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Abstract
A majority of rural, agricultural households in Nepal rely on forests for firewood and fodder. 
Access to the forest clearly matters, but might not be as simple as proximity if quality varies 
by management and property regime. Using two rounds (2003/2004 and 2010/2011) of 
nationally representative survey data for rural Nepal, we analyze the impacts of forest proximity 
and the type of management regimes on housing values.  Results from hedonic pricing models 
indicate that when different property rights regimes are ignored, the implicit price of proximity 
to the forest from where household collects firewood is positive.  However, proximity is no 
longer a significant determinant when the property regime from where a household gathers 
firewood is considered. Relative to a housing unit that uses a private forest as its primary 
firewood source, the value of a similar housing unit using a government forest has a 10 percent 
(2010/11) to 20 percent (2003/04) lower value; the respective percentage reductions for 
a similar housing unit with community forest source is about 7 to 10 percent.  Given limited 
private forest lands, results offer a measure of support for newly-adopted collaborative 
and leasehold programs. In the first, government forests are collaboratively managed by 
local communities with the government, where revenues are shared equally. In the second, 
degraded government forests are transferred to the rural poor for 40-year terms so that 
households can conserve and use forest products privately.

JEL Classification: Q23, Q51

Keywords

Community forest, Hedonic method, Housing value, Forest Policy, Private forest,  

Rural Nepal. 
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Where gathering firewood matters:  

Proximity and forest management effects  

in hedonic pricing models for rural Nepal

1. Introduction

Forests provide timber as well as non-timber products, such as, firewood, fodder, leaf and litters. These products 
are direct lifelines to rural communities, such as in Nepal and elsewhere, as rural households rely on access to 
forests for firewood for household energy, and leaf and litters for animals feed and beddings. More indirectly, the 
full suite of ecosystem services forests provide include watershed protection, soil conservation, biodiversity, and 
carbon sequestration. Forests can also be the source of natural amenities, providing on-site recreational use values, 
and even non-use values. Many of these services are not traded in a market. Thus, measuring the total economic 
value (TEV) that a forest provides is a complex task, requiring a mix of both market and non-market valuation 
approaches (Champ, Boyle, & Brown, 2012). For example, even though rural people extract forest products for their 
daily needs, there is no formal, explicit market for forest products in rural Nepal. However, the benefits from forest 
access to proximal or nearby rural residences, which represent one part of the TEV of forests, may be capitalized 
into the value or price of housing units. If the quality of forest access varies by the type of forest management or 
property regime, then this might also affect the capitalization of forest access into rural housing values.

The hedonic pricing method (HPM) econometrically decomposes variation in the price of a heterogeneous good 
(e.g., a house) by variation in the characteristics of that good (Rosen, 1974; Taylor, 2003). The method is based 
on the assumption that individuals value the attributes of a good or the services it provides, rather than the good 
itself(Rosen, 1974). As such, HPM allows estimation of the marginal implicit price of a characteristic, say, proximity 
to a forest or wetland, which might affect the market price of a housing unit. While applications to investigate the 
effects of environmental characteristics on housing markets are common, there is a dearth of hedonic pricing 
studies in developing countries. This is mainly because of the lack of appropriate data on housing market in these 
countries. 

Using the hedonic pricing model (HPM), with two rounds of nationally representative cross-sectional data (2003/04 
and 2010/2011) from the Nepal Living Standard Survey (NLSS), this study examines the impacts of proximity, 
and access to different types of forests, on residential property values in rural Nepal. The main objectives are to 
investigate two inter-related questions for a rural Nepalese setting: (i) do housing units become more valuable when 
closer to a forest?; and (ii) does access to different types of forest management or property regimes (where the 
household primarily collects firewood, etc.) affect housing values?

To date, most studies conducted in urban or semi-urban settings indicate that forest proximity and access bring 
positive value to residential properties (Hand et al., 2008). However, HPM studies focusing directly on rural agro-
forestry settings in developing countries are relatively limited, and do not always indicate positive values for 
proximity to open space or undeveloped lands (Le Goffe, 2000). This analysis adds to this scant literature, and 
attempts to overcome the data issue by using owner-reported housing values from two rounds of a national survey. 
The home owner’s response on the price of their house provides a unique opportunity to fill the research gap. There 
are inherent concerns about the reliability of self-reported housing values. However, prior research suggests that 
self-reported housing values can provide good estimates of the market price with relatively small margins of error 
(Goodman and Ittner, 1992; Keil and Zabel, 1999; Agarwal, 2007). Thus, similar to developed country contexts 
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that use national census products for HPM (Hand, 2008; Izon et al., 2010), this analysis uses self-reported housing 
values, from national surveys, to help evaluate the economic value of the different forest management regimes in 
rural Nepal.

Econometric results indicate that structural and neighborhood characteristics have expected effects on housing 
values. When different forest management or property regimes for accessing forest resources are ignored, then 
the implicit price of forest proximity (being closer to forest resources) is positive, measured in time to collect 
firewood. However, proximity effects are no longer significant determinants of housing value when different 
forest management regimes are considered. Access to forest with different management regimes has different 
marginal implicit price effects on housing units, indicating that not all forests management regimes are valued 
equally. Access to private forests for gathering firewood and fodder always provides significantly more value 
than government managed forests, across all model specifications. Access to community forests represents an 
intermediate casein that the housing value is lower than the case of access to private forests but higher than with 
access to government forests. Relative to a housing unit using a private forest as its primary firewood source, the 
value of a similar unit using a government forest has a 10 percent (2010/11) to 20 percent (2003/04) lower value; 
the respective percentage reductions for a similar unit with community forest source are about 7 to 10 percent. 
In the case of a sub-regional level fixed effects model, the difference between private and community forests 
disappears (but only for the 2003/2004 data).

Of particular policy relevance, these result provides support to a new government initiative in Nepal that started 
transferring management of some of the degraded government forests to local people as leasehold forests for a 
40-year term (Sharma, 2016), and some of the still productive old growth forest to communities to be managed in 
collaboration with the government. More broadly, for both Nepal and other developing country contexts with agro-
forestry settings, the results help demonstrate how forest access, and its interaction with forest governance, can be 
capitalized into housing values, a critical component of household wealth.

