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Abstract 

Floods are one of the largest environmental problems in the world, causing severe damages 

and substantial costs for human beings every year. The severity and frequency of floods will 

most likely increase in the future, primarily because of increased precipitation due to climate 

change. The preservation or re-creation of ecosystems such as wetlands, which mitigates the 

effects from floods, could be a strategy to reduce these negative effects. This study is the first 

hedonic analysis aiming to value the regulating ecosystem service flood mitigation from 

wetlands in Sweden. The study focuses on a flood prone region in the southern part of Sweden 

and utilizes GIS-data, including flood zoning maps and wetland layers, to estimate the 

mitigating effects from wetlands on residential properties located in flood zones. In addition, 

the study exploits a flood event occurring in 2004 to employ a Difference in differences 

approach. The results show no significant effects from flood mitigation from wetlands 

capitalized in house prices, and also that the occurrence of a major flood does not affect these 

results. Furthermore, in contrast to the majority of hedonic flood risk studies, the results show 

no significant effects on house prices from flood risk, which most likely is due to the fact that 

insurance companies in Sweden does not differentiate insurance premiums based on flood risk. 

Furthermore, the results also indicate that having more wetlands in the vicinity of a house 

significantly lower the price for that specific house. Finally, the results suggest that it is not 

straightforward to value certain types of regulating ecosystem services by hedonic pricing and 

that the model most likely need very specific and detailed variables controlling for other effects 

to enable these values to be elicited.      
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1. Introduction 

During the last decade the recognition that ecosystem services play vital roles for human beings 

have been increasingly recognized. Especially since the publication of the Millennium 

Ecosystem Assessment (MA, 2005) the interest for valuation of ecosystem services has 

increased, and consequently the valuation literature has increased substantially. Recently, the 

motivation for valuation of ecosystem services has made a transition from primarily being used 

for incorporating non-market values in CBA:s or for raising the public’s awareness (e.g. 

Costanza et al., 1997; 2014) to also being subject to integration in the System of National 

Accounting (SNA) (WB WAVES, 2014; SEEA EEA, 2013; Brouwer et al., 2013) The lion 

share of the valuation studies conducted during the last  two decades has focused on cultural or 

provisioning services and a much smaller share has focused on valuing regulating service 

(Kumar et al., 2010). Also, as many studies have focused on valuing services from entire 

ecosystems (e.g. wetlands, forests, etc) rather than specific services from these ecosystems, 

there is also a general demand for better understanding methodological challenges for valuing 

specific regulating ecosystem services (Brander et al., 2013).  

 

Floods are one of the largest environmental problems in many parts of the world. Both major 

and minor floods cause threats to lives, substantial damages to e.g. food production, and impede 

other important economic activities, especially in poor countries (Stromberg, 2007). Maintained 

wetlands on both public and private land can mitigate the effects of floods in both coastal areas 

and inland waters as they work as buffers and thus temporarily store and slowly release water 

(Kousky et al., 2014). As the services from wetlands in general are not priced, overexploitation 

and conversion of wetlands has been a common phenomenon during the last century, which has 

led to significant reductions and degradation of wetland areas (TEEB, 2013; Brander et al., 

2006). Understanding the values generated by wetlands is crucial for an efficient management 

and for policymakers to be able to make wise decisions.   

 

Even though Sweden in a global perspective has been spared from larger floods, the cost from 

floods are substantial (in Värnamo alone, the damages caused by floods in 2004 were estimated 

to approximately SEK 26 million). In addition, in the future, the risks for more severe floods 

will likely increase both in the world in general (IPCC, 2014) and in Sweden, primarily due to 

increased precipitation caused by climate change (MSB, 2011). This study focuses on valuing 

the regulating ecosystem service flood mitigation from wetlands by the hedonic pricing method 
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in a region in the southern part of Sweden which has been subject to severe floods during the 

last decade.  

 

To econometrically elicit the value from the regulating service flood mitigation is difficult, as 

there are many challenges in separating and disentangle the value of this specific service 

without capturing values from other services. Many studies have previously shown that houses 

located inside a flood zone are discounted relative houses located outside of flood zones. This 

study builds on these results and takes this one step further by creating a triple interaction term 

to investigate if the presence of wetlands and their functions and services as buffers are 

capitalized in house prices. Furthermore, the study utilizes a Difference in differences approach 

which was chosen mainly because of two reasons. First, it might enable estimations of the 

specific regulating service flood mitigation (or the change in value due to the flood) without 

capturing other values generated by wetlands as the occurrence of the flood in Värnamo in 

2004, (treatment) should not affect the values of other services. Second, because of the structure 

of the insurance market in Sweden relative to e.g. the market in the US, values associated with 

flood risks might be harder to capture with the hedonic method in the Swedish setting than in 

for example the American,1 which motivates this method as it enables a ‘before and after flood’ 

estimation (when perceived flood risk should be in an elevated state). Also, because of the 

above reasoning, the study has been specifically designed to aim for a specific flood prone 

region in the county of Jönköping. 

