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Abstract

This study investigates empirically how natural snow depth and permanent snow affect the number of new second homes in
Norway. One out of four Norwegian municipalities is partly covered by glaciers and permanent snow. In the winter seasons
of 1983-2020, there is a decline in snow depth from 50 to 35 cm on average (based on 41 popular second-home areas in the
mountains). Results of the fixed effects Poisson estimator with spatial elements show that there is a significant and posi-
tive relationship between natural snow depth in the municipality and the number of second homes started. There is also a
significant and negative relationship between the number of new second homes in the municipality and a scarcity of snow
in the surrounding municipalities. However, the magnitude of both effects is small. Estimates also show a strong positive
relationship between the proportion of surface covered by permanent snow or glaciers in the municipality and new second
homes. This implies that a decline in permanent snow and glaciers may make these areas less attractive for the location of

second homes.

Keywords Second homes - Glaciers - Snow depth - Natural amenities - Spatial econometric models - Panel count data

models - Norway

Introduction

In the Nordic countries, the tradition of second homes is
both an important form of domestic tourism and a part of the
cultural heritage (Ellingsen and Hidle 2013; Miiller 2021).
Despite this, these homes are rarely included in analyses of
tourism demand linked to weather and climate variability
(Steiger et al. 2019, Steiger et al. 2022 for literature reviews;
Scott et al. 2020 for the Norwegian alpine ski industry). The
second homes are commonly located in typical areas for
summer or winter recreation, or closer to home as weekend
retreats (Sldtmo and Kristensen 2021). There is an ongoing
discussion about the relationship between tourism demand
and climate, particularly so in relation to winter sports des-
tinations and snow (Steiger et al. 2019, 2022). Recent pro-
jections show that the snow depth in the Northern Hemi-
sphere will decrease by more than 20% in the winter months

Geolocation information: Norway.

M Xiang Lin
xiang.lin@sh.se

University of South-Eastern Norway, Bg, Norway

Soédertorn University, Huddinge, Sweden

towards the end of the century (Zhu et al. 2021). Morin et al.
(2021) predict that the number of days with more than 30 cm
of natural or artificial snow at an altitude of 800 m in the
Norwegian mountains will decrease by 50 to 100 days until
the end of the century.

Regardless of the presumptive importance of natural snow
conditions for the settlement of new second homes, this is a
subject not yet investigated in the literature, although there
are several studies on the relationship between house prices
and snow conditions (Butsic et al. 2011; Galinato and Tanti-
hkarnchana 2018; Gourley 2021). Butsic et al. (2011) use the
hedonic price method to estimate the impact of the percent-
age of precipitation falling as snow over the winter months
on house prices and find a decrease near ski resorts in the
Rocky Mountains with lower snowfall. Another examination
of snowfall and house prices in the United States demon-
strates a positive and significant relationship in the Mid-
west and Northeast regions based on a spatial autoregressive
model (Galinato and Tantihkarnchana 2018). Gourley (2021)
employs the fixed effects model and demonstrates that snow
conditions could affect the attractiveness of a property in
either direction, but there is no significant time delay in the
reaction. The COVID-19 pandemic period exhibits both a
rising demand for second homes and a growing need for or
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interest in research within this field (Alonsopérez et al. 2022;
Zogal et al. 2022). Adie (2020) points out the vulnerability
of second homeowners to natural hazards, which are likely
to increase due to climate change. There is even evidence
that second homes are less prone to climate change-related
risks than other property owners (Rey-Valette et al. 2015).

In this study, the determinants of demand for new “second
homes” between 1983 and 2021 are investigated. A specific
focus is put on the role of snow depth as well as on glaciers
and permanent snow within the area or in its surroundings.
Data employed for the study encompass the number of sec-
ond homes started in 354 municipalities in Norway. A sub-
sample of 41 municipalities with dense clusters of second
homes where information on snow depth is also available
is used for a more in-depth analysis. The conditional fixed
effects Poisson estimator is applied. Official data on snow
depth from the Norwegian centre of Climate Service and
detailed land use characteristics from Statistics Norway are
employed to guarantee consistency in quality and measure-
ment over the period of time studied.

