to the urban matrix; and recreational development on the river banks 
and creation of sports facilities near the river for economic development. Most of the 
river park was to be made available for free public use, with the option to collect 
entrance fees for selected facilities.

Methods

To assess the value of the Kishon River's rehabilitation, the benefits derived from the 
project need to be identified: the direct values of increased provision of goods and 
services, improvement in water quality, and use of river water for tourism and 
recreation (Alam, 2008); the indirect value of its existence; and the optional values 
of its future uses. Combined use of both the travel cost method (TCM) and the 
contingent valuation method (CVM) was chosen since they complement each other 
(Eom & Larson, 2006; Whitehead, Haab, & Huang, 2000). Both these methods have 
been used to assess the benefits of river restoration in many places around the world 
(e.g. Hsu & Li, 1990; Imandoust & Gadam, 2007; Monarchova & Gudas, 2009). 
Assessments of river restoration projects often use non-market valuation, like hedo­
nic value, using land and property values adjacent to the natural resource (Garcia 
et al., 2016). But this method is not feasible in the Kishon River surroundings, as no 
residential areas have developed there.
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The contingent valuation method

CVM is the leading method for learning individuals' WTP for non-market goods (Carson,
2011), and for existence values and option values. The method involves asking respon­
dents what they would be willing to pay for a given quality change. As noted below, our 
specific question asks potential visitors about their WTP for different restoration options.

Payment card (PC) and discrete choice are the most popular formats in the literature 
(Carson, 2011). Initial results from focus groups convinced us that, in this case, PC might 
be more suitable to how respondents perceive the situation. Discrete choice is more 
popular, but discrete-choice answers reveal less information about a given respondent 
compared to PC. Covey, Loomes, and Bateman (2007) stated that by that year PC was the 
most popular method. It is still very common in health economics (Ryan & Watson, 
2009). Since Mitchell and Carson (1989) initially developed the PC approach to address 
survey bias in assessing WTP for public environmental and resource projects, many 
studies have used this method to measure WTP for public goods in general, and for 
rivers and marine resources in particular (e.g. Alam, 2008; Brox, Kumar, & Stollery, 2003; 
Douglas & Taylor, 1999; Huhtala, 2004; Pan, Zeng, & Zhang, 2012; Ressurrei^ao et al., 
2011).

Unlike referendum-type questions, the PC approach allows respondents to choose 
the amount that best reflects the price they would like to pay for a service. Since the 
number of values offered in a PC survey is limited, this approach does not face the 
boundary issue associated with some prior knowledge of the value of the resource, 
which is one of weaknesses of open-ended WTP questions.

In the past, a straightforward analysis approach was to simply regress the WTP values 
on various explanatory factors. Cameron and Huppert (1989) showed that this type of 
analysis of the chosen card values reflects the true WTP, but only the lower bound of a 
respondent's WTP. An alternative approach is to use a random utility framework. In a PC 
question, if individual i chose a card value CK as the highest acceptable price, the true 
WTP lies between CK and the next card value, CK+1 (CK+1 > CK) (Becker, Lavee, & Tavor,
2012). Under these conditions, an interval regression procedure should be used 
(Cameron & Huppert, 1989).

The travel cost method recreation demand model

TCM is a revealed-preference technique used to value non-market goods or specific 
value changes in the services they provide (Loomis & McTernan, 2014). Revealed pre­
ference means that we rely on the different visit frequencies of visitors living at different 
distances from the river. This, in turn, is used to estimate a demand function. The net 
benefit is the area under this function when taking all variables except price at their 
mean value and tracing the curve only as a function of price (travel cost).