 

Even though wetlands provide several benefits (e.g. water quality improvements, improved 

wildlife, open space, biodiversity, recreation, water recharge) and dis-benefits (e.g. odors, 

insects etc.) for human beings, this study is solely aiming at catching the regulating service 

flood mitigation. Furthermore, the hypothesis is that owning a house located in a flood zone 

will generate costs for house owners in terms of risk, which in turn will imply that houses 

situated in flood zones will be discounted, ceteris paribus. Even though the regulating services 

generated from wetlands are more complex (e.g. type, quality, location, etc.) than just the total 

area of wetlands within a certain distance, this study follow Ziemba et al., (2014) and 

                                                 

1 In USA, it is conventional to differentiate insurance premiums between houses located in flood zones and houses 

located outside of flood zones. In Sweden however, differentiated insurances premiums on these grounds have not 

yet been implemented, but will probably be so in a near future as the occurrence of floods (and thus costs) has 

increased in the last decades. 
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hypothesize that houses with relatively more wetlands within a 2 km buffer will be less harmed 

by a given flood than houses with less wetlands, and that this service will be capitalized in the 

sales prices. This does not mean that house buyers necessarily need to recognize the complex 

ecological interconnections between wetlands and rivers and streams, but rather that the house 

buyers recognize the good flood mitigation in some aspect (e.g. by knowing that some houses 

have historically been affected less severe than others).  

 

The outline of the rest of the study is as follows. It begins by presenting literature related to the 

topic and then continues by going through the theoretical framework of non-market valuation 

and the hedonic pricing method in particular. Next, it presents the econometric model, the study 

area and the data used in the analyses. Finally, it will offer the results, conclusions and some 

implications for further research.  
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2. Related literature 

There have literally been performed hundreds of studies using the hedonic pricing method for 

valuing different environmental features such as air quality (Kim et al., 2003; Anselin and 

Lozano-Garcia, 2008; Zabel and Kiel, 2000), forest cover (Mansfield et al., 2005; Sander et al., 

2010), amenity services of lakes (Yoo et al., 2014), amenity services of agricultural lands 

(Wasson et al, 2013) water quality (Leggett and Bockstael, 2000; Poor et al., 2007; Morgan et 

al., 2010; Cho et al., 2011; Tuttle and Heintzelman, 2015) and access to outdoor recreation 

(Sander and Haight, 2012). 

 

More relevant for this study are hedonic studies trying to value flood risk (e.g. Bernard et al., 

2014; Bin and Polasky, 2004; Samarasinghe and Sharp, 2008; Bin et al., 2008; Dei Tutu, 2002) 

and studies trying to capture values from wetlands (Kaza and BenDor, 2013; Brander et al., 

2006; Brander et al., 2013; Mahan et al., 2000; Ghermandi et al., 2010). All of the above 

mentioned studies valuing flood risk have shown that houses located in floodplains are 

discounted relative equivalent houses located outside of floodplains. Bin and Polasky (2004) 

for example, performed a hedonic study in North Carolina after the hurricane Floyd, showing 

that a house located in a floodplain had a significant lower market value than an equivalent 

house located outside of a floodplain, and that this difference increased after the hurricane. 

However, in contrast to these results, Sander and Haight (2012) found, in a study performed in 

Dakota County, USA, positive and significant results for being located in a flood zone. Also, 

Kousky et al., (2014) performed a study using hedonic pricing in Missouri, USA, and did not 

find significant reductions in value for houses located within a flood zone. 

 

Even though many previous studies trying to value wetlands have been conducted, most of 

these are not trying to separate the different values generated by wetlands and are thus rather 

focusing on valuing all services from the wetland ecosystems (Brander et al., 2013). Also, many 

of these studies have focused on wetlands that are well-known to the house buyers and 

associated with recreational or cultural values. For example, Ma & Swinton (2011) showed that 

wetlands within a 1.5 km radius increased agricultural land values by 3.1 % per 1 % increase 

in wetland share in surrounding areas. The values generated were judged associated with 

recreational and cultural services rather than regulating services. Furthermore, Mahan et al., 

(2000) estimated the amenity values generated by four different kinds of wetlands in Oregon, 

USA. The study showed that wetlands significantly influence the value of residential properties 
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and that if the size of the nearest wetland would increase by one acre, the value of a house 

increases by 24 USD. However, Brander et al., (2013) performed a meta-analysis focusing on 

regulating services from wetlands. The study showed that the mean value for flood control (not 

mitigation) from 17 studies was 6923 USD/ha/year, and also that these values are highly 

variable across space and depends highly on the scarcity or abundance of wetlands in the area, 

the size of the wetlands and on socio-economic characteristics of the beneficiaries. 

 

Most relevant to this thesis is a study by Ziemba et al., (2014) conducted in the Hudson River 

Valley, New York State, which focused on valuing the flood mitigating services from wetlands 

by the hedonic pricing method. The study used GIS- data to produce a flood zone variable, and 

variables of the amount of wetlands in the vicinity of each house to deduct the flood mitigating 

values from wetlands. The study showed that higher levels of flood risk, as well as actual flood 

events, significantly reduced the sales price for houses. In addition, the study showed that as 

the area of wetlands in the house’s nearby area increased, the discount effect of being located 

in a flood zone was significantly smaller, indicating that wetlands mitigates the negative effects 

from floods. These results are the basis for the hydrological intuitive hypothesis in this study 

which was mentioned in the introduction, that more wetlands in the vicinity of a house located 

in a flood zone will mitigate the negative consequences from a given flood, and that this service 

will be reflected in the house sales prices. 
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3. Theoretical framework 

As a way for society to use its resources in an efficient, sustainable and welfare-enhancing way, 

the value of public goods and externalities needs to be recognized and taken into account in 

decision making. One way of illuminating the values that the world’s ecosystems generate is to 

put a monetary value on these goods and services. Monetary valuation of ecosystem services is 

based on the theoretical foundations that it is possible to put monetary measures on the changes 

in utility for an individual when the quality or quantity of an environmental good changes.2 The 

most common methods used for estimating these values can be divided into Stated- and 

Revealed Preferences methods. 