Presently, the construction of between 6000 and 8000 sec-
ond homes starts in Norway every year. This is a substan-
tial development since the early 1980s with the building
of approximately 2000 second homes per year (source:
Statistics Norway). A considerable part of these new prop-
erties is located in the mountains (source: Statistics Nor-
way). However, from the mid-2000s to the mid-2010s, the
growth momentum of second homes in the mountains is
slowing down compared with other areas (Fig. 2, Appen-
dix). The increasing number of winter seasons with a lack
of snow may lie behind this. In Norway, the natural snow
depth decreases from 50 to 35 cm on average during the
winter months in the period 1983-2020 (December to April)
(based on 41 second home areas in the Norwegian moun-
tains; Source: Norwegian centre for Climate Services). An
absence of natural snow could stimulate interest in locations
closer to areas with permanent snow. In Norway, one out of
four municipalities has glaciers or permanent snow in the
vicinity (source: Statistics Norway).

A major contribution of this study is the use of data
on snow depth, permanent snow, glaciers and nature-based
amenities as explanations for the development of new sec-
ond homes. The spatial effects and the characteristics of the
dependent variable as a count are taken into account. An
advantage of the panel data model is that it controls for pre-
sumptive measurement errors that are time-invariant, such
as distances to large agglomeration areas. Several studies
indicate that glaciers are an important attraction factor for
visitors and tourists (Welling et al. 2015; Salim et al. 2022),
something that could influence the choice of location for
new second homes. Yuheng et al. (2022) use a spatial econo-
metric count data model to estimate the determinants of the
number of second homes at the detailed county level. Their
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estimates show a relationship with natural amenities. The
present study extends this line of work with panel data count
models augmented by spatial effects and the inclusion of
snow depth. Information on land use characteristics are also
more detailed than in previous studies (Willibald et al. 2019;
Yuheng et al. 2022).

What is more, the present analysis contributes to the lit-
erature on determinants of second homes based on regional
data (De La Mata and Llano-Verduras 2012; Yuheng et al.
2022). For example, Yuheng et al. (2022) model the determi-
nants of the share of second homes using spatial econometric
models. The results based on 360 counties in Corsica show
that the proportion of second homes depends on the physi-
cal landscape as well as the presence of lakes, a coastline or
mountains 500 m or higher. De la Mata and Llano-Verduras
(2012) study the determinants of second home stays using a
gravity model and find that the number of trips depends on
the distance, the added value of the hotel sector and the GDP
in the regions.

The study is structured as follows: This introduction is
followed by sections on the conceptual background, empiri-
cal approach, data, results and conclusions.

Conceptual background and previous
literature

The concept of domestic tourism is not limited to stays in
hotels or other accommodations but also includes second
homes in a broader sense (Miiller 2002; 2021). Second-home
properties are unevenly distributed geographically and the
change over time in numbers is slow (Back and Marjavaara
2017; Barke 2007; Mowl et al. 2020; Miiller 2021).

The empirical model is based on the theory of demand for
housing or second homes, where the number of these prop-
erties is a function of income and prices as well as a group
of wider factors including destination and landscape attrib-
utes such as the general infrastructure, natural and cultural
resources, recreation and sports facilities as well as acces-
sibility (Mayo 1981; Yuheng et al. 2022). Literature also
demonstrates that the demand for second homes depends
on socio-economic characteristics of the owner (Skak and
Bloze 2017).

Individual or household income is a crucial factor behind
the purchase or building of a second home (Skak and Bloze
2017). Hall and Miiller (2004) argue that buying a second
home could be part of a personal investment strategy, espe-
cially for people with middle or high incomes. The present
study employs aggregate real GDP to control for income. In
addition to income, the affordability of housing is considered
an important factor (Yuheng et al. 2022). In the empirical
part of the study, the affordability of housing is measured by
the construction price index.
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In many areas of Norway, the snow season is long and
winter sports such as cross-country skiing are popular lei-
sure activities that 40% of the population engage in at least
once a year (S@len and Ericson 2013). The role of natural
snow for downhill skiing based on historical data or based
on climate scenarios is well studied (Steiger et al. 2019
for an overview). Research that models the relationship
between winter tourism demand and snow conditions uses
data with different frequencies (at the daily level see Englin
and Moeltner 2004; Parthum and Christensen 2022; at the
monthly or annual data see Prettenthaler et al. 2022), levels
of aggregation (ski resorts, villages and regions) or defi-
nitions of winter tourism demand (skier visits, lift ticket
sales, overnight stays, arrivals).