Shechter and Freeman (1994) argued that three issues must be addressed for the 
results to be valid. First, the assumption is that visitors relate to travel cost as they would 
relate to an entrance fee. Second, the only product that contributes to the utility is the 
site itself and not the way to and from the site. Third, the time-cost of travel should be 
included in the trip cost. There are several ways to deal with travel cost, which are 
discussed by Amoako-Tuffour and Martinez-Espineira (2012).
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Since recreation trips must occur as integers, count data models have become common 
compared to OLS (Heberling & Templeton, 2009; Loomis & McTernan, 2014; Mendes & 
Proen^a, 2011). A potential problem relates to on-site collection of surveys. This is denoted 
by endogenous stratification and truncation. Truncation means that with sampling on site, 
the data are limited to people already there (number of visits at least 1). Since no zero-trip 
responses are observed, this truncates the dependent variable. Endogenous stratification 
means that not only are all the surveys performed on-site, the probability of surveying a 
frequent visitor is higher. Shaw (1988) demonstrated that both these issues can be 
corrected for by subtracting 1 from the reported number of trips. Otherwise, results 
may overestimate the WTP (Loomis, 2003; Martinez-Espineira, Amoako-Tuffour, & Hilbe, 
2006).

When dealing with a change in the value of the river due to a change in the quality of 
one of its characteristics, this should be reflected in changes in the number of visits. In this 
case, the WTP per day trip is simply the reciprocal of the travel cost coefficient, -1/ptc) 
(Englin & Shonkwiler, 1995). The change in the value of the river can be estimated either 
through the change in the benefit per visit under the two scenarios or in a pooled model 
in which each respondent is treated twice (before and after the change) and a dummy 
variable is added for the 'after' scenario.

Survey design

The survey was designed using Dillman's (2000) method. A pre-test was performed to 
uncover any sections that lent themselves to misunderstandings or were unclear. Twelve 
pre-test surveys were completed in each of two rounds (24 respondents). In view of the 
replies of the interviewed respondents, several aspects of the questionnaire were 
revised: the sequence of some questions became more logical, some specific terms 
were changed into spoken language for better understanding, and more incentive and 
comparable mechanisms were incorporated to reduce respondents' antipathy or sensi­
tivity to key questions in the survey. Respondents also helped us choose the payment 
intervals on the card and the payment format.

We collected data on individual preferences using a survey of 300 potential visitors in 
the surrounding area. This was done in major shopping centres and along the train lines 
that stretch 60 km to the north and south. This is nearly the entire touristic potential of 
the river (Barak & Katz, 2015).

Part A of the survey was intended to collect information about the respondent's trip 
habits. This included their primary activity, how far they travelled, and what their 
expenditures were for the trip on which they were intercepted. It also asked respon­
dents their current trip frequency to the Kishon River. The point of origin for that trip 
was noted. The time taken to drive to the river and back was estimated using Google 
Maps. Travel cost (amount spent on petrol and other variable costs) was estimated using 
ILS 1.2/km (Becker & Friedler, 2013). For the cost of travel time, Cesario's (1976) estimate 
of one-third of hourly income was used. The issue of the value of time has been raised in 
previous researches, and values range between 0.14 and 0.5 of hourly wage (Haab & 
McConnell, 2002). The chosen adjusted value was multiplied by the travel time and 
added to the travel cost.
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Part B was dedicated to assessing the value of the site using contingent behaviour. 
Participants were asked to predict how much more they would visit if one of the 
following components were improved, as well as if all of them were implemented: 
cleaning and management of the riverbed; ecological restoration (reintroduction and 
management of plants and wildlife); accessibility for the public and connectivity to the 
urban matrix; and recreational development and sports facilities.

Part C asked participants to assess the value of different restoration components by 
indicating how much they would be willing to contribute to a designated fund for each 
component. Following Arrow et al. (1993), participants were specifically instructed to 
consider their other expenses and, although asked hypothetically, indicate their actual 
willingness and ability to pay, to avoid the 'cheap talk' effect. The WTP section was 
worded as follows:

If a fund were to be established dedicated solely to the restoration of the Kishon River, 
and all its resources were put towards the following activities, we would like to know how 
much you would be willing to contribute annually to this cause. Before you answer, please 
consider the following two points:

(a) Take into consideration your budget constraints, including other causes to which you 
are committed to contribute. Please see the contribution as an additional monthly 
expense.

(b) Although this survey is hypothetical, try to answer as if you were actually asked to 
donate the money. Your well-thought-out answers will help us support informed 
decision making.