 

This study uses the Hedonic Pricing Method which is a commonly used Revealed Preference 

method to estimate the Willingness to Pay (WTP) for environmental features. The method is 

based on the theoretical framework presented in the landmark papers by Lancaster (1966) and 

Rosen (1974) which resulted in the knowledge that consumers’ marginal willingness to pay for 

specific characteristics (both marketed and non-marketed) can be deduced from marketed 

goods. Even though the method is generally associated with houses and environmental features, 

it has been applied to estimate values of characteristics from many different goods (e.g. cars, 

computers, etc.).  

 

For the hedonic pricing method to be valid, a few conditions have to be satisfied: (i), all sellers 

and buyers in the housing market must be well informed about different levels of characteristics 

for every specific house (ii), it must be possible for all buyers to move to positions that 

maximize their utility, and (iii), the housing market must be in equilibrium (Hanley and Barbier, 

2009). If these conditions are satisfied, the method will be able to generate accurate estimations 

of the marginal implicit price associated with a marginal change in the attribute (e.g. hectares 

of wetlands in the vicinity of a house located within a flood zone) of a specific good (e.g. house) 

by estimating the connection between the change in quantity or quality of the specific 

characteristic and the price of the good (Freeman, 2003). 

 

 

                                                 

2 The estimation is usually based on Compensation Variation or Equivalent Variation (EV). For an overview see 

e.g. Perman et al (2011), Freeman (2003), Hanley and Barbier ( 2009).  
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To formalize, let S be a vector of structural characteristics of the residence, Z be a vector of 

locational and neighborhood characteristics (e.g. distance to city centers, job opportunities, 

etc.), E be a vector of environmental characteristics and W be a variable describing the area of 

wetlands located close to a specific house located in a flood zone. The price, P, for a given 

house, h, can then be described as a function of the above mentioned vectors of variables: 3   

   

  Ph = P (S, Z, E, W)                                 (1) 

 

Further, assume that each individual’s utility, U, is determined by the consumption of a 

composite good, Q, representing all goods except for housing with a price normalized to unity, 

and by the consumption of housing. An individual will maximize his or her utility, U 

(Q,S,Z,E,W) by choosing the level of each characteristic subject to a budget constraint M-Ph-

Q=0 where M is the individual’s income. Taking the first derivative of Equation (1), assuming 

that P (∙) is continuously differentiable, with respect to each housing variable will generate the 

marginal rate of substitution between the attribute of interest and the composite good (left hand 

side in eq.2), which also can be expressed as the implicit marginal willingness to pay for that 

specific characteristic (Freeman, 2003). The right hand side of the equation is the implicit 

marginal price for the characteristic: 

 

 
𝜕𝑈

𝜕𝑊⁄

𝜕𝑈
𝜕𝑄⁄

=
𝜕𝑃ℎ

𝜕𝑊
                                         (2) 

 

As previously discussed, with a sufficient number of available goods in the market the price in 

equilibrium will be decided by profit maximizing sellers and utility maximizing buyers, 

resulting in an accurate estimation of the implicit price of this specific characteristic. In this 

specific case, the partial derivative shows the marginal willingness to pay for one more hectare 

of wetland for a house located inside a flood zone.  

  

                                                 

3 To clarify, P(S,Z,E,W) is rather the per period payment (or rent) the household pay. In the case that the household 

own their own house, the households are treated as landlords that rent from themselves.  
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4. Empirical Method 

In order to estimate equation (1), a pooled OLS regression model was chosen for the study.  

Due to the panel data structure, a fixed or random effects model was initially considered. 

However, as the variable of interest, the interaction term between flood zone and hectares of 

wetlands is constant over the time period, and due to the ambition to perform a Difference in 

differences estimation, these models were rejected. Furthermore, as is argued in Oaxaca and 

Geisler (2003) a pooled OLS can generate as efficient estimates of time invariant variables as 

a consistent two stage GLS. In addition, a study by Kuminoff et al., (2009) showed that in the 

presence of time-varying omitted variables, a first difference specification can perform worse 

than OLS using pooled regression. The least squares function of the pooled model relates the 

sale price of the house to the previously mentioned structural and locational characteristics as 

well as the flood zone and wetlands variables which are of the main interest in this study. 

 

Furthermore, a Difference in differences approach is used to explicitly analyze how the value 

of the flood mitigation service changes after a flood has occurred and the perceived risk for 

floods is in an elevated state. The Difference in differences estimation can briefly be described 

as a method trying to mimic an experiment by using a control group and a treatment group to 

see how the treatment group is affected by the treatment (in this case the flood). To get correct 

estimates of the treatment effects, the control- and treatment group should be similar in all 

respects except for the treatment. To find two such groups might be hard and observed 

differences between the two groups may be due to unobservable factors. To get around this, 

data for both before and after the treatment can be used to first estimate the normal difference 

between the two groups and then how this normal difference changes after the treatment. This 

will relax the assumption that the two groups are similar except for the treatment but demands 

the assumption that the unobserved differences between the two groups are constant over time 

(Wooldridge, 2002). 