Natural snow depth is commonly used as an indicator of
snow conditions. Several alternative measures are proposed
in the literature, such as the snow reliability index, defined
as the proportion of the surface of the gravitational enve-
lope with a minimum amount of snow for skiing (Berard-
Chenu et al. 2021). An alternative measure is the number
of days with at least X centimetres of snow on the ground or
the snowmaking potential, that is, the number of hours with
a wet-bulb temperature lower than that required for produc-
ing snow (Abegg et al. 2021). Based on the availability of
data, the average natural snow depth for the winter season
is employed.

For analyses of the impact of climate change on winter
tourism demand in the form of second homes, data over
longer periods of time are required. Martin (2005) points
out that the frequency of data is crucial in estimating the
impact of weather on tourism. Over a longer period of time,
snow conditions tend to have less of an impact on tour-
ism flows, as visitors can change to periods of good snow
conditions (intertemporal substitution). Besides this, there
is also a possibility to relocate to areas nearby with bet-
ter snow conditions (Falk et al. 2022). This implies that
there can be spatial effects of snow conditions in the sur-
rounding area. As opposed to general tourism demand, the
decision to buy or extend a second home involves longer
decision-making, planning and construction processes
and costs, implying that possible relationships may appear
asynchronously.

Studies using annual data for the whole winter sea-
son at the regional or village level show a significant but
not always positive relationship between snow depth and
overnight stays or arrivals (Toglhofer et al. 2011; Damm
et al. 2017; Falk and Lin 2021; Prettenthaler et al. 2022).
However, the relationship is small and decreases over time
(Falk and Lin 2021). Damm et al. (2017) provide esti-
mates on the snow sensitivity of overnight stays in the
winter season based on NUTS3 data from twelve Euro-
pean countries in the period 2005 to 2010. In about half of
the 119 regions, there is a significant positive relationship

between snow conditions and overnight stays. Given
that the demand for second homes is sensitive to several
attributes such as natural resources (Mayo 1981; Yuheng
et al. 2022), natural snow is expected to be one of these
aspects, just like the demand for general tourism to winter
sports regions. These considerations lead to the first set
of hypotheses:

H1a: Municipalities with reliable snow conditions within
the area or close by are more attractive for the establish-
ment of new second homes.

H1b: The relationship between natural snow and the
establishment of new second homes is asynchronous.
Another important factor in the demand for outdoor rec-
reation is the landscape (Hansen 2021; Kienast et al.
2012; Willibald et al. 2019). Willibald et al. (2019)
examine the attractiveness of landscapes for outdoor
recreation, paying particular attention to accessibility,
ruggedness, infrastructure for outdoor activities (hiking,
biking, skiing), streams and rivers, lakes, forests as well
as alternative land use/cover. Other studies that investi-
gate the demand for outdoor recreation show the impor-
tance of natural areas such as national parks (Schigner
et al. 2017) and forests (Agimass et al. 2018). In this
study, seven different characteristics of the landscape
are used of which permanent snow and glaciers are the
determinants in focus.

A related literature investigates the relationship
between second-home property prices and amenities.
For instance, Nilsson (2015) finds that natural ameni-
ties significantly increase second-home prices in rural
areas in Sweden. Demiroglu et al. (2023) show that sec-
ond homes are indeed concentrated to exposed locations
such as mountain, river and coastal regions, which have
a significant potential climate change-related risk due to
an increase in forest fires, floods and decreasing snow
reliability while Naldi et al. (2021) document that natural
amenities are an important location factor for new firms
in Sweden.

The literature on the demand for second homes dem-
onstrates that buyers or builders of these properties
seek a home near nature or in amenity-rich landscapes
such as mountain, coastal, lake and river areas (Miil-
ler 2002; Kaltenborn et al. 2008; Norris and Winston
2009; Yuheng et al. 2022). Marjavaara and Miiller (2007)
suggest that second homes are commonly located near
lakes, coasts and mountains, close to nature with many
outdoor recreational opportunities and amenities or in
remote areas. The location of second homes is likely to
be higher in amenity-rich landscapes in the surrounding
area, suggesting that spatial effects need to be consid-
ered (Yuheng et al. 2022). Thus, the second hypothesis
is formulated:
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H2: Municipalities with natural attractions or recreational
facilities within the area or close by are more attractive
for the establishment of second homes.