2.  Background and Related Studies

Forests can be the source of both benefits and costs, which may vary greatly across different settings, for nearby 
housing units. In a rural developed country setting, nearby government-protected forest and wilderness access 
may be highly valued for recreation opportunities, especially for highly mobile nearby urban populations (Hand, 
2008) although, when use rates are heavy, living too close may be a source of congestion or disamenities (Ham, 
Champ, Loomis, & Reich, 2012). In a rural developing country setting where villagers heavily rely on agriculture for 
livelihood, there can be complex interactions with forests(Le Goffe, 2000). Forests are sources of fuel for household 
energy and fodder for livestock. Living adjacent to a forest can pose a threat of wildlife damage to crops, and 
sometimes threaten human lives as well. Forests values may be reduced by natural events (e.g., wildfire or insect 
infestation (Price, McCollum, & Berrens, 2010) or degraded by poor management. Further,dense forests nearby 
agricultural land may lower productivity preventing adequate sunlight. Critically, the type of forest ownership, and 
associated management, may alter off-site effects on nearby housing units. 

The vast majority of rural Nepalese households earn their living or subsistence through agriculture, and use 
firewood for cooking and heating (Nepal, Bohara, & Berrens, 2007). Amacher et al. (1993, 1999) provide early 
studies on the importance of fuelwood production and consumption in Nepal, where firewood collection is labor 
intensive, mostly done by women, and not dependent on hired labor. In a recent study, (Cooke & Clair, 2016) 
examines the intra-household labor allocation in firewood collection. Since the late 1990s, there is an explosion of 
out-migration of adult males from Nepal to the Gulf countries, India, Malaysia and South Korea for short-term work 
(Karki Nepal, 2015). As a consequence, female-headed households in rural Nepal are increasing. Although many 
homes are still passed down through inheritance, remittances have helped create an active housing market. Given 
that firewood collection is mostly done by women, they are increasingly involved in making household decisions. 
Given the increasing trend of out-migration of rural people for short-term employment, the use of forest for firewood 



Where gathering firewood matters: Proximity and forest management effects in hedonic pricing models for rural Nepal

3

extraction might be expected to be declining. However, the successive rounds of Nepal Living Standard Surveys 
(1995/96, 2003/04, and 2010/11) indicate that the collection and use of firewood was increasing over those 
years (M. Nepal, & Grimsrud, 2011). Amacher et al. (Amacher et al., 1999) describe the complex interdependence 
between agriculturally-dependent households and nearby forests.

Approximately 30 percent of the surface area of Nepal was forested in the mid-1990s. In part based on Ostrom’s 
(Ostrom, 2012) seminal research that local communities can manage natural resources successfully under certain 
conditions, the Nepal Government introduced the Forest Act in 1993 and began experimenting with community 
ownership of forests. After over a two-decades effort of forest conservation applying community based-forest 
management, the forest area is now over 40% in 2010 (F. R. A. Nepal, 2015). 

In Nepal, forests can initially be categorized into two different primary land ownership types: national forest, and 
private forest.1 National forests are those forests where land belongs to the government, and private forests are 
privately owned and managed (i.e., planted, nurtured or conserved by individuals in their personal land for their use 
according to prevailing laws). National forests are further divided into government-managed forests, community 
forests, protected forests, leasehold forests, collaborative forests, and religious forests. Apart from community 
forest and government-managed forest, the total area under different forest types is less than one percent of the 
national forest. There are no reliable national statistics about the exact size of the private forests in Nepal. 

Alternative institutional arrangements for who owns (e.g., private versus national) or manages (government versus 
community), may generate differential values to the users. Households can be expected to have preferences over 
different institutional arrangements (Bromley, 1989), which can then be reflected into housing values. By definition, 
private forest is under the jurisdiction of individual households where access to and use of forest products is 
unrestricted to the owners. Government forests, on the other hand are owned and managed by the central 
government through district forest offices. Since government forests are poorly managed, the forest quality tends 
to be poorer relative to community forests. Community forests are government-owned forests managed by the local 
communities; Community forest user groups manage these forests based on the agreed upon rules and criteria for 
access and use of forest products, but the forest land still belongs to the government. Given the variation in the 
institutional arrangements surrounding forest access and use of forest products, we are interested in understanding 
the value that households place on different types of forests management and property regimes in rural agro-
forestry settings where households collect firewood for energy. 

For nearby households, who rely on forest products, access to different types of forests has different implications. 
In general, government forests are widely recognized as being poorly managed in Nepal and are of low quality; 
whereas, community forests are better managed in terms of conservation. Community forests can provide users 
with regulated and controlled access for collecting timber and non-timber forest products. If forests are regulated 
so that use does not exceed yield, then such access can help to maintain forest health. For the farmers who 
mostly rely on forest products for their daily needs, access to privately-owned forest plots or patches may be more 
beneficial than the other types of forest, as they can be used by the owners and family members whenever needed, 
and they have a private incentive to use sustainably. 

In community forests, there are typically various access restrictions, aimed at protecting and promoting sustainable 
use, regarding how and when the users can use forest products. Access restrictions depend on forest condition and 
local need. The community forest user groups come up with the rules in collaboration with the district forest offices. 
Since government officials are involved in the process, the restrictions are often similar across community forests. 
In contrast, government forests in Nepal are less predictable in terms of benefits sharing among rural people; often 
un-regulated or treated as open access; thus, degraded due to over-exploitation. Therefore, we expect differential 
capitalization of access to different forest types into housing values. 

1  As noted in Nepal et al.(M. Nepal et al., 2007), prior to 1950, the Oligarchy Ranarulers considered Nepal’s forests as their private property. 

After the 1950’s democratic transition, the Forest Act of 1957 nationalized all types of forests. Given the absence of any enforcement of 

newly-created state property regimes, nationalized forests effectively became open access resources. Nepal experienced resulting massive 

deforestation (e.g., about 45 percent of land area was covered by forest until 1964, but only 29 percent by the end of 1990). 
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Given this expectation, it is natural to consider application of the hedonic pricing model (HPM). HPM 
econometrically decomposes variation in the price of a heterogenous good by variation in the characteristics of 
the good (Taylor, 2003). The most common application of HPM is to value the environmental services that directly 
affect the market price of residential properties or housing units. House prices depend on structural characteristics 
(e.g., number of rooms, plot size, wall types, floor area and roof materials) of the house, neighborhood 
characteristics (e.g., proximity to city center, and police stations), and environmental characteristics (e.g., distance 
to forest or the type of forest) in the area. HPM helps to unfold the implicit marginal prices of different attributes, 
which are unknown otherwise.