 

When determining the functional form for the hedonic pricing equation it is not possible to 

solely rely on economic theory, which leaves the choice of structural form to mainly be based 

on empirical performance. In a very influential paper, Cropper et al., (1988) showed that if 

omitted variables and proxy variables are included in the econometric model, more simple 

functional forms (e.g. linear, semi-log) can outperform more advanced functional forms (e.g. 

quadratic Box-Cox transformations). This has resulted in that semi-log or log-log functional 
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forms has been widely used in Hedonic studies during the last two decades. However, Kuminoff 

et al., (2009) performed a study that attempted to replicate and update the Cropper et al., (1988) 

study to see if the results still held as twenty years of econometric and computational advances 

had elapsed. This new study showed that which functional form that performs best depends on 

data availability and also on different kinds of omitted variable biases. For example, in what 

was defined as a “realistic omitted variable scenario”, the results showed that more complex 

functional forms (e.g. Box-Cox linear, quadratic Box-Cox) performs worse than simpler 

functional forms but if spatial dummy variables where included, and if the number of 

observations increased, the quadratic Box-Cox specifications performed best. 

 

This study uses a semi-log structural form which is widely used in hedonic studies (e.g. Bin and 

Polasky, 2004; Artell, 2013; Ziemba et al., 2014; Yoo et al., 2014; Sander and Haight, 2012; 

Mahan et al., 2000) and there is evidence that supports this functional form before simple linear 

forms (Kim et al., 2003; Bourassa et al., 2004). The semi-log form, where the dependent 

variable is in natural logarithmic form, implies that a one unit change in any of the explanatory 

variables (or a categorical change in the dummy variables) will yield an X percent change in 

the dependent variable. Moreover, some of the explanatory variables are in natural logarithmic 

form, implying that the coefficients should be interpreted as elasticities, i.e. a one percent 

change in the explanatory variable will yield an X percent change in the dependent variable 

(Greene, 2003).  
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The study’s specific econometric model is defined as:  

      

𝐿𝑛𝑃𝑖 =  𝛼0 + ∑ 𝛽𝑗𝑇𝑗,𝑖 + ∑ 𝛾𝑘𝑆𝑘,𝑖 + ∑ 𝛿𝑙𝑍𝑙,𝑖 + 𝜑𝐷𝐹𝑖 + 𝜃𝑊𝑖 +  𝜓𝐷𝐹𝑖 ∗ 𝑊𝑖 + 𝜔𝐷𝐹𝑖 ∗ 𝑊𝑖 ∗ 𝑃𝐹𝑖 + 휀𝑖               (3) 

     for i= 1,2,….,n 

where LnPi is the natural logarithm of the deflated price of house i, Dj,i are the year dummy 

variables, (j=2001-2010, 2000 being the reference and 2004 left out as the flood occurred during 

this year), Sk,i is the kth structural characteristic for house i, Zl,i is the lth locational and city 

characteristic for house i, DFi is the dummy variable describing the flood risk status for the 

house, Wi is the variable describing the amount of wetlands in the house’s nearby area, DFi * 

Wi is the flood zone-hectares of wetlands interaction variable which will capture possible 

differences in price between houses located in flood zones with different abundance of wetlands 

before the flood, and the triple interaction term DFi*Wi *PFi is the Difference in differences 

estimator that will capture the effects of a specific flood on sales prices for houses located in a 

flood zone with different wetland abundance in the nearby area, i.e. how will the occurrence of 

a flood affect the value of having one more hectare of wetland in the near area of a given house 

located in a flood zone. Lastly, the εi represents the unobserved error terms. The time dummy 

variables are included in the model to control for and capture possible factors that would cause 

changes in sales prices even in the absence of the flood. 

 

The partial derivative and the expected sign for the Difference in differences estimator is:  

 

𝜕𝐿𝑛𝑃

𝜕𝑊
= 𝜃 + 𝜓𝐷𝐹𝑖 + 𝜔𝐷𝐹𝑖 ∗ 𝑃𝐹𝑖 > 0                                             (4) 

 

where θ shows the effects on sales prices from having one more hectare of wetlands within a 2 

km buffer, 𝜓𝐷𝐹𝑖 shows the potential additional effects from wetlands if the house is located in 

a flood zone, and 𝜔𝐷𝐹𝑖 ∗ 𝑃𝐹𝑖 shows if the effects that wetlands have on house prices located in 

a flood zone changes after the 2004 flood. See further explanations and definitions of the 

variables in the “Study Area and Data” section below.  
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5. Study Area and Data 

The study focuses on single family houses in the three municipalities Jönköping, Värnamo, and 

Gislaved in the county of Jönköping. As this is to my knowledge the first hedonic study aiming 

to value how flood mitigating services from wetlands affect house prices in Sweden, this area 

was specifically chosen because it has experienced some of the largest floods in Sweden during 

the last decade. Also, in order to deepen the understanding about the housing sector in the 

context of flooding and wetland proximity, first consultations were made with approximately 

ten real estate firms and five different experts at county administrations. Moreover, although 

the future flooding risk is uncertain, heavy rains which historically have caused flooding are 

expected to increase significantly in this area in the future due to climate change (Jönköpings 

Län 2012). Importantly, the 2004 flooding event in this area was both unanticipated and 

exceptionally large, and hence, the flooding event was thus likely not already capitalized in the 

house prices prior to the event. This fact is important as the characteristics of the Swedish 

insurance market, as previously discussed, might hamper the possibilities to deduce flood risk 

values.   