Another factor for the location of second homes is the
presence of glaciers or areas with permanent snow.
These are major attractions for visitors and offer oppor-
tunities for skiing, adventure tours, hiking or moun-
taineering (Furunes and Mykletun 2012; Welling et al.
2015; Salim et al. 2022). Several studies find that the
most important motivations of glacier visitors are the
closeness to nature, seeing its beauty and discovering
new things (Welling et al. 2015; Salim et al. 2022).
These factors could also be relevant for the settlement
of new second homes. However, glacier retreats may
lead to a decline in the attractiveness of the area for
visitors (Welling et al. 2015; Salim et al. 2022). The
presence of glaciers is also an indicator of altitude
and snow reliability. It can be assumed that in times
of global warming, these areas are preferred locations
for second home builders as they offer the possibility of
snow-based winter sports activities. Several studies on
downhill ski tourism show that visitors move to other
locations or change kinds of activities in winters with
little snow (Dawson et al. 2011; Cocolas et al. 2016)
and that higher altitude areas benefit from such winters
(Steiger 2011). The same reasoning might be applied
to the demand for second homes, although this change
is expected to take longer time. Willibald et al. (2021)
show that winter sports activities at medium altitudes
are susceptible to climate variability, while winter sports
resorts at low altitudes cannot meet certain thresholds
for snow reliability. In contrast, snow reliability in high-
altitude winter sports resorts is always guaranteed. The
emphasis on high altitudes means that areas with access
to glaciers or permanent snow can offer snow security
and are therefore preferred locations for new second
homes. This leads to the third hypothesis:

H3: Municipalities with permanent snow or a glacier
within the area or close by are attractive for the estab-
lishment of second homes.

Accessibility and geographical distance from the main
residence are also important aspects for the location of
a second home (de la Mata and Llano-Verduras 2012).
However, even if individuals move homes from time to
time, this does not happen each year, implying that the
variable has features that cannot explain the change in
demand for new second homes over time. Another fac-
tor affecting housing construction is legal constraints
such as land availability and policy limitations (permit
fees, restricted density policies, building permits, etc.)
(Yuheng et al. 2022; Stricker 2022). Unfortunately, no
detailed information is available on this over time.
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Empirical model

In the following, it is assumed that the number of sec-
ond homes at the municipality level depends on income,
prices, snow conditions and a set of land use characteristics
(Willibald et al. 2019; Yuheng et al. 2022). Since demand
for second homes is not only influenced by characteris-
tics within the area, but probably also by its broader sur-
roundings, an SLX model is used where the independent
variables are spatially lagged (Elhorst 2014; Yuheng et al.
2022). Time-invariant characteristics such as the presence
of lakes or distance to agglomerations are factors cap-
tured by the municipality fixed effects. Two datasets are
employed: The first is a longer panel that includes informa-
tion on snow depth for a group of municipalities in moun-
tainous areas, the shorter panel dataset relates the number
of second homes started to land use characteristics across
all municipalities.

In the first empirical specification (Eq. 1), the number of
second homes started, Secondhomes, in a given municipal-
ity (i) with i=1,e e o, 41 and year (+=1983,- - -, 2021), is
related to the natural snow depth from December to April
measured as the mean in logarithmic form (InSnowdepth)
and to the spatially weighted versions of snow depth
(W - InSnowdepth). The latter accounts for possible regional
spillover effects or dependencies. In addition, the demand
equation contains the gross domestic product in constant
prices (GDP) and the construction price index (PI) as
income and price variables. Other time-varying factors are
captured by dummy variables for different decades. Thus,
the demand for new second homes is specified as:

3

Secondhomes;, = a; + a;InGDP,_; + ayInPI,_; + Z B;InSnowdepth;,_;
j=1

3
+ 2 7, W - InSnowdepth;,_; + a;d1990_1999 )
Jj=1

+ a,d2000_2009 + a5d2010_2019 + ad2020_2021 + ¢,

where In() denotes the natural logarithm and W is a N*N
spatial weight matrix based on the inversed geographical
distance between the municipalities. This is normalised
by dividing each element with the modulus of the largest
eigenvalue of the matrix (spectral normalisation), € is the
error term and q; represents the municipality fixed effects.
The snow depth variables are lagged up to 3 years to allow
for time-delayed response and measures the average of the
whole winter season (December in year t— 1 to April in year
1), while the number of new second homes refers to the status
at the end of the year ¢. This means that there is a slight time
lag between these two variables already in the contempo-
raneous relationship. Dummy variables, ds, are associated
with a set of time periods.
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In the second specification (Eq. 2), the number of second
homes started is related to land use characteristics and con-
trol variables:

Secondhomes;, = a; + Landuseitzl +W- Landuse,-,zz +arT+&, (2)

where i represents the municipalities with i=1,e e », 354 and
year (t=2013,- - -, 2021). The vector of land use character-
istics Landuse consists of bare rock, gravel and blockfields,
permanent snow and glaciers, recreational facilities, green
areas and sports facilities, forest, inland water and wet-
land, all measured as the proportion of surface to the total
land surface. A similar spatial matrix is used as in Eq. 1,
although in this case together with the land use characteris-
tics (W - Landuse). Time effects, T, are included to capture
macroeconomic movements such as economic growth and
inflation over a short period of time.

The two equations are estimated using the SLX model
in which only local spatial effects are considered. Vega and
Elhorst (2015) point out that the SLX is a good starting point
when there are no clear theoretical guidelines. The number
of second homes started is an integer with a certain propor-
tion of zero values (4% in the long panel dataset and 11%
in the shorter) and a distribution skewed to the right where
the median of the second homes is far smaller than the mean
(long sample 21 to 35 and short sample 9 to 19) (Fig. 5,
Appendix). Therefore, the fixed effects Poisson maximum
likelihood estimator with cluster-adjusted standard errors
at the municipality level is employed. Wooldridge (1999)
suggests that this estimator is more favourable for panel
count data than the fixed effects negative binomial estima-
tor. Parameter estimates and their robust (sandwich) variance
are consistent even if the data are not Poisson-distributed
(Wooldridge 1999; Gourieroux et al. 1984).

It can be assumed that the causality goes from snow to the
demand for new second homes, since temporary or permanent
snow is exogenous in the short and medium term. This is not
always a correct assumption—for the other variables. Velvin et al.
(2013) expect that second-home owners demand a high standard
of infrastructure and various other facilities in the region. This
shows that there is a possible reciprocal relationship between new
second homes and leisure as well as sports facilities. Therefore,
this relationship should be interpreted with caution.

Data

Data for this analysis originates from two main sources:
Statistics Norway provides information on new second
homes started and completed, land use characteristics,
GDP and the construction price index while information
on snow depth is available at the Norwegian Centre for Cli-
mate Services.

The dependent variable “number of second homes
started” can be found in the building statistics at Sta-
tistics Norway (“Byggeareal Fritidsbygninger”, Holiday
or second homes, by region, year and content, number
06952, source: www.ssb.no/en/statbank/table/06952).
“Started” in this context means that the building permit
is obtained and that the actual construction process is
underway (Holst Bloch and Svenkerud 2019). Second
homes started also include extensions and buildings with
more than one dwelling unit are counted as one. From
2010 onwards, there are definitional changes, buildings
with a usable floor space of 16 m? and more are included
instead of the earlier measure of 30 m? (Holst Bloch and
Svenkerud 2019). The second home data refer to the sta-
tus at the end of each year.

Land use characteristics originate from the statistics
“Land use and land cover (kmz), by region, area classifi-
cation, content and year” (number 09594; source https://
www.ssb.no/en/statbank/table/09594). There is informa-
tion on 18 different characteristics for 354 municipalities
(Norway has 357 municipalities, excluding Svalbard and
Jan Mayen and Continental shelf). Orkland and Hamargy
are excluded from the analysis due to a lack of data for
the period 2013 to 2021.

Series of price indexes are based on the construction cost
index for residential buildings (2015 = 100; www.ssb.no/en/
statbank/table/08651) and GDP in constant prices originates
from the national accounts database of Statistics Norway
(constant prices with the base year 2015 https://www.ssb.
no/en/statbank/table/09842/).

The second data source is the Norwegian Centre for Cli-
mate Services (“Meteorologisk institutt—Norsk Klimaser-
vicesenter” https://seklima.met.no). Weather stations selected
for the study have long and consistent time series on the mean
level of snow depth at the monthly level (Table 7, Appendix).
Short gaps are interpolated using the information on neigh-
bouring weather stations. The average monthly snow depth is
calculated in centimetres from December year #— 1 to April
year t. A total of 61 weather stations in mountain destinations
can be assigned to 41 municipalities (Table 6, Appendix).
Municipalities in mountains or winter sports areas with a
minimum number of four new second homes per year during
the time period studied are included in the analysis. These
municipalities host 30% of the second homes in Norway. The
Norwegian adm?2 shapefile is extracted from the GADM data-
base (www.gadm.org), version 2.5, July 2015, and is used for
the creation of the spatial weights.