An open question is whether proximity to forested lands will be expected to have a positive effect on housing values, 
especially across different settings (e.g., abundance vs. scarcity or rural vs. urban location). Studies suggest that 
when the environmental amenities such as forested land or wetlands are not in limited supply, residents do not pay 
a premium for proximity (Bin & Polasky, 2005). Thus, depending on the setting, proximity and access to forested 
lands, and other undeveloped lands or open space, nearby forest might bring either positive or sometimes negative 
impacts on housing values (Thorsnes, 2002). What is missing are studies showing how access to forests may 
effect housing values in a rural, developing country context, where residents are directly dependent on access for 
firewood, and other products. 

3.  Materials and Methods

3.1. Hedonic pricing method
Assume a representative consumer with utility function U =U(X,H) where H is a residential housing unit with 
differential attributes (H = (h1, h2...hn )) and X is a composite good that includes all other goods except housing 
unit. The consumer maximizes her utility subject to budget constraint: X+P(H) = Y, where without the loss of 
generality the price of X is normalized to 1, P(H) is the value of each residential unit, and Y is the consumer’s 

income. Optimality requires:                         . This expression indicates that the marginal rate of substitution 

between attributes hi and the composite commodity X is equal to the rate at which the consumer can trade hi 

with X (Champ et al, 2012). This marginal willingness to pay for hi must be equal to the marginal implicit price of 

purchasing more of hi holding other things constants. 

Assuming the utility function is weakly separable in residential property, which allows omitting the prices of other 
goods in the marginal value function, and an individual purchases or owns a single unit of housing, the hedonic price 
function can be a function of vectors of structural (S), neighborhood (N) and environmental (E) characteristics: 

          (1)

where r refers to the region or sub-region where the residential unit i is located. For all housing units the structural, 
neighborhood and environmental characteristics are assumed to vary in the sample as the data are collected from 
rural areas across Nepal, where housing units are mostly scattered throughout the country. For estimation purpose, 
the following regression model is considered: 

           (2)

where βk (k = 0, 1, 2, 3) are parameters (the last three are vectors) to be estimated and δr is regional or sub-regional 
fixed effects that account for unobserved heterogeneities at regional/sub-regional level. Empirically, the hedonic 
price equation is often non-linear (Champ et al, 2012). Therefore, instead of making any a priori judgment, the 
following flexible Box-Cox transformation is used to decide on the functional form of (2). 

           (3)

ǝU / ǝhi ǝP
=ǝU / ǝX      ǝh

Pir = Pr (Si , Ni ,Ei )

Pir = βo+ β1 Sir + β2 Nir + β3 Eir  + β2 Nir + δr +Uir

Pir = βo+ Σ βk Xirk   + Σ γr Dir + uir

k [λ] R

k=1 r=1

[θ]
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Where θ and λ are Box-Cox transformation parameters, Xi is a vector of continuous or count independent variables, 
and D is a vector of indicator variables. Here, the general rule of transformation is that 

              for θ ≠ 0. Hypotheses are tested on θ to decide which functional form is  

appropriate for the data. 

Another important issue that HPM faces is the spatial dependence of observations. The NLSS data do not provide 
geocodes to allow spatial econometric approaches. We use clustered robust standard errors to help account for 
the spatial-clustering effect since the NLSS data are collected using stratified clustered-random sample where 
households are clustered at the primary sampling unit level. Finally, we also use regional and sub-regional fixed 
effects to help account for spatial dependence issue. 

3.2.  Data and the variables
The data for this study come from two rounds (2003/04 and 2010/11) of the Nepal Living Standards Survey, 
which were the second and third rounds of the living standards measurement survey for Nepal. These are nationally 
representative and comprehensive surveys with a sample size of 3912 and 5988 households, respectively 
in 2003/04 and 2010/11. Survey design and data collection followed the World Bank’s Living Standards 
Measurement Survey methodology. Data were collected in three pre-scheduled phases to account for seasonality in 
various economic activities. The rural sub-samples (1,951 and 2.677 observations, respectively) of the NLSS II and 
IIIare used for this analysis. This sub-sample includes only rural households who actually use firewood as a primary 
source of cooking energy. We exclude all rural households who indicated they do not use firewood.2 

One fundamental assumption of HPM is reliance on market transactions for differentiated housing units to 
determine the value of underlying characteristics (Taylor, 2003). Thus, where possible, observed prices are 
preferred; however, occasionally researchers might use listed prices, assessed values or even census survey 
statements of expected value (Hand et al., 2008). The study area in this paper is rural Nepal where housing markets 
are thin, and collecting the property value data from market transactions is not feasible; limiting the scope for the 
HPM in developing country context. Reported market data, even if available, do not provide the actual price of 
housing units in Nepal as both sellers and buyers have incentive to under-state the actual prices to avoid the stamp 
duty that both sides are required to pay at the given rates.3 

An alternative way of dealing with the residential property value is to use the rental price of the residential units. 
But in the full NLSS sample over 85% of housing units are owner occupied, and in the rural sub-sample 100% of 
the housing units are owner occupied, which does not allow using rental value of the residential property as the 
dependent variable. Therefore, a homeowner survey that collects the value of housing units is used.4

Regarding the concern about the reliability of the self-reported price of housing units, evidence suggest that the 
self-reported housing prices are as reliable as the market transaction data with the margin of error ranging from 5% 
to 8% (Goodman and Ittener, 1992; Kiel and Zabel, 1999). The results indicate that the margin of errors is correlated 
with the age of the house, where owners tend to overstate the value of the older structure. These research findings 
indicate that the reporting errors are not correlated with the socioeconomic characteristics of the households or 
attributes of the houses, providing support for using the self-reported housing price for hedonic analysis (Gonzalez-

Pir  = In Pir  for θ = 0 and Pir     =
[θ] [θ] Pir - 1

[θ]

θ

2  For more information on NLSS sampling and data collection, please see http://cbs.gov.np/nada/index.php/catalog/37 (accessed on 

August 15, 2016). 
3  At an anecdotal level, several of the authors have observed instances of buyers/sellers understating the actual transaction price of 

housing units in Nepal. For example, in recent property deal in the authors’ neighborhood, the actual price was Rs. 30 million, while the 

reported price was just Rs 15 million.  
4  The Nepal Living Standards Surveys 2003/04 and 2010/2011 collected responses of home owners asking explicitly: “If you wanted to buy 

a dwelling just like this today, how much money would you have to pay? Include value of housing plot also.”  
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navarro & Quintana-domeque, 2009). In order to address the possible over-reporting of the value of older housing 
structures, we control for the age of the houses in our analysis.5 Furthermore, the use of homeowner surveys are 
not uncommon in rural areas in developing countries. This is mainly because the housing market is either heavily 
regulated or very thin, and obtaining rental value of the residential unit is uncommon in developing countries. In a 
similar situation, Nauges and Van den Berg (Nauges & Van Den Berg, 2009) also use a homeowner survey in Sri 
Lanka while doing hedonic analysis to estimate the willingness to pay for access to piped water. 