 

The cities Jönköping, Värnamo and Gislaved has 130 798, 33 318, 28 710 4 inhabitants 

respectively and has during the last decades been subject to a number of smaller or larger floods. 

The floods have been caused by heavy rains that have led to too much and rapid inflows of 

water to the rivers Tabergsån, Lagan and Nissan for respective city. Especially Tabergsån and 

Lagan have been judged as major threats for properties in the two cities (MSB, 2011). In 2004, 

Värnamo was hit by one of the largest floods in 100 years, causing damages to houses, roads 

and other properties. The financial damage cost for this specific flood in Värnamo was judged 

to be in the region of SEK 25 million. After eliminating non-arm’s length transactions5, missing 

data and obvious defects and errors in the database (e.g. data on houses located in other cities, 

data for parcels without a building, lot sizes of 0 m2, etc.) 12 645 observations for the years 

2000-2010 (except for 2004)6 were used in the regression (see table 1. for description of the 

variables included).  

                                                 

4 The population numbers are for 2013 

5 Houses sold for less than SEK 10 000 were left out after consultation with Lantmäteriet as these houses are likely 

to have been sold below market price (e.g. within-family transactions, etc.). 

6 In order to enable the Difference in differences estimation, 2004 was left out because the flood occurred during 

that year.  
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Table 1. Description of variables, 12 645 house transactions, Jönköping, Värnamo and Gislaved 

Variable Description Unit Expected sign 

Dependent variable    

LnREALP Natural logarithm of housing sale price for the years 2000-2003 

and 2005- 2010 adjusted to year 2000. 

SEK 

(thousands) 

 

Structural variables    

LnLot size Total area of the parcel m2 + 

Value based area Living area+ 20% of sub face area m2 + 

Standard points Value based on overall standard of the house  0- 60 + 

Age Year house was built subtracted from year 2010  - 

Age2 Year house was built subtracted from year 2010 squared  +/- 

Locational and City variables    

Beachfront Dummy variable for being located on a beach (1 if yes, 0 

otherwise) 

Binary + 

Population Total population in the municipality the year the house was sold  + 

Mean income  Mean income in the municipality before tax the year the house was 

sold 

SEK 

(thousands) 

+ 

Income support Percentage of the population in the municipality that received 

income support the year the house was sold 

% - 

Crime rate Reported crimes per 100 000 inhabitants  - 

Unemployment Percentage of the population that is unemployed the year when the 

house was sold 

% - 

LnDistance to city Natural logarithm of the Euclidean distance from the house to the 

city center 

m - 

LnDistance to water Natural logarithm of the Euclidean distance from the house to the 

nearest lake or river 

m - 

City Dummy Jönköping as reference city    

Gislaved Dummy for Gislaved (1if yes, 0 otherwise) Binary - 

Värnamo Dummy for Värnamo (1if yes, 0 otherwise) Binary - 

Flood variables    

Flood zone Dummy variable indicating if the house is located in a flood zone 

(1 if yes, 0 otherwise) 

Binary - 

Wetlands Area of wetlands in a buffer of 2 km Hectares +/- 

FloodWetland Interaction variable between the flood zone dummy and the 

wetlands variable 

Binary + 

FloodWetPostFlood Triple interaction term between Flood Zone, Wetlands and a Post 

Flood dummy 

 + 

Year dummy variables (Reference 

year2000) 

   

Year 2001 Sale occurred in 2001 (1 if yes, 0 otherwise) Binary +/- 

Year 2002 Sale occurred in 2002(1 if yes, 0 otherwise) Binary +/- 

Year 2003 Sale occurred in 2003 (1 if yes, 0 otherwise) Binary +/- 

Year 2005 Sale occurred in 2005 (1 if yes, 0 otherwise) Binary +/- 

Year 2006 Sale occurred in 2006 (1 if yes, 0 otherwise) Binary +/- 

Year 2007 Sale occurred in 2007 (1 if yes, 0 otherwise) Binary +/- 

Year 2008 Sale occurred in 2008 (1 if yes, 0 otherwise) Binary +/- 

Year 2009 Sale occurred in 2009 (1 if yes, 0 otherwise) Binary +/- 

Year 2010 Sale occurred in 2010 (1 if yes, 0 otherwise) Binary +/- 
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The data used was collected from multiple sources. Firstly, information on residential property 

sales prices, lot size, value based area, and age were collected from Lantmäteriet. The sales 

prices were deflated with year 2000 as base year using the property price index from Statistics 

Sweden. The lot size variable was defined as the natural logarithm of the total area of the parcel 

in m2, the value based area variable was defined as the total living area +20 % of the sub face 

areas and the age variable was defined as the year the house was built subtracted from 2000. In 

addition to the information mentioned above, it is conventional in the hedonic literature to 

include other structural characteristics explaining building and land valuation such as number 

of bedrooms, number of bathrooms, if the house has a fire place, a sauna, a garage etc. and also 

some information of the overall condition of the house. The variable standard points (an index 

based on among other this information) was included to represent these characteristics.  