You can use the following cards for your convenience. Please choose a sum you are 
ready to pay for:

Restoration of the riverbed (water purification and resolving bad odours)

Payment:____
(a) Restoring flora and fauna to the river (by reintroducing species of plants and wildlife 

from other rivers to the Kishon River)

Payment:____
(a) Creating paths connecting different areas of the Kishon Park (providing access for 

both cyclists and family hiking)

Payment:____
(a) Establishing recreational facilities, e.g. aquatic sports such as boating (paddle-boat­

ing or rowing), and family-friendly sports activities

Payment:____
(a) Complete restoration of the Kishon River area (including all four of the components 

mentioned above)

Payment:
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After indicating a sum between zero and ILS 150 (from a payment card), participants 
selected one or more explanations for their selected contribution: (1) I identify with the 
goals of river restoration and want to help life return to the rivers; (2) I practise fishing/ 
boating and would benefit from the opportunity to do so in the Kishon River; (3) 
restoration is not important enough for me to spend money on it; (4) I am willing to 
pay to ensure that my descendants will have the option to enjoy the Kishon River; (5) 
river restoration is not my responsibility; (6) I want to have the option to benefit from 
the Kishon River in the future; (7) I currently cannot afford to invest in river restoration; 
(8) other. This selection allows us to divide the stated funds into use values (motives 2 
and 6) and non-use values (motives 1 and 4). It also allows us to distinguish valid zero 
responses (motives 3 and 7) from zero-bid protesters (motive 5) to be disqualified from 
the sample (Mitchell & Carson, 1989).

Part D was used for collection of socio-demographic features of the respondents, to 
be used in the analysis of their responses. Besides their age, household size and gender, 
respondents also indicated, on a scale from 1 to 5, their monthly net income compared 
to the Israeli mean of ILS 9700 (1, way below; 2, slightly below; 3, close to average; 4, 
slightly higher; 5, way above) and their education (1, high school; 2, post high school 
professional diploma; 3, undergraduate; 4, master's; 5, PhD).

Results

Descriptive statistics

The demographic data indicate that our sample represents a profile similar to that of the 
general population means in terms of age (39), household size (3.86), income (3.01 out of 5), 
and education (2.43 out of 5, slightly less than average). These, as well as other data 
regarding the current visitation habits of the local population, are presented in Table 1.

Table 1. Descriptive statistics for most of the survey questions.

Variable Average Median
Most frequent 

answer
Standard
deviation

Distance from home (km) 16.68 10 10 15.37
Travel duration (min) 23.59 20 15 17.20
Distance of preferred alternative recreational site (km) 39.71 30 30 31.75
Income (on a scale of 1-5) 3.01 3 3 0.94
Members in the household 3.86 4 4 1.45
Age 38.69 37.5 40 11.28
Willingness to pay (WTP) for the whole restoration project (ILS/y) 55.56 40 0 96.55
WTP for riverbed restoration (ILS/y) 17.56 10 0 40.74
WTP for Ecological restoration (ILS/y) 16.22 10 0 38.72
WTP for Accessibility and connectivity (ILS/y) 8.78 3 0 16.62
WTP for sport facilities (ILS/y) 13.11 10 0 20.29
Current number of visits (per year) 0.81 0.31 0 2.02
Visits after full restoration (per year) 1.81 0.7 0 4.52
Increase in number of visits (per year) following riverbed 

restoration
0.43 0.25 0.17 0.56

Increase in number of visits (per year) following ecological 
restoration

0.48 0.25 0.25 0.59

Increase in number of visits (per year) following improvements in 
accessibility and connectivity

0.42 0.25 0.17 0.57

Increase in number of visits (per year) following improvement of 
sports facilities

0.45 0.25 0.25 0.51
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The average travel distance from a participant's home to the Kishon River was approxi­
mately 17 km, for about 24 minutes of travel time. In its current state, the river was not 
found to be the first choice for recreation for most of the population. Most people preferred 
to go further (40 km total, on average). These figures suggest economic viability for the river 
restoration, since 78% of current visitors would prefer to come to the Kishon River if it were 
more appealing. And visiting the river would save the average visitor 23 km per visit, 
compared to the current alternatives 40 km away.

Current visit frequency per household was 0.81 per year. Further restoration of the 
river is predicted by the survey to increase this frequency to 1.81 per year. When 
referring to the different components of the restoration project, the frequency increase 
was between 0.42 (due to improved accessibility and connectivity) and 0.48 (due to 
ecological restoration).