Table 1 presents variable definitions and summary statistics of the variables used in the analysis. The mean 
self-reported housing value in our rural sub-sample is approximately Rs 91,000 in 2003/04 and Rs 162,000 in 
2010/11 (at 2003/04 price). Explanatory variables include the structural characteristics of the housing units and 
the neighborhood characteristics. Structural characteristics include: three categories of wall materials (cement, 
wood, and mud); plot size; five categories of roof materials (cement, wood, thatch, tile, and other); year-built dummy 
(BUILT-BEFORE95 equal to 1 if built before 1995, else 0); presence of piped water at the home (PIPED-WATER); 
and number of rooms. To help control for any spatial dependence, we used regional fixed effects. There are three 
ecological belts and five development regions. As an alternative, we also use 15 sub-regional fixed effects for 
checking robustness of the findings. The three ecological belts are mountain, hills and terai, a flat low land; and five 
regions are east, central, west, mid-west, and far-west. The 15 sub-regional fixed effects combine three ecological 
and five development regions. While about 80 percent of the total land area in Nepal is in the combined Mountain 
or Hills ecological belts, only 14 percent and 42 percent, respectively, of the households are located there. A typical 
sample household has mud or earthen walls and 3-4 rooms. About 48% of the households have piped water, and 
about 27 percent use a private forest as their primary source for firewood. Average two-way travel and firewood 
gathering time is about 3.5 hours.

For neighborhood characteristics, the survey data provides a variety of measures including distance to police 
station, market, road, post office, cooperatives, and banks. As these facilities are clustered in the same area in 
rural villages, using more than one creates a multicollinearity problem. Therefore, the distance to the nearest police 
station is used as the neighborhood measure. Average two-way travel time to the nearest police station is 4 hours 
in 2003/04 and it went down to 1.5 hours in 2010/11. The reduction in travel time to the nearest police station 
is mainly due to the fact that during civil unrest in Nepal (1996-2006), police stations and government offices from 
rural areas were removed for security reasons and after the end of civil unrest, police stations were re-established 
(M. Nepal, Bohara, & Gawande, 2011). We also explored alternative measures of neighborhood characteristics but 
do not find any significant difference in estimated results. 

There are several forest access variables analyzed in different specifications. The first forest access variable 
of concern is the distance to the forests from the housing units. In the data sets, distance to the forest from 
the housing units is measured in terms of time taken to collect one unit of firewood. Given that firewood is the 
main source of household energy in rural Nepal and mainly collected from the forests, the survey asks questions 
regarding the time taken to collect one unit (called bhari in local language that is about 25-30 kg load) of firewood. 
The time to collect (COLLECT-TIME) one unit of firewood is assumed to measure two things: two-way distance to 
the forest and the degree of availability of firewood in the forest. If the forest is far away, or firewood is scarcer, then 
it would take more time to collect one unit of firewood. Therefore, collection time in our case can be thought of as a 
composite index of distance and quality of the forest. 

As an alternative to a continuous time measure of firewood collection, we break collection time into three ordered 
dummy variables: DISTANCE1, DISTANCE2 and DISTANCE3. DISTANCE1 is coded 1 if firewood collection time is 
quite close --less than one and half hour, and 0 otherwise; DISTANCE2 is coded 1 if firewood collection time is 
between one and half hour to four hours, and 0 otherwise; and DISTANCE3 is coded 1 if the firewood collection 
time is more than four hours, and 0 otherwise. This approach is consistent with recommendations by Ham et al. 

5  In the NLSS 2003/04 data set, we have an indicator variable ‘constructed before 1995’ that represents the age of the house. In the 

absence of actual age of the houses, we use this indicator variable to control for the age of the houses. For 2010/11 data, we control for 

actual age of the houses.
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(Ham et al., 2012) for HPM’s of forest proximity. It allows investigation for possible nearby adjacency effects (e.g., 
negative impacts from being adjacent versus relatively close) or non-linear distance effects.

Different types of forest management or property regimes are used as explanatory variables, assuming that all 
forests may not be equally valuable to the residents for gathering firewood etc. In both rounds of the NLSS survey, 
Nepal’s forest is divided into four types: (i) private forest, (ii) community forest, (iii) government forest, and (iv) 
‘other’ forest. The survey asked households the primary sources of the firewood (“Where did you mainly collect 
firewood?”) with these four choices. Unfortunately, in both rounds of the survey, no information is available whether 
the households collect firewood from more than one source. 

 4. Results and Discussion

4.1. Results
In order to identify an appropriate functional form, Box-Cox transformation is used. In the Box-Cox transformation, 
the joint significant test of H0: θ = λ = 0 (see equation 3) is not rejected, meaning that both left hand and right 
hand sides variables need the log transformation. While running the Box-Cox transformation test, the indicator 
variables (e.g., types of roof.) and count variables (e.g., number of rooms) are not considered transformable. Three 
continuous explanatory variables (firewood collection time, plot size, and time to reach the nearest police station) 
are considered transformable. 

Table 2 and Table 3 present estimation results for four different specifications (Models I-IV) of the log-log hedonic 
price models, where results vary in how we measure the environmental characteristic of forest proximity (time 
needed for firewood collection) and whether or not we ignore or differentiate forest management and property 
regimes (for where a household gathers its firewood). In terms of goodness of fit, the R-squaredvalue is close to 
0.56 in all models for 2003/04 data, and somewhat lower for 2010/11 data (close to 0.41). In terms of structural 
and neighborhood characteristics, there are clear patterns in terms of signs and significance of coefficients across 
all model specifications, which are consistent with a priori expectations. For example, the coefficients of the 
number of rooms, plot size, having cement walls and roofs, and having piped water, are all significant and these 
variables are positive determinants of housing value across all models. Distance from town or village services, as 
proxied by the Police Station, is always statistically significant and negative indicating that proximity to central 
services in a village matters. 