 

Secondly, demographic data at the municipal level was collected from Statistics Sweden. It 

includes mean income, population, share of population who receives income support, 

unemployment rate, crime rate and share of population with college degree. Pooling the sales 

data over the time period substantially increased the sample size, but at the same time increased 

problems with unaccounted for changes in the economy as a whole, market conditions and other 

time dependent factors. Time dummy variables for the years 2001- 2010 (except for 2004 and 

with 2000 as reference) were therefore included to control for these potential changes in the 

structure of the economy (Wooldridge, 2002). Dummy variables for the cities Gislaved and 

Värnamo (Jönköping as reference) were also included to control for city specific effects.  

 

Thirdly, GIS-data using Flood mapping layers7 from “the Swedish Civil Contingencies 

Agency” (MSB) was compiled using the software QGIS to separate houses located within a 30  

meter buffer from the 200 year flood  zones from houses located outside of the buffers of the 

200 year flood zones. Other studies (e.g. Bin and Polasky 2004; Ziemba et al., 2013; Sander 

and Haight, 2012; Bernard et al., 2014) have commonly used a 100 year flood zone 

specification. However, after having collected data for the 100 year flood zone scenario, the 

data set showed to include too few houses located in a flood zone to perform a statistical 

                                                 

7 The flood mapping layers describes how the rivers will be flooded given a specific precipitation rate. For the 200 

year flood zone maps, the risk for such an event to happen in a 100 year period is approximately 40 %. Importantly, 

the flood zone maps are not taking the presence of wetlands into account when creating the maps. 
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analysis. Therefore, the 200 year flood zone with a 30 meter buffer definition, which has a 

larger sprawl, was used instead. The flood zone variable was constructed as a dummy variable 

where houses located in the 30 meter vicinity of a 200 year flood zone were assigned number 

1. One potential problem with this variable is that houses located in a flood zone also probably 

will be located close to the rivers as the projected floods will emanate from the rivers. As being 

located in a flood zone is a disservice but being located close to a river could be considered as 

a benefit, the effect on house prices might be ambiguous. Consequently, to control for the 

benefits that closeness to water might generate, a variable describing the Euclidean distance 

between each house and the nearest river or lake was produced by utilizing GIS river- and lake 

layers. The variable was transformed to be in natural logarithmic form.  Also, to further control 

for the amenity services from water, a beach front dummy variable describing if the house is 

located on a beach was included. In addition, data on the amount of hectares wetland within a 

buffer of 2 km2 from each house were produced using GIS-layers provided by the county 

administrative board of Jönköping. As wetlands are diverse, and not all wetlands will contribute 

in the same way to mitigate floods depending on quality, type and location this variable could 

potentially contain some disturbing noise. Ideally, a more hydrology-based assessment of the 

types, elevation and locations of the wetlands would have been conducted (e.g. similar to Daniel 

et al., 2009), but due to this study’s limited time and resources, this was not possible. However, 

the specification of the wetland variable is in line with e.g. Ziemba et al., (2014) and after 

consulting wetland experts at the SEPA, this variable definition was chosen. Furthermore, as 

houses with more hectares of wetlands in the nearby area most likely are located further away 

from city centers, a variable controlling for distance to city centers was included in the model.  

The distance to city variable was produced using QGIS and measures the Euclidean distance 

between the house and the city center, and is just like the distance to water variable, transformed 

to be in natural logarithmic form.  Ideally, more variables controlling for e.g. open space and 

other recreational possibilities would have been included in the model, but as this study was 

performed within a very limited time frame, this was not possible. Nevertheless, as a Difference 

in differences approach is used, it would still be possible to elicit the flood mitigation value 

from wetlands as the value of other services from wetlands should not be affected by the flood. 

Also, as the wetlands are located up to 2 km away from each house the potential open space or 

amenity services from the wetlands should be very small. The definition of wetlands follows 

SEPA (2009) and the area was assumed constant over the time period, which after consulting 

with experts at the county of Jönköping responsible for managing land use in the area, was 

judged as a credible assumption.  
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Table 2. Summary statistics, 12645 observations, Jönköping, Gislaved and Värnamo, 2000-2003;2005-2010 

Variable Unit Mean Min Max Std. Dev 

Dependent variable      

LnREALP SEK 6.590 2.777 8.550 .570 

Structural variables      

LnLot size m2 6.859 4.595 10.824 .722 

Value based area m2 135.369 19.000 605.000 45.857 

Standard points  29.138 6.000 54.000 5.511 

Age  53.890 1.000 350.000 26.609 

Age2  3611.836 1.000 122500.000 4331.172 

Locational and City variables      

Beachfront Binary .012 0.000 1 .107 

Population  86660.980 29111.000 127382.000 44393.240 

Mean income  SEK 229029.900 204412.500 247233.400 12566.480 

Income support % 4.812 2.600 6.800 .880 

Crime rate Per 100 000 10683.570 6965.000 13243.000 1776.407 

Unemployment % 2.901 1.700 5.600 .809 

LnDistance to city m 8.746 3.851 10.653 1.023 

LnDistance to water m 5.914 .944 7.851 .823 

City Dummy      

Gislaved Binary .184 0 1 .388 

Värnamo Binary .205 0 1 .404 

Flood variables      

Flood zone Binary .016 0 1 .126 

Wetlands Hectares 112.352 0 812.753 127.764 

FloodWetland Hectares 2.270 0 663.989 25.029 

FloodWetPostFlood Hectares 1.480 0 655.932  19.920 

Year dummy variables (Reference year2000) Binary  0   

Year 2001 Binary .098 0 1 .297 

Year 2002 Binary .090 0 1 .287 

Year 2003 Binary .092 0 1 .290 

Year 2005 Binary .107 0 1 .309 

Year 2006 Binary .108 0 1 .311 

Year 2007 Binary .116 0 1 .321 

Year 2008 Binary .103 0 1 .305 

Year 2009 Binary .093 0 1 .290 

Year 2010 Binary .095 0 1 .293 
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6. Results 

The results of the hedonic pricing model developed in this study for the cities Jönköping, 

Gislaved and Värnamo is presented in table 3. After using the Breusch-Pagan test which showed 

significant results for heteroskedasticity, White’s standard errors were used in the regression. 