Benefits of restoration using contingent valuation

The overall WTP for all the different restoration components was on average ILS 56 per 
year. When divided into the different components, WTP was 18, 16, 13, and 9 Israeli 
shekels for riverbed restoration, ecosystem restoration, park connectivity and accessi­
bility, and sports facilities, respectively. The fact that riverbed restoration elicited the 
highest WTP, even though it is not associated with direct benefit for most people, is in 
line with the high non-use value given by the public to the Kishon River. As seen in 
Table 2, the motivation of most people to pay identifies the value attributed to the river 
as mostly non-use, with 51% of the population willing to contribute, plus 36.7% that 
refers to the use for future generations. Only ILS 1.15 million (12.4%) out of the total 
annual WTP of ILS 9.07 million refers to current (3%) or optional (9.4%) use (Table 2). This 
has an impact on long-term visit management and planning, as it indicates a potential 
expansion of visitors from 3% of the area's population to 12%, or from 57,000 to 237,000 
visits annually. By multiplying these numbers by the number of households in the Haifa 
District (as of 2015, from Israel's Central Bureau of Statistics) and assuming a discount 
rate of 5%, the Kishon River restoration project can be valued at ILS 181.4 million.

The effect of socio-demographic parameters on WTP was assessed by running interval 
regression on the answers to the five different projects (Table 3). Most parameters had a 
significant effect on WTP in all models, except for sports facilities. A first visit to the river 
and a higher income were positively correlated with WTP, and age and average visit

Table 2. Breakdown of the Kishon River restoration benefits to the Haifa District by restoration
components and type of value (ILS millions).

Restoration component
Riverbed

restoration
Ecological
restoration

Connectivity 
and accessibility

Sports
facilities

Complete restora­
tion project (total)

Use value Annual use value 0.09 0.08 0.04 0.06 0.30
Annual optional use 

value
0.27 0.24 0.14 0.20 0.85

Non-use
value

Annual inheritance 
value

1.07 0.95 0.53 0.77 3.33

Annual existence value 1.48 1.32 0.74 1.07 4.62
Total annual value 2.92 2.60 1.46 2.11 9.07
Total value 58.32 51.84 29.16 42.12 181.44

Note: District population used was 534,000 (162,000 households). Discount factor is 5% per year.
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Table 3. Interval regressions for different restoration projects.

Model
Complete restoration 

project
Riverbed

restoration
Ecological
restoration

Connectivity and 
accessibility

Sports
facilities

Intercept 73.48* 33.61* 24.28 5.02 12.93
(1.81) (1.94) (1.47) (0.71) (1.46)

Income level 20.05* 6.70* 7.04* 2.30* 2.77**
(2.58) (2.01) (2.22) (2.21) (1.62)

Education -4.67 -2.47 -2.69 -0.53 1.31
(-0.66) (-0.81) (-0.93) (-0.43) (0.85)

Size of household 3.58 1.07 2.07 0.41 -0.30
(0.76) (0.53) (1.08) (0.50) (-0.30)

Age -1.08* -0.40** -0.43* -0.05 -0.20
(-1.78) (-1.55) (-1.73) (-0.46) (-1.47)

Gender -0.39 -0.62 -0.73 -0.43 -0.09
(-0.94) (-0.57) (-1.05) (-1.13) (-0.78)

Preferred site? 13.52 3.53 0.48 4.04 3.68
(0.79) (0.48) (0.07) (1.34) (0.98)

Is it the first visit? 26.92* 8.04 7.88 6.20* 2.99
(1.75) (1.22) (1.26) (2.31) (0.89)

Visiting frequency 31.32** 11.70 13.58* 5.17 1.30
(1.60) (1.40) (1.70) (1.52) (0.30)

Visit length -9.05* -3.99* -3.26* -1.06* -0.55
(-2.72) (-2.80) (-2.40) (-1.83) (-0.75)

Distance from site -0.54 -0.20 -0.12 -0.12** -0.10
(-1.21) (-1.04) (-0.67) (-1.58) (-1.03)

R2 0.12 0.10 0.05 0.10 0.06
F 2.99 2.28 2.23 2.40 1.22

Note: t values in brackets. p values < 0.05 and < 0.10 are marked by * and ** respectively.