In Norway, there are approximately 450,000 registered
second homes (Statistics Norway). The number of second
homes is steadily increasing over time (Fig. 2, Appendix).
During the second year of the COVID-19 pandemic (2021),
there is a record number of second homes started (8600).
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Second homes are geographically unevenly distributed
across the country (Fig. 3. Appendix). This can be observed
based on three indicators (second home stocks, second
homes started and second homes completed). Glaciers and
permanent snow can be found in 92 out of 354 municipalities
and are concentrated to the West and the North of Norway
(Fig. 4, Appendix; see also Furunes and Mykletun 2012).
Green spaces, sports facilities and recreational facilities are
less geographically concentrated and are available across all
parts of the country (Fig. 4, Appendix).

Descriptive statistics also show that natural snow depth
decreases from 50 to 35 cm on average during the winters in
the period 1983-2020 (December to April) based on the 41
municipalities in the long panel (Fig. 1 and Table 3, Appen-
dix). Simple fixed effects estimations of snow depth on a
trend indicate that it decreases on average by 0.35 cm per
year, with a t-stat of — 8.3. Forests make up the largest part
of the municipalities with 41.6%, while bare rocks, graves
and boulder fields, wetland and inland waters account for
5.7%, 4.5% and 5.8%, respectively. Other land use features
represent a small proportion (permanent snow and glaciers
at 0.5%, recreational facilities 0.3% as well as green spaces
and sports facilities 0.2%) (Table 4, Appendix).

The proportion of permanent snow and glaciers decreases
over time, while the extent of green space and sports facili-
ties, recreational areas, forests and inland water bodies
surges. Other land features are stable over time (Table 5,
Appendix). When the changes are expressed as proportions,
they are small. The most marked alterations are observed for
permanent snow and glaciers that decrease by almost 0.2
percentage points over the period of time studied (from 2.67

in 2011 to 2.51 in 2021). Calculated as the level of surface
covered by glaciers and permanent snow, the annual decline
is on average 1.9% during the years 2011 to 2021.

Empirical results

Results of the fixed effects Poisson estimator with spatially
weighted variables for the long panel data set reveal that
there is a significant and positive relationship between snow
depth in the previous season and the number of initiated
second homes in the municipality when period effects, GDP
and construction prices are held constant (Table 1, Models
1-4). The snow depth elasticity is 0.058 and significant at
the 5% level. This means that a 50% surge in snow depth the
previous winter season (for instance winter 2018/2019) is
associated with an increase in the number of second homes
started the following year by 2.9% (calculated as 0.058 X 50).

The coefficient of the spatially weighted value of the
natural snow depth is significantly negative at the 1% level,
implying that the number of new second homes increases
in the municipalities when the surroundings experience
one or two consecutive years of decreasing snow cover.
These results imply that neither Hypothesis 1a nor 1b can
be rejected. Economic factors are partially significant. The
GDP elasticity ranges from 2 to 2.8, suggesting that the
number of second homes grows disproportionately with a
rise in income, similar to luxury goods.

Results for the shorter panel data set including land use char-
acteristics show that amenities and natural attractions are an
important aspect of the demand for new second homes (Table 2,

Table 1 Determinants of the

number of second homes

Model 1

Model 2

Model 3

Model 4

started, fixed effects Poisson lag of InGDP 1.999%%* (0.52)
estimations (long panel data lag of InPT 0.442 (0.26)
model)
In(snow depth)
Ist lag 0.058** (0.03)
2nd lag —0.006 (0.03)
3rd lag 0.039 (0.03)
Spatial lag W* In(snow depth)
1st lag
2nd lag
3rd lag
d1990-1999 —0.189 (0.12)
d2000-2009 —0.009 (0.16)
d2010-2019 —0.032(0.18)
d2020-2021 —0.022 (0.10)
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2.365%** (0.55)
0.237 (0.27)

0.153%%%* (0.04)
—0.012 (0.03)
0.032 (0.03)

—0.250%** (0.06)

—0.287** (0.06)
—-0.113 (0.17)
—-0.076 (0.19)
—0.003 (0.09)

2.790%** (0.59)
—-0.070 (0.29)

0.148**%* (0.04)
0.052 (0.04)
0.031 (0.03)

—0.255%** (0.06)
—0.190*** (0.06)