Model I is the basic model where 10 variables represent structural characteristics (e.g., wall type, roof type, 
plot size, number of rooms, year built, etc.), other variables represent location (fixed effects) or neighborhood 
characteristics, and one variable represents forest proximity (measured by the time taken to collect one load of 
firewood).6 As expected, the estimated coefficient of LCOLLECT-TIME, is negative but statistically insignificant at the 
conventional two-tailed test7 for 2003/04 data. It is, however, statistically significant at 10% level with one-tailed 
test. In the case of 2010/11 data, the coefficient of LCOLLECT-TIME is negative and significant. 

In Model II, the distance to the forest is replaced by two dummy variables – DISTANCE2 indicates firewood 
collection time between one and half to four hours, and DISTANCE3 indicates the collection time over four hours, 
while the collection time less than one and half hour is used as the base or reference category. With this alternative 
measure of distance to the forest, the results are comparable and stable – the farther away the forest from the 
residential unit, the lower the self-reported value of the housing unit. 

6  We check for the multicollinearity using variance inflation factor. It ranges from 1.07 to 2.38 in both rounds of the survey data, which is 

well below the threshold value of 10, indicating no serious multicollinearity.
7  Based on our hypothesis that the distance to forest should have negative impact on housing price in the situation where households 

depend on firewood for cooking, a one-tailed test is more appropriate. 
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In Model III we controlled for distance to the forest and three types of forest management and property regimes 
as dummy variables. In the analysis, private forest (FOREST-PRIV) is the reference category. Here all the estimated 
coefficients of forest management and property regimes are negative and significant indicating that not all forests 
are valued equally when it comes to the residential property value. Private forests are more valuable than any other 
categories, followed by the community forest and other type of forests. The least valuable is the government forest 
in 2003/04 data and other forest in 2010/11. These results are consistent with the arguments that government 
forests are mostly mismanaged and over-exploited compared to the other forests. The distance to the forest still 
has negative effect on the housing price; however, the estimated coefficient on DISTANCE2 and DISTANCE3 are 
insignificant after accounting for the forest type. The rest of the results in Model III are comparable with the first 
two models. 

As seen in Model III, when the types of forest management and property regime are considered, none of the 
estimated coefficients on the distance dummy variables are significant.8 However, with private forests as the 
reference case, the estimated coefficients on FOREST-COMM, FOREST-OTHER and FOREST-GOV are all negative 
and significant. Of these negative coefficients, that of FOREST-GOV is the most different from the private forest 
case in 2004, indicating that government forest is less valuable than community forest while private forest is the 
most valuable. 

As a further check, and to mitigate possible spatial effects by controlling for even smaller regions (Zabel & Guignet, 
2012), we replicate Model III but with 15 sub-regional fixed effects. This sub-regional FE specification is presented 
as Model IV in Table 2 and Table 3. Model IV results are largely consistent with Model III results. The only difference 
is that the estimated coefficient on the community forest variable, while still negative, is no longer significantly 
different from private forests in the case of NLSS 2003/04 data but it is still significant in 2010/11 (for one-tailed 
test). The other forest types remain significantly lower valued than private forests.9 

4.2. Marginal implicit prices 
In Table 4, marginal implicit prices of different attributes are presented for the statistically significant determinants 
of housing value estimated in Models I-IV in Tables 2 and 3. Since the continuous as well as the binary variables are 
used in the right hand side of the hedonic pricing models,Table 4 provides either the marginal implicit price (MIP) 
for the characteristic of interest if the variable is continuous or percentage difference in the marginal implicit price 
compared to the base category if the variable is categorical. The following formulas are used to calculate the MIP of 
different characteristics:

a) If the independent variable is also in log: 

b) If the independent variable is not in log: 

c)  If the independent variable is a dummy variable: 

Here, (c) gives the difference in MIP from the base category and multiplying it by 100 becomes percent difference 
in MIP of the given category from its base category (Halvorsen & Palmquist, 1980).

In Model I, the marginal implicit price of distance to the forest is Rs 937 (close to $13 USD) in 2003/04 and it is Rs 
4,000 (close to $54 USD)10 in 2010/11, indicating that if the forest is one additional hour away from the housing 
unit, the value of the housing unit would go down by Rs 937 to Rs 4,000, on average, depending on the survey year. 
This difference is due to an increased demand for housing units as a results of steady inflow of remittances in the 
country for the past several years (Karki Nepal, 2015). To help put this into perspective, these amounts are close to 

8  Since distance includes travel and collection time, the forest types may be confounded in distance. To check this issue, we use community 

level data where one-way travel time to the nearest forest is reported. Results do not change with this alternative measure of distance, 

indicating their robustness. Alternative results are available upon request.  
9  We also estimated yet another model interacting log of collection time with forest types. The results are consistent to those in Model IV, 

with a slightly smaller estimated coefficient for the interaction terms. 
10  The 2003 and 2010 exchange rate for the Nepali Rupee and US Dollar was Rs 74, approximately. 

MIPi = βi .      ;   
Y
X

MIPi = βi .    ; and  Y

MIPi = exp (βi ) - 1.
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1 to 2.5 percent of the mean housing value. The marginal implicit price of the plot size is Rs 7 to 13 indicating that 
an additional 100 square feet area increases the housing value by Rs 700 to 1300. Additional room is valued at Rs  
14,400 in 2003/04 and at around Rs 23,000 in 2010/11; and one extra hour travel distance to the nearest police 
station reduces housing value by Rs. 3,656 in 2003/04 and by around Rs 19,800 in 2010/11. This huge difference 
may be due to the fact that 1996-2006 violent conflict in Nepal may have changed the preferences of rural people 
where they started putting more value for the property nearer to police stations on the ground of safety. 

The MIP of a housing unit with cement wall is about 27 percent higher than that of stone-mud mixed wall house in 
2003/04 and it went up to 59% in 2010/11, but the value of a house with wooden wall is 19 to 21 percent less 
than the house with stone-mud mixed wall. The housing unit with cemented roof has 88 to 100 percent higher value 
than the house with galvanized iron roof, but a house with thatched roof has 43 percent less value compared to the 
galvanized iron roof. A piped water connection to a house provides a 12 to 14 percent higher value compared to a 
house without it.