Table 4. Benefits and costs of restoring the Kishon River according to the CVM
Riverbed

restoration
Ecological
restoration

Connectivity and 
accessibility

Sports
facilities

Total
restoration

WTP per respondent (ILS) 17.56 16.22 8.78 13.11 55.56
Use value (ILS) 2.16 2 1.08 0.01 7.04
Non-Use value (ILS) 15.4 14.22 7.7 13.1 48.52
Public Benefit (Based on 162 HH. In 

mill. ILS)
2.845 2.628 1.422 2.124 9.001

PV of public benefits (5% discount 
rate, Mill. ILS)

58.32 51.84 29.16 42.48 181.44

Restoration cost - PV of fixed value 
(mill. ILS)

Restoration cost - Yearly value of 
maintenance (PV in parenthesis In 
mill. ILS)

93.14 5.11 26.35

5.9 (118.00)

105.42 229.35

Net benefit (without maintenance 
cost. In mill. ILS)

-45.45 46.95 -0.52 -73.87 -49.33

length were negatively correlated. No strong correlation was found with education, 
distance from the site or with being a preferred visiting site.

Table 4 presents the total benefit derived from the CVM both as a whole and the 
relative shares of use and non-use values. Based on an estimated 162,000 households in 
Haifa, the annual value and present value are presented as well.
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Table 5. Poisson distribution analysis of the current and anticipated visiting frequency following 
restoration scenarios.

Model
Current
visits

Riverbed
restoration

Ecological
restoration

Connectivity and 
accessibility

Sport
facilities

Total
restoration

Income level -0.40** -0.21 -0.24** -0.199* -0.199* 0.300**
(-2.05) (0.068) (-2.19) (-1.71) (-1.74) (-1.85)

Education -0.23 .020 .100 .1250 .080(0.81) -0.19
(-1.20) (0.23) (1.05) (1.20) (-0.92)

Size of household .060 .080 0.08 0.03 .080 0.07
(0.50) (1.17) (1.24) (0.44) (1.17) (1.06)

Age .03**0 0.01 0.01* .010 0.01 0.02*
(1.83) (1.57) (1.68) (1.38) (1.52) (1.72)

Gender -0.20 -0.17 -0.28 -0.25 -0.22 -0.21
(-0.58) (-0.84) (-1.41) (-1.20) (-1.09) (-0.98)

Travel cost -0.025* -0.018** -0.018** -0.015** -0.017* 0.010**
(-1.74) (-2.60) (-2.73) (-2.28) (-2.57) (-2.46)

Intercept -1.20 -0.90* -0.88* -0.95* -1.00** -1.11
(-1.20) (-1.60) (-1.66) (-1.70) (-1.83) (-1.31)

LR X2 (6) 20.29 16.87 19.14 12.29 15.24 19.18
x2 < 0.01 < 0.01 < 0.01 < 0.06 < 0.02 < 0.01
Log likelihood -97.94 -198.78 -209.75 -201.46 -200.78 -191.67

Z-test results in parentheses. *p < 0.1, **p < 0.05.

Benefits of restoration using the travel cost model

Five models of travel frequency were analyzed (the current one, plus four anticipated 
frequencies following different types of restoration). Travel cost was used as an expla­
natory variable along with income, education, size of household, age and gender. The 
Poisson distribution model results are presented in Table 5. The travel cost parameter 
was significant in all five models, and income and age were correlated with travel 
frequency in some of them. Using the TCM model, with travel cost coefficient to 
calculate the consumer surplus, values are shown together with the calculated benefit 
of each type of restoration. This was done by multiplying the individual benefit by the 
number of new visitors anticipated by the model and reporting the difference between 
that number and the benchmark value. The benefit per visit of the complete restoration 
scheme is almost ILS 75, which is about ILS 40 more than the current benefit. Using the 
inverse of the price coefficient and multiplying it by the change in visit numbers, the 
benefit to the public can be estimated at ILS 17 million per year, or a current value of ILS 
333 million. The table also presents the partial restoration projects, which range from ILS 
113 million (for riverbed restoration) to ILS 164 million (for connectivity and 
accessibility).