—0.337%%% (0.13)
—0.163 (0.17)
—0.032 (0.19)
0.077 (0.11)

2.799%** (0.59)
—0.077 (0.29)

0.147#%% (0.04)
0.051 (0.04)
0.039 (0.03)

—0.255%*%* (0.06)
—0.189%** (0.06)
—0.019 (0.07)
—0.342%** (0.12)
—0.167 (0.17)
—0.034 (0.19)
0.079 (0.11)

Asterisks *** ** and * denote significance at the 1, 5 and 10% levels. The standard errors are reported
within the parentheses. All estimations are based on robust standard errors and conducted using the Stata
command xtpoisson and the robust option. Spmatrix is used to create the spatial weight matrix and spgen-
erate to generate the spatially lagged variables.

Source: Statistics Norway, Norwegian Centre for Climate Services and own calculations.
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Model 1). Both permanent snow and glaciers as well as wet-
lands are positive and significant at the 5% level. Permanent
snow and glaciers in the surrounding area are significant at the
5% level and remain so when the spatially weighted variables
are added (Table 2, Model 2). The coefficient for the variable
permanent snow and glaciers is 0.156, which means that a
decrease of one percentage point (for instance from 2.5 to 1.5%)
renders a drop in the number of new second homes by 0.2% per
year. Thus, the magnitude of this relationship is small.

Recreational facilities in the surrounding areas as well
as green space and sports facilities nearby are positive and
significant at the five or 1% levels, respectively. Bare rocks,
gravel and boulder fields, areas covered with forests and
inland water within the municipality or in its surroundings
are all not significant. Overall, the significant estimates for
glaciers could mean that the demand for new second homes
is climbing up to higher altitudes, in attempts to adjust to
changed snow conditions. Following these results, it is also
not possible to reject Hypotheses 2 and 3.

Table 2 Determinants of second homes started, fixed effects Poisson
estimations (short panel data model)

(Model 1) (Model 2)

Proportion (per cent)

Bare rock, grave, land block
field

Permanent snow and glaciers

0.081 (0.08)  0.062 (0.08)

0.159%%* (0.08) 0.208** (0.10)

Recreational facilities 0.669 (0.74) 0.374 (0.77)

Green areas and sports facili- ~ —0.338 (0.43) —0.452 (0.46)
ties

Forest 0.004 (0.07) —0.005 (0.06)

Inland waters —0.001 (0.14) 0.010 (0.12)

Wetland 0.079%** (0.04) 0.007 (0.05)

Spatial lag W* proportion (%)

Bare rock, grave, land block —0.630 (0.91)
field

Permanent snow and glaciers —2.706 (2.77)

Recreational facilities 12.589*** (5.71)

Green areas and sports facili- 10.971%* (4.95)

ties

Forest —0.902 (0.65)
Inland waters 0.521 (1.90)
Wetland 0.951 (1.15)
Time dummy variables 2014-2021 2014-2021

Asterisks *** ** and * denote significance at the 1, 5 and 10% levels.
The standard errors are reported within the parentheses. All estimations
are based on robust standard errors and conducted using the Stata com-
mand xtpoisson and the robust option. Spmatrix is used to create the spa-
tial weight matrix and spgenerate to generate the spatially lagged varia-
bles. The proportions of the land use characteristics are multiplied by 100

Source: Statistics Norway, Norwegian Centre for Climate Services
and own calculations

Economic factors at the national level do not play a role in
explaining the regional development of new second homes
and are thus not included in the final specification.

Discussion and conclusions

In this study, the relationship between the number of sec-
ond homes started and the availability of natural snow
nearby or typical land use characteristics in different
municipalities in Norway is investigated. A particular
focus is placed on the role of seasonal and permanent snow.
Two different panel data sets are used for the purpose, one
longer and one shorter, based on official information from
Statistics Norway and the Norwegian Centre for Climate
Services. Fixed effects Poisson estimations with spatially
weighted variables suggest that snow depth in earlier years
is relevant for the settlement of new second homes, but to
a small extent. A higher demand can be observed if there
is a lack of snow in the surrounding municipalities. One
possible explanation for the small magnitude of the rela-
tionship could be that buying or building a second home is
more of a lifestyle decision that goes beyond aspects such
as winters with little snow. A presumptive future develop-
ment is that overall demand for second homes becomes
even more disconnected from snow and climate aspects.
Such an evolution is reinforced by the finding that demand
for new second homes is higher in areas where the sur-
roundings offer green spaces as well as facilities for recrea-
tion and sports. The higher demand for new second homes
in areas with permanent snow and glaciers indicates that
there are still certain groups with a strong focus on snow
supply. This group is expected to adjust to altitudes when
needed and if possible. Higher altitudes are often located in
protected and remote areas with limited carrying capacity
for tourists and buildings.