As seen in Models III and IV, when forest management and property regimes are considered, access to a private 
forest for firewood has the highest value compared to the government, community or other forests. The value of 
a housing unit that uses government forest as its primary source for firewood has a 10 percent (2010/11) to 20 
percent (2003/04) lower value compared to a similar housing unit that uses a private forest as its primary source 
for firewood. Finally, a housing unit using a community forest for firewood access has about 7 to 10 percent lower 
value compared to a housing unit that uses a private forest.

In all models, the estimated coefficient of the age of the housing structure (BUILT-BEFORE95) is positive but not 
significant indicating that there is no statistical evidence in the sample that the owners of the houses with longer 
tenure overstate the value of their homes.11 This result is robust across different specifications including sub-
regional fixed effects. In order to further examine the age of the house in the reported value, we estimated HPM 
using sub-sample of houses built after 1992 (a bench-mark year for liberal economic policies). The results are 
presented in Appendix 1. These results are consistent with what we have presented in Tables 3, but stronger in the 
sense that private forest is more important than government forest (Table 3 vs. Appendix 1). 

5. Conclusions

Access to nearby forests for firewood and non-timber forest products is crucial to the well-being of rural households 
in Nepal. These ecosystem services benefits to nearby households, from being able to access and collect firewood 
and non-timber forest products for household use represent just a part of the TEV that forests provide (e.g., they do 
not reflect non-use values). To investigate this use value component of forest TEV, a set of hedonic pricing models 
are econometrically estimated for residential units in Nepal, using rural sub-sample data from two rounds of a 
nationally-representative survey. While HPM applications are common in developed country contexts, the analysis 
represents a relatively unique application of HPM to a developing country context, further differentiated by a rural 
agroforestry setting with two rounds of nationally representative survey data.

The analysis investigates two inter-related questions in a rural Nepalese setting: (i) do housing units become more 
valuable when closer to a forest?; and (ii) does access to different forest management or property regimes (from 
where the household primarily collects firewood) affect housing values? HPM results indicate that when forests 
types are not differentiated by management regimes distance to the forest has a negative and significant impact. 
However, when the effects of different forest management and property regimes are considered, the distance to the 
forest becomes an insignificant determinant. Relative to a housing unit using a private forest as its primary firewood 
source, the value of a similar unit using a government forest has a 10 percent (2010/11) to 20 percent (2003/04) 
lower value; the respective percentage reductions for a similar housing unit with a community forest source are 
about 7 to 10 percent. Thus, community forests are higher valued than government forests. In the case of the sub-
regional level fixed effects model, the difference between the private and the community forests disappears, but 
only for the 2003/2004 data.

11  For 2003/04, we have built before 1995 as an indicator variable, and for 2010/11, we have actual age of the houses. 
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The first contribution of this research is the use of the HPM in a developing country where housing markets are 
often very thin and difficult to get transaction data. Transaction data, if available, under-value the property in 
Nepal since there is a tendency of under-reporting the actual transaction price to avoid the capital gain and land 
registration tax. Homeowners’ survey responses are used to get the self-evaluated housing price. Since we use two 
rounds of a large and nationally representative sample, this study is a benchmark for future Nepal research. 

A second contribution is to show that alternative institutional arrangements for forest management and property 
regimes clearly matter in the context of rural Nepal. Most broadly, for both Nepal and other developing country 
contexts with agroforestry settings, our results help demonstrate how forest access, and its interaction with forest 
governance, can be capitalized into housing values, a critical component of household wealth. More specifically, 
the results are consistent with the history of national government ownership and management in Nepal allowing 
forests to be degraded as open access resources. Whereas, in contrast, private forests convey a stronger property 
right and incentive to sustainably manage the forest. This improved provision of an ecosystem service is getting 
capitalized into the housing market, as reflected in homeowners’ self-assessed values. Positioned between these 
two institutional alternatives (government versus private), in terms of observed relative values are community 
forests, which are government-owned but locally controlled. And, this local control appears to help reduce the 
degradation from open access. This result is consistent with past evidence from Nepal (Ostrom, 2012) where 
community-managed irrigation systems were found to be better managed and more productive than government 
agency-managed irrigation systems.

Certainly, the results provide a strong measure of support for protecting private property rights to forests (Demsetz, 
1974). However, this is balanced by the limited amounts of currently available private forestland. Given that less 
than 27 percent of the sample households have access to the higher-valued private forests, and the prevalence of 
often poorly managed national forests (essentially treated as open access), there is an argument for protecting and 
promoting greater institutional diversity (Ostrom, 2012). For example, the community-managed, nationally-owned 
lands may offer a viable alternative for many rural households. These community management groups can also 
have positive spillover effects. For example,Nepal et al. (M. Nepal et al., 2007) found that household participation in 
forest-related community groups (or social networks) has positive effects on afforestation rates on private forests. 

With respect to policy relevance, our finding here provide cautious support for two relatively newer government 
initiatives of: (i) transferring a portion of the government-controlled,degraded forests to poor rural households 
for 40-year leases; and (ii) tranferring a highly productive government controlled forest in southern terai to a 
collaborative forest that is now managed by local communities for the purpose of timber production and natural 
regeneration of the forests that promote biodiversity. In case of the leasehold forestry program, individuals can then 
manage these forest patches and use forest products as with a private forest. The lease term can be extended to 
another 40-year term. However, the pace of transferring the degraded government forest to the leasehold forest 
is very slow. By 2014, the share of leasehold forestry was less than 0.5% of the total forest area. The collaborative 
forestry is akin to community forestry with notable differences where the revenue from the productive collaborative 
forest is shared equally between the local community and the government. 