Also, after suspecting severe problems with multicollinearity and after checking correlation 

matrices and the VIF-test, four of the municipality variables were dropped (mean income, crime 

rate, population, income support) resulting in that only one of the five initial municipality level 

variables was included in the final model (unemployment) (Gujarati, 2004). The goodness of fit 

measure, R square, for the OLS model is acceptable at 0.6146. 

 

The results show that all structural variables are statistically significant on a 5 % basis and have 

the expected signs. The LnLot size variable is positive and shows that as the lot size increases 

by 1 %, the sales price will increase by approximately 6 %. The Value based area variable is 

positive indicating that if the area increases by one m2, the house price will increase by 0.4 %. 

Similarly, the Standard point variable shows that for one additional standard point, the house 

price increases by 2.5 %. The Age variable is negative and shows that one additional year 

decreases sales price with 0.8 %, while the Age2 variable shows that this effect changes over 

time. The beach front variable shows that a house located on or in the near area of a beach is 

sold for 57 % more than a house not located on a beach. 

 

The variable controlling for differences in unemployment between the cities is significant and 

shows the intuitively correct sign, indicating that when unemployment increases by one 

percentage point the sale price decreases by approximately 10 %. Both of the city dummy 

variables are statistically significant and are also of almost the same magnitude showing that 

houses located in Gislaved and Värnamo are discounted relative houses located in Jönköping 

by approximately 45 %. Five out of the nine year dummy variables are statistically significant 

at a 5 % level (2003, 2006, 2007, 2008 and 2009) where 2003 and 2009 shows that the prices 

have increased by approximately 5 % relative 2000 while the prices in 2006, 2007 and 2008 

have decreased relative 2000. 

 

Both the LnDistance to city and the LnDistance to water variables are statistically significant 

and shows the expected sign, where the distance to city variable shows that if the distance to 

the city center increases by one percent the house price decreases by approximately 20 % and 
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the distance to water variable shows that if the distance to the nearest river or lake increases by 

one percent the house price will decrease by approximately 1 %. 

 

Regarding the variables of interest in this study, the Flood zone variable is positive but not 

statistically significant, which is in contrast to the majority of the flood risk valuation studies 

in the literature (but in line with e.g. Kousky and Walls, 2014). It might be as previously 

discussed in the paper that the non-differentiated insurance market in Sweden reduces the costs 

of risk bearing significantly enough, which result in that the flood risks are not privately 

capitalized, and that the remaining costs (nuisance and deductibles) are too small to make a 

significant impact in this model.8 Moreover, the Wetlands variable shows that having one more 

hectare of wetland in a buffer area of 2 km from the house has a significant but small negative 

effect on house prices (0.06%). This could either be a sign of the disservices generated by 

wetlands (e.g. mosquitos, unpleasant view) or an indication that the variable signal something 

else that is correlated with having more wetlands in the vicinity (e.g. closer to nature and thus 

further from city centers). However, as the model includes variables controlling for distance to 

city centers, these potential effects should be controlled for, and thus, the small but negative 

impacts from having more wetlands in the vicinity of the house should originate from the 

wetlands. 

 

None of the two variables of main interest in this study, the FloodWetland and 

FloodWetPostFlood, are statistically significant and thus no distinct conclusions can be drawn 

from these variables. This is discussed in the following conclusions section. 

 

Finally, translating the single statistically significant variable of interest, the Wetlands variable, 

to monetary measures, shows that having one more hectare of wetland within a buffer of 2 km 

would reduce house prices by approximately SEK 500, showing that the effects from wetlands 

on house prices, even though significant, are very small. 

 

  

                                                 

8 This might also be because of so called ‘publication bias’, i.e. that studies showing significant results are 

published in a larger extent than studies with non-significant results. If all performed studies were published, there 

might be more studies showing non-significant results. 
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Table 3. Results for the pooled OLS hedonic pricing model for Jönköping, Gislaved and Värnamo with White's standard 

errors 

Variable Coefficients Robust.s.e t p-value 

Dependent variable     

Ln REALPR     

Structural variables     

LnLot size .062*** .006 10.39 0.000 

Value based area .004*** .000 40.61 0.000 

Standard points .025*** .001 31.59 0.000 

Age -.008*** .001 -14.42 0.000 

Age2 .000 *** .000 6.47 0.000 

Locational and City variables     

Beachfront .570*** .048 11.93 0.000 

Population     

Mean income      

Income support     

Crime rate     

Unemployment -.093*** .007 -12.88 0.000 

LnDistance to city -.197*** .004 -50.68 0.000 

LnDistance to water -.009** .005 -1.98 0.048 

City Dummy     

Gislaved -.450 *** .014 -33.02 0.000 

Värnamo -.453 *** .012 -38.02 0.000 

Flood variables     

Flood zone .050 .043 1.17 0.244 

Wetlands -.001 *** .000 -14.37 0.000 

FloodWetland -.000 .000 -0.28 0.781 

FloodWetPostFlood -.000 .000 -0.85 0.394 

Year dummy variables (Reference year2000)     