Discussion

The total benefit from the full restoration scheme was valued at ILS 181 million by CVM, 
and ILS 333 million using TCM. This is a ratio of 0.54. Based on 83 studies, Carson, Flores, 
Martin, and Wright (1996) found a ratio of 0.77. Later studies (e.g. Amirnejad, Solout, 
Jahanifar, & Zarandian, 2014; Armbrecht, 2014; Mayor, Scott, & Tol, 2007) found ratios in 
the range of 0.29-0.54. Our results fall within the range of such comparisons. Reasons for 
this difference include unwillingness to pay for various reasons but willingness to visit. 
That, in turn, means that people do not take into account their true travel cost, and/or
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that the protest-bid issue is more serious than indicated by respondents who were 
excluded from the sample (Carson et al., 1996).

Here are two other explanations for this difference. First, respondents of the TCM 
survey were not asked how complete restoration would affect their visits, so the total 
value presented assumes an additive effect which might not be there. But the total 
benefit cannot be less than the value of any partial restoration project. In our case, 
connectivity and accessibility are estimated at ILS 164 million. The second explanation 
could be the counting of option values as added visits, which might not occur in the 
near future. If only half of the option value contributing to the increase in number of 
visits is assumed, the increase will be only by 0.89 visits per year. That would mean 2.7 
instead of 3.59 visits x persons per year, or 147,000 visits per year, for a benefit of ILS 219 
million. It is unlikely that both reasons would fully apply, but an average of their effects 
relative to the original estimate of ILS 333 million, and taking an average between the 
two averages, can be used to sum up to ILS 262 million.

It should be noted that a natural reason that may be valid is that people did not 
respond logically to one of the sections of the survey. However, since the river is a 
destination for urban recreation, the touristic value is the legitimate one to take, even if 
it is larger than the one from the CVM.

Almost 90% of the total value derived from the CVM corresponded to non-use 
motives. To compare the benefits revealed by analyzing the survey with the cost of 
these types of restoration, the financial report from 2003 (Oved, 2003), adjusted to 2015 
prices (Tables 4 and 6), is used. Costs mentioned in a report submitted to the Kishon 
River Authority (Gobi 2003), of components such as flood prevention are ignored, since 
their benefit was not assessed. Other costs that were not mentioned explicitly in this 
report (e.g., paths and connectivity) were assumed as fractions of existing figures (20% 
of park development, based on personal communication with the river authority engi­
neer). A separate line was added for yearly maintenance cost, estimated by Oved (2003) 
at ILS 5.9 million per year, or ILS 118 million in present value.

As indicated in Table 6, when using the recreational benefits derived from the TCM, 
the Kishon River restoration project has a negative value of ILS 14 million. However, 
taking the non-use portion from the CVM results of the highest-valued partial

Table 6. Cost and benefit of different restoration projects, travel cost method.
Current Riverbed Ecological Connectivity Sport Total
situation restoration restoration and accessibility facilities restoration

Visits (thousands) 131.22 200.88 208.98 199.26 204.12 293.22
Benefit per visit (ILS) 39.67 54.13 54.2 67.37 57.51 74.51
A(Benefit) per visit (ILS) 14.46 14.52 27.7 17.84 34.85
Public benefit (ILS millions) 5.205 10.874 11.327 13.424 11.739 21.848
A (Public benefit) (ILS millions) 5.669 6.132 8.219 6.534 16.643
A (PV of public benefits) (5% 

discount rate, ILS millions)
113.38 122.44 164.38 130.68 332.86

Restoration cost - PV of fixed value 
(ILS millions)

Restoration cost - Yearly value of 
maintenance (PV in parenthesis, 
ILS millions)

93.14 5.11 26.35 

5.9 (118)

105.42 229.35

Net benefit (without maintenance 
cost, ILS millions)

11.03 116.83 135.42 14.83 103.51
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restoration plan, riverbed restoration, adds 56.9 x 0.88 = ILS 50 million. This makes the 
net benefit ILS 36 million.