We close with several caveats. First, as noted, there are several limitation with our data. These include: (i) the 
absence of geo-coded data, for fully investigating spatial econometric effects; and (ii) the failure of the survey 
instrument to identify households that used multiple forest sources for firewood. Second, we urge caution in 
interpreting the magnitude of the estimated marginal implicit price, rather than just sign and significance,for the 
change in forest property types. The concern is that the traditional HPM is best applied to examining marginal 
changes in an attribute. While bundles of proximity and forest property type may vary across the landscape, it 
might be argued that alternative institutional arrangements represent a distinctly non-marginal change. Advances 
in the literature have moved towards the use of a variety of discrete choice (RUM-type) and sorting models for 
understanding residential purchasing decisions (Klaiber, & Phaneuf,2010; Kuminoff, Smith, &Timmins,2013). 
Recognizing these limitations and concerns, we leave these questions to future research and hope that this analysis 
spurs further investigation.
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Tables

Table 1: Variable definitions and summary statistics

Variable Definition Mean

2003/04 2010/11

PRICE Household assessment of the value or price (Rs) of housing unit 91,299 161,674

COLLECT-TIME Firewood collection & travel time in hours (two-way) 3.47 3.52

DISTANCE1 1 if travel time is <1 hour, 0 else 0.12 0.18

DISTANCE2 1 if travel time between 1-4 hours, 0 else 0.63 0.50

DISTANCE3 1 if travel time is >4 hours, 0 else 0.25 0.32

WALL-CEMENT 1 if cement walls, 0 else 0.07 0.09

WALL-WOOD 1 if  wooden walls, 0 else 0.15 0.08

PLOTSIZE Size of the plot (sqft) 2084 2956

ROOF-CEMENT 1 if roof is cemented. 0 else 0.03 0.05

ROOF-WOOD 1 if wooden roof, 0 else 0.01 0.05

ROOF-THATCH 1 if thatch roof, 0 else 0.41 0.26

ROOF-TILE 1 if tile roof, 0 else 0.34 0.35

BUILT-BEFORE95 1 if the unit is built before 1995, 0 else 0.66 0.55

FOREST-PRIV 1 if the household (HH) collects firewood from private forests, 0 else 0.27 0.29

FOREST-COMM 1 if HH collects firewood from community forest, 0 else 0.29 0.45

FOREST-GOVT 1 if HH collects firewood from government forest, 0 else 0.33 0.21

FOREST-OTHER 1 if HH collects firewood from ‘other’ forest, 0 else 0.11 0.05

WATER-PIPED 1 if HH has piped water  at the house, 0 else 0.48 0.50

TOTAL-ROOMS Number of rooms 3.53 4.46

TIME-POLICE One-way travel time to the nearest police station from the house (hours) 3.87 1.49

Note: The rural sub-sample has 1,951 households in 2003/04 and 2,677 households in 2010/11 who used firewood as primary source of 

cooking after dropping incomplete and missing information. 
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Table 2: Hedonic pricing models estimates (NLSS 2003/2004)

Variables Model I Model II Model III Model IV

LCOLLECT-TIME -0.037¥    

(0.027)

DISTANCE2 -0.081* -0.025 -0.029

(0.044) (0.048) (0.047)

DISTANCE3 -0.097* -0.009 0.009

(0.051) (0.056) (0.056)

FOREST-COMM -0.100¥ -0.076¥

(0.056) (0.056)

FOREST-GOV -0.221*** -0.227***

(0.061) (0.062)

FOREST-OTHER -0.183*** -0.207***

(0.062) (0.062)

WALL-CEMENT 0.248*** 0.248*** 0.247*** 0.236***

(0.083) (0.082) (0.079) (0.077)

WALL-WOOD -0.266*** -0.267*** -0.261*** -0.237***

(0.079) (0.079) (0.077) (0.076)

LPLOT-SIZE 0.296*** 0.294*** 0.289*** 0.303***

(0.032) (0.032) (0.031) (0.031)

ROOF-CEMENT 0.654*** 0.655*** 0.632*** 0.722***

(0.137) (0.136) (0.135) (0.134)

ROOF-WOOD -0.253 -0.247 -0.254 -0.249

(0.184) (0.184) (0.183) (0.191)

ROOF-THATCH -0.563*** -0.563*** -0.557*** -0.558***

(0.051) (0.051) (0.051) (0.050)

ROOF-TILE -0.036 -0.035 -0.042 -0.055

(0.054) (0.054) (0.053) (0.055)

BUILT-BEFORE95 0.048 0.049 0.031 0.035

(0.037) (0.037) (0.037) (0.036)

WATER-PIPED 0.160*** 0.161*** 0.145*** 0.134***

(0.040) (0.040) (0.039) (0.038)

TOTAL-ROOMS 0.169*** 0.169*** 0.163*** 0.158***

(0.010) (0.010) (0.009) (0.010)

LTIME-POLICE -0.184*** -0.184*** -0.156*** -0.155***

(0.040) (0.040) (0.041) (0.041)

Constant 8.407*** 8.457*** 8.549*** 8.328***

(0.264) (0.262) (0.265) (0.263)

Regional FE Yes Yes Yes -

Sub-regional FE - - - Yes

Observations 1,951 1,951 1,951 1,951

R-squared 0.553 0.554 0.560 0.568

Notes: Regional FE indicates 5 development regions and 3 ecological regions fixed effects while sub-regional FE indicates 15 sub-region fixed 

effects. ¥ indicates one-tailed tests and significant at 10% level.Clustered standard errors in parentheses;* p<0.1, ** p<0.05, *** p<0.01.
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Table 3: Hedonic pricing models estimates (NLSS 2010/2011)

Variables Model I Model II Model III Model IV

LCOLLECT-TIME -0.087**

(0.037)

DISTANCE2 -0.106* -0.058 -0.055

(0.054) (0.059) (0.058)

DISTANCE3 -0.112* -0.053 -0.028

(0.064) (0.069) (0.068)

FOREST-COMM -0.070 -0.073¥

(0.055) (0.056)

FOREST-GOV -0.099* -0.111*

(0.059) (0.060)

FOREST-OTHER -0.225*** -0.240***

(0.085) (0.082)

WALL-CEMENT 0.448*** 0.451*** 0.451*** 0.464***

(0.096) (0.096) (0.095) (0.096)

WALL-WOOD -0.250*** -0.249*** -0.248*** -0.208***

(0.075) (0.076) (0.075) (0.078)

LPLOT-SIZE 0.118*** 0.118*** 0.115*** 0.126***

(0.033) (0.033) (0.033) (0.033)

ROOF-CEMENT 0.627*** 0.630*** 0.631*** 0.488***

(0.132) (0.133) (0.130) (0.134)

ROOF-WOOD -0.594*** -0.602*** -0.591*** -0.601***

(0.142) (0.142) (0.138) (0.139)

ROOF-THATCH -0.547*** -0.546*** -0.535*** -0.551***

(0.059) (0.059) (0.058) (0.056)

ROOF-TILE -0.055 -0.057 -0.050 -0.070

(0.056) (0.056) (0.056) (0.053)

BUILT-BEFORE95 0.001 0.001 0.000 0.000

(0.001) (0.001) (0.001) (0.001)