A few limitations of the study should be noted. Certain
municipalities are not included due to a lack of consistent
snow depth data. There are also no individual characteristics
of the residents available in the dataset at hand. This means,
for instance, that the possible importance for demand of
the distance between primary and second homes cannot be
included in the analyses. Nor can the role of socio-economic
aspects be explored. This may need new surveys and thus is
left to future research.

Additional research ideas encompass a broader set of
weather indicators such as temperatures and a larger set of
countries. Another avenue for future work is to include the
property tax which is related to the market value of the second
home and as such may also be location specific. Future work
may also use other indicators of snow depth, for instance, the
number of days with more than 30 cm or the length of the ski
season. However, this exercise requires new data.
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Appendix

Table 3 Descriptive statistics: long model (data on 41 municipalities
from 1986 to 2021)

Mean Standard Minimum  Maximum

deviation
Number of second 37 44 0 264
homes started
Snow depthincm 41 26 1.2 149.4
In(snow_depth) 3.46 0.80 0.18 5.01

Source: Statistics Norway, the Norwegian Centre for Climate Services
and own calculations

Table 4 Descriptive statistics: short model (data on 354 municipali-
ties from 2013 to 2021)

Mean Standard Minimum Maximum
devia-
tion

Number of second homes 20 30 0.00 258
started

Proportion of total surface (per cent)

Bare rock, grave, land 567 17.93 0.00 40.32
block field

Permanent snow and 0.53 2.018 0.00 20.58
glaciers

Recreational facilities 0.28 0.54 0.00 6.48

Green areas and sports ~ 0.17  0.31 0.00 2.37
facilities

Forest 41.60 23.01 0.00 85.77

Inland waters 5.75 348 0.22 30.06

Wetland 454 422 0.00 31.39

Shares are measured by per cent (proportions multiplied by 100)

Table 5 Descriptive statistics
land use characteristics

Proportion of total surface (per cent) Change in
Year 2011 Year 2021 percentage
points
Land use characteristics
Bare rock, grave, land block field 5.71 5.71 —0.005
Permanent snow and glaciers 0.71 0.66 —0.054
Permanent snow and glaciers (N =94) 2.67 2.51 —-0.163
Green areas and sports facilities 0.16 0.18 0.018
Recreational facilities 0.27 0.28 0.013
Forest 41.49 41.55 0.053
Inland waters 5.73 5.78 0.043
Wetland 4.50 4.50 0.002

Descriptive statistics are based on 354 municipalities. For permanent snow and glaciers, the mean values

for the sub-sample are also shown

Source: Statistics Norway and the Norwegian Centre for Climate Services
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Table 7 List of weather stations
used to calculate snow depth at

the municipality levels

Fig.1 Evolution of snow

depth in selected second home
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Fig.2 Evolution of the number 6000
of second homes started in Nor-
way. Source: Statistics Norway

5000
—Second homes started in 41
wintersport areas
4000
—Second homes started in all
other municipalities
3000
2000
1000
0

1983 1986 ‘7989 1992 1995 1998 2001 2004 2007 2010 2013 2016_ 2019

Fig.3 Spatial distribution of
the number of second homes Stock of second homes in 2020 Second homes started in 2020 Second homes completed in 2020
in Norway. Source: Statistics 7 i

Norway. The Norwegian adm2
shapefile is extracted from the
GADM database (www.gadm.
org), version 2.5, July 2015

Fig.4 Spatial distribution of
selected amenities and land- Permanent snow and giaciers in 2020 Recreational faciites 2020
scape characteristics in Norway. j )
Source: Statistics Norway. The
Norwegian adm?2 shapefile is
extracted from the GADM data-
base (www.gadm.org), version
2.5, July 2015
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Fig.5 Histograms of the num-
ber of second homes started in
Norway. A 41 municipalities
between 1986 and 2021. B 354
municipalities between 2013
and 2021. Source: Statistics
Norway. Building statistics,
www.ssb.no/en/statbank/table/
06952
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