Higher net benefits can be achieved by partial restoration options, assuming that 
they are separable and that the benefits of one component are not substantially 
reduced by the absence of another component. Both riverbed restoration and ecological 
restoration pass the cost-benefit test. Ecological restoration has the highest net value, at 
122.44 - 5.11 = ILS 117.33 million. Adding riverbed restoration incurs more costs and has 
a benefit of ILS 113.38 million, but this is questionable because it is unknown whether 
the added benefit of riverbed restoration should be added fully or only partially, due to 
non-additivity. The most important point is that with partial restoration there is no need 
to justify the project partially on non-use motives.

Finally, the alternatives of financing the project by visitors or taxpayers can be 
considered. To assess the trade-off in financing the project by raising entrance fees 
and reducing the number of visitors, the possible scenario of an entrance fee for the 
total restoration scenario was analyzed. The travel cost coefficient is - 0.01 (Table 5); that 
is, every increase of ILS 1 in the visit cost (whether in fuel or entrance fee) will deter 1% 
of visitors from coming. The revenue function is thus given by (Figure 1):

TR =  P x Q = P x [340, 000 -  (1 -  0.01P)]

Simple revenue maximization suggests that a household should be charged ILS 50 per 
visit, which would result in only 170,000 visitors, contributing ILS 8.5 million annually; or, in 
present value terms, ILS 170 million. This is 74% of the fixed cost (ILS 229 million) and 49% 
of the total cost (fixed plus maintenance). On the negative side, if there are less than 
170,000 visitors, the net benefit of a recreational day of ILS 40 (as shown in Table 6) would 
cause an annual welfare loss of ILS 6.8 million, or ILS 136 million in present value. Another 
option, which is not analyzed here, would be to combine partial restoration and entrance 
fees. The loss of visitors might be greater if the travel cost coefficient is lower, but it might 
allow financing the whole project without public funds. This can be considered for urban 
rivers where public funding for restoration is limited. The decision whether to give up a 
large proportion of visitors, with the associated welfare loss, versus the opportunity to 
collect about half of the cost from them, is a normative social issue, although from an 
economic perspective, the entrance fee should be zero and cost should fall on the 
taxpayers.

Conclusions

River restoration is a costly project that uses public funds and needs to benefit the 
public in return. The option of only partial restoration needs to be addressed by 
considering many physical and ecological consequences and considering its economic 
value to both the users and non-users of the restored environment (Wohl et al., 2015).

This study aims to assess the benefits of the different restoration components of the 
Kishon River, as a supporting tool for decision-making when planning river restoration. 
The overall value of the full restoration plan was estimated to be as high as ILS 333 
million. Different types of values - use, optional, bequest, and existence - were pre­
sented separately. This separation is revealing when dealing with projects on a national
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scale, where existence value is shared beyond the local urban residents who are the 
main users of the park.

Finally, the benefit and the estimated cost of the restoration project were compared. 
This reduced the net benefit of the project to about ILS 100 million. Subtracting annual 
maintenance costs from the net benefit, an annual deficit of ILS 8.2 million is reached. 
But adopting a partial restoration scheme, the project can still be net-beneficial despite 
maintenance costs. Important benefits that could compensate for this are public bene­
fits from private entrepreneurship and added benefits from other aquatic ecosystem 
services, such as flood damage prevention (Yitzhak, 2005). Moreover, benefits from the 
reintroduction of biodiversity to the river and preservation or maintenance of biodiver­
sity were not considered. The economic valuation of the Kishon River is partly based on 
emotional responses, because of the history of the river and its pollution.

Future research and policy implications of such studies should take extra caution in 
adding up the benefits of partial restoration projects. As shown in our analysis, respon­
dents considered each different partial restoration scenario as if this were the only policy 
on the table. When there is one plan on the table and we add a second one, we may get 
a smaller change in the visit frequency or WTP for the new option.

Although it is one of the longest rivers in northern Israel, and it runs through the 
Haifa metropolis, its distance from urban and residential centres limits the popularity of 
the Kishon River as a local urban park. Thus, an adequate financing model for the 
restoration project could be a combination of tax money and entrance fees. Using the 
Kishon River as a study case, an assessment method considering partial restoration 
schemes was demonstrated.
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