WATER-PIPED 0.112** 0.113** 0.111** 0.109**

(0.053) (0.053) (0.053) (0.052)

TOTAL-ROOMS 0.144*** 0.145*** 0.143*** 0.141***

(0.014) (0.014) (0.014) (0.014)

LTIME-POLICE -0.176*** -0.175*** -0.172*** -0.182***

(0.027) (0.028) (0.028) (0.027)

Constant 11.284*** 11.309*** 10.647*** 10.868***

(2.351) (2.342) (2.335) (2.306)

Regional FE Yes Yes Yes -

Sub-regional FE - - - Yes

Observations 2,677 2,677 2,677 2,677

R-squared 0.407 0.407 0.408 0.416

Notes: Regional FE indicates 5 development regions and 3 ecological regions fixed effects while sub-regional FE indicates 15 sub-region 

fixed effects. Clustered standard errors in parentheses; * p<0.1, ** p<0.05, *** p<0.01.
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Table 4: Estimated marginal effects of significant characteristics

NLSS 2003/04 Model I Model II Model III Model IV

LCOLLECT-TIME -973

DISTANCE2 -0.08

DISTANCE3 -0.09

FOREST-COMM -0.10 -0.07

FOREST-GOV -0.20 -0.20

FOREST-OTHER -0.17 -0.19

WALL-CEMENT 0.28 0.28 0.28 0.27

WALL-WOOD -0.23 -0.23 -0.23 -0.21

LPLOT-SIZE 12.97 12.88 12.66 13.28

ROOF-CEMENT 0.92 0.93 0.88 1.06

ROOF-THATCH -0.43 -0.43 -0.43 -0.43

WATER-PIPED 0.17 0.17 0.16 0.14

TOTAL-ROOMS 15,430 15,430 14,882 14,425

LTIME-POLICE -4,340 -4,340 -3,679 -3,656

NLSS 2010/11

LCOLLECT-TIME -3,994

DISTANCE2 -0.10

DISTANCE3 -0.11

FOREST-COMM -0.07 -0.07

FOREST-GOV -0.09 -0.11

FOREST-OTHER -0.20 -0.21

WALL-CEMENT 0.57 0.57 0.57 0.59

WALL-WOOD -0.22 -0.22 -0.22 -0.19

LPLOT-SIZE 6.45 6.45 6.29 6.89

ROOF-CEMENT 0.87 0.88 0.88 0.63

ROOF-WOOD -0.45 -0.45 -0.45 -0.45

ROOF-THATCH -0.42 -0.42 -0.41 -0.42

WATER-PIPED 0.12 0.12 0.12 0.12

TOTAL-ROOMS 23,281 23,443 23,119 22,796

LTIME-POLICE -19,153 -19,044 -18,717 -19,806

Notes: For LCOLLECT-TIME, LPLOT-SIZE, TOTAL-ROOMS, and LTIME-POLICE, the marginal effects are in Nepalese Rupees (at 2003/04 price); 

for the rest of the dummy variables, the marginal implicit price are in percentage (need to multiply by 100
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Appendices

Appendix 1: Hedonic pricing model for sub-sample of houses built after 1992

Variables Model I Model II Model III Model IV

LCOLLECT-TIME -0.099**

(0.047)

DISTANCE2 -0.128* -0.060 -0.052

(0.069) (0.072) (0.071)

DISTANCE3 -0.132* -0.055 -0.023

(0.079) (0.084) (0.083)

FOREST-COMM -0.087 -0.080

(0.064) (0.065)

FOREST-GOV -0.150* -0.149*

(0.077) (0.077)

FOREST-OTHER -0.272*** -0.292***

(0.096) (0.095)

WALL-CEMENT 0.448*** 0.450*** 0.449*** 0.462***

(0.099) (0.099) (0.098) (0.097)

WALL-WOOD -0.278*** -0.276*** -0.277*** -0.253***

(0.084) (0.085) (0.084) (0.086)

LPLOT-SIZE 0.118*** 0.119*** 0.114*** 0.131***

(0.043) (0.043) (0.043) (0.044)

ROOF-CEMENT 0.584*** 0.586*** 0.588*** 0.470***

(0.133) (0.134) (0.130) (0.133)

ROOF-WOOD -0.849*** -0.857*** -0.837*** -0.871***

(0.232) (0.232) (0.225) (0.225)

ROOF-THATCH -0.561*** -0.562*** -0.544*** -0.568***

(0.067) (0.068) (0.067) (0.065)

ROOF-TILE -0.079 -0.082 -0.075 -0.108*

(0.061) (0.061) (0.061) (0.059)

WATER-PIPED 0.213*** 0.212*** 0.208*** 0.194***

(0.072) (0.072) (0.073) (0.071)

TOTAL-ROOMS 0.141*** 0.142*** 0.140*** 0.135***

(0.019) (0.019) (0.019) (0.019)

LTIME-POLICE -0.179*** -0.176*** -0.170*** -0.182***

(0.033) (0.033) (0.033) (0.033)

Constant -2.742 -2.854 -3.757 -4.308

(8.486) (8.500) (8.475) (8.263)

Regional FE Yes Yes Yes -

Sub-regional FE - - - Yes

Observations 1,571 1,571 1,571 1,571

R-squared 0.437 0.437 0.439 0.448

Notes: Subsample of NLSS 2010//11 data. Regional FE indicates 5 development regions and 3 ecological regions fixed effects while sub-

regional FE indicates 15 sub-region fixed effects. Clustered standard errors in parenthesis; * p<0.1, ** p<0.05, *** p<0.01.
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Appendix 2: Map of Nepal with five development regions and three ecological belts 

Source: https://www.google.com.np/search?q=development+region+ecological+map+of+nepal&espv=2&biw=1440&bih=799&tbm=isch&

imgil=QRBcFeg9T7G7iM%253A%253BSi44IKlR_E4mEM%253Bhttp%25253A%25252F%25252Fhuebler.blogspot.com%25252F2015_05_01_

archive.html&source=iu&pf=m&fir=QRBcFeg9T7G7iM%253A%252CSi44IKlR_E4mEM%252C_&usg=__SfAcLOG9gDy2646NqAXfGlLznrc%3D&

dpr=1&ved=0ahUKEwjntOmB7_zOAhUFsI8KHe-9DusQyjcILQ&ei=ttPPV-eBGoXgvgTv-7rYDg#imgrc=QRBcFeg9T7G7iM%3A (accessed on July 

17, 2016).
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