Year 2001 -.001 .013 -0.11 0.910 

Year 2002 .018 .013 1.37 0.169 

Year 2003 .061 *** .013 4.88 0.000 

Year 2005 .029** .013 2.19 0.029 

Year 2006 -.041 *** .013 -3.25 0.001 

Year 2007 -.153 *** .014 -11.20 0.000 

Year 2008 -.147 *** .015 -9.63 0.000 

Year 2009 .052 *** .016 3.30 0.001 

Year 2010 -.030 * .016 -1.82 0.069 

Constant 7.557 *** .061 124.61 0.000 

Number of obs.=12 645     

Prob. >F= 0.0000     

R-square=0.6146     

s.e. is standard error, t is t-statistic 

***significant at 1 % level 

**significant at 5 % level 

*significant at 10 % level 
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7. Conclusions 

This study contributes to the existing literature in three ways. First, it is to my knowledge the 

first study aiming to value flood risk and ecosystem services from wetlands by hedonic pricing 

in Sweden. The study investigated if the value of wetlands as flood mitigation ecosystems is 

captured and capitalized in house prices. The results showed that there are no significant effects 

that the flood mitigating services from wetlands are capitalized in single family house prices. 

This might be because these variables in fact do not significantly affect house prices and that 

wetlands does not play a vital role as buffers for houses located in flood zones. Further reasons 

might be that the wetland variable was not specified in a good enough way to capture the 

specific effect of water buffering and flood mitigation. However, as the flood zone variable was 

not statistically significant, and people evidently do not identify the risks of buying a house in 

a flood zone (or see these risks as similar or less than the benefits connected with being located 

close to water), it is not reasonable that the services from wetland in mitigating negative effects 

from floods are identified either. 

 

The second contribution from this study is that in addition to the insignificant flood mitigation 

results, it showed that there is not a discount for houses located within a flood zone (which is 

in contrast to the majority of published studies) as the results show no significant effects of 

being located in the flood zone. As there evidently are real costs resulting from floods in the 

area of Jönköping County area9 some factors must affect the perception of risk and 

accountability of the floods, as these costs are not privately capitalized in house prices. There 

are several reasons that can have affected the results. First, as suggested in the introduction, the 

insurance companies in Sweden do not differentiate premiums between houses located in risk 

zones for floods from houses situated in safer areas, and thereby a big share of the cost of the 

risk is placed on the insurance companies rather than on house owners (leaves only the cost of 

deductibles and nuisance). This fact may affect the behavior and choices people make on the 

house market. However, as the study by Kousky and Walls (2014), which is performed in a 

context of differentiated insurance premiums (USA), shows similar results, other explanations 

are possible. Second, there might be a general lack of information of the risks for floods in the 

flood zone areas, which implies that house buyers does not consider the flood risk characteristic 

                                                 

9 As an example, the costs for floods in Jönköping County for the insurance company Länsförsäkringar were 

approximately SEK 60 million for the relevant time period. Unfortunately, no data for the costs for Värnamo 

municipality, which bears the largest share of the total costs, were available. 
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when choosing from the bundle of characteristics that each house possess. Another possible 

explanation might be that there exists a perception bias i.e. that there is a divergence between 

the perceived risk and the scientific probability of an event occurring. Recent studies have also 

shown that a flood can cause house prices to be discounted, but the effects are decreasing shortly 

after the flood, to diminish entirely after a few years (Atreya et al., 2012; Bin and Landry, 2012) 

implying that the Difference in differences approach should have been modeled with a shorter 

“after flood” perspective.10 

 

The third and final contribution from this study is that it shows that it is not straightforward to 

value specific regulating ecosystem services with the hedonic pricing method. If the service is 

the reduction of risk or reduced consequences from a certain event (flood, earthquake), rather 

than a permanent characteristic (e.g. good water quality, nice view, etc.) the value of the service 

might be harder to capture as it depends on people’s perception and handling of risks.  

Furthermore, the variables needed for a study aiming to capture only specific services from 

ecosystems need to be accurately defined and also needs substantial ecological and biological 

expertise. Also, as the provision of regulating ecosystem services might not be the first thing a 

potential house buyer investigates, the benefits from these services should presumably be of 

substantial weight to be capitalized in house prices.  

 

Finally, if the insurance companies in Sweden begin to differentiate insurance premiums for 

houses with different levels of flood risk, future research could make a follow up study to see 

if the value of flood risk is capitalized in house prices. This could then enable further analyses 

of the flood mitigation services from wetlands. Furthermore, the variables used to represent the 

flood mitigation service in this study should ideally be more precisely specified and include 

indicators such as type of wetland, elevation and location (upstream-downstream) to in a greater 

extent model the relationships between wetlands and flood mitigation. However, as long as the 

insurance market is functioning in the current way, the hedonic pricing method will probably 

have great difficulties in capturing the values connected to flood risk, and consequently values 

generated by flood mitigation services from wetlands.   

                                                 

10 For example, in this model the Difference in differences approach is designed with a before and after the flood 

perspective. However, if the perceived risk decreases rapidly after the flood, say after a few months or a year, it 

could be interesting to design the study to see if there are short term effects on house prices from the flood event 

by using a shorter “after flood” time frame.   
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