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Abstract

Historically the price of a forest estate has, at least in Sweden, been closely related to the financial
return from the estate, but this connection no longer seems to be that strong, other factors that
previously had limited influence on prices now add to the price. Factors like site productivity and
age distribution affect the financial return of a forest estate but is it obvious that these factors still
influence prices as they once did? Over the last 20 years, the price of forest estates has increased
dramatically. If development of prices has led to a weakened connection between return and price,
could this be explained by the fact that previously price affecting factors have less weight when
valuing forest estates? The purpose of the study was therefore to investigate how a number of fac-
tors influence the forest estate price; including site productivity and age distribution. The results
shows that neither site productivity, nor age distribution have a significant impact on the forest
estate price. What mainly influence the prices seems to be the standing forest volume on the estate
and region. The development of the prices seems not only to have influenced the relationship be-
tween the return from the forest and the prices, but also minimized the influence of factors like
age distribution and site productivity. This means that estates that are bought within the same re-
gion, at the same price per cubic meter, can have considerably different potential to gain financial
return.
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Bidding, Faustman, Forest Estate, Market Value, Net Present Value, Standing Volume, Value,
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1. Introduction

During the 2000s, the price of the Swedish forest estates more than doubled (LRF Konsult). Prices have risen at

“Corresponding author.

How to cite this paper: Carlsson, S., Lonnstedt, L., & Sundelin, T. (2014). Factors Affecting Swedish Forest Property Prices.
Open Journal of Forestry, 4, 363-378. http://dx.doi.org/10.4236/0if.2014.44042



http://www.scirp.org/journal/ojf
http://dx.doi.org/10.4236/ojf.2014.44042
http://dx.doi.org/10.4236/ojf.2014.44042
http://www.scirp.org/
mailto:sofia.carlsson@holmenskog.com
mailto:Lars.Lonnstedt@slu.se
mailto:sundelin@slump.se
http://creativecommons.org/licenses/by/4.0/

S. Carlsson et al.

a rate that is not consistent with the development of neither wood prices nor site quality (Skogsstatistisk arshok,
2013). The relationship between property prices on one side and wood prices and financial return on the other
hand have thereby weakened (Figure 1).

Factors such as site quality and age affect a forest estate returns. They are key variables in a net present value
calculation and considered in forest valuation models such “Site Index method” (Lantmateriet). A stand’s land
value is defined as the maximum return year zero. The calculation is done using Faustman’s formula (Faust-
mann, 1849) and the result estimates the value of future timber production when costs and benefits are dis-
counted to the year when the ground is bare. Faustman’s formula assumes the selected management program
will be repeated infinitely many times, and hence the calculation estimates the sum of all future revenues and
expenses. Land value and value of bare forest land are two synonymous terms. Land value is here referred as Bu,
where u corresponds to the rotation time. Faustman’s formula is as follows:

4, Revenue, . — Expenses (1+interest rate)u

B = time time

"3 (L+interest rate)™

(1+interest rate)’ —1

Variables including time, income, expenses and cost of capital determine the value of bare land. The variable
time is dependent on site quality, which determines how far into the future various revenues and expenses will
be respectively acquired and incurred. The cost of capital, in this context, is the cost of all funds required for sil-
vicultural activities, and thus reflects the required returns on investment in a forest property, which may (for
example) correspond to the interest or other monetary benefits that could be obtained from alternative invest-
ments or deposits. The property's other values, hunting rights for example, are not considered. It should be noted
that there are substantial uncertainties, due to the difficulty of estimating future revenues and expenses.

The price paid for a forest estate is a product of several factors. One important factor is the buyer’s valuation
of the benefits (monetary and non-monetary) that the property will provide. Monetary benefits are those that can
generate or be easily converted into cash, such as felling the trees, while non-monetary benefits have no readily
calculable cash value, such as being able to walk freely in one’s own forest. The values of both monetary and
non-monetary utilities may vary substantially amongst buyers, due to differences in their perceptions of the
monetary benefits of a property, weightings of the variables influencing those benefits, personal preferences and
motivations (Lindeborg, 1986).

According to Thaler (1988), all bidders in an auction run the risk of a “winner’s curse”, i.e. making a bad deal,
because the one with the most optimistic view of an offered investment opportunity is most likely to overesti-
mate its true value, and win (if she or he has sufficient funds). A bid that has been underpinned by valid rational
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Figure 1. Changes (%) in mean prices per unit standing volume of Swe-
dish forests (SEK/m?®sk), prices for pine and spruce timber (SEK/mfub)
and prices for pine and spruce pulpwood (SEK/m3fub). Reference year
2000 (LRF Konsult) SEK, Sk and fub are abbreviations of Swedish kronor,
standing volume, roundwood excluding bark and lumber recovery factor,

respectively.
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(monetary) calculations will always be lower than one based on an overestimation of the values. Thus, there is
always a risk of winner’s curse if bidders act irrationally, and the more interested buyers there are, the greater
the risk of bids based on overestimated values.

Roos (1996) notes in a study based on 143 sales completed in 1992 that: “Forestry-related factors are of pa-
ramount importance when the price of forest land is determined. The price paid for standing volume and site
quality corresponds well with the expected effect that these parameters have on the present value of future forest
management. The hedonic price function can be a useful tool for examining the market for woodland and prices
of forest properties.” The cited author found that the price per hectare of a forest estate was positively correlated
with the share of productive forest area of the total area, the standing volume, productivity, and population den-
sity in relation to forest cover in the area, but negatively correlated with the estate’s total area. However, several
other authors have also explored effects of various factors using hedonic price models (Turner et al., 1991; Scar-
pa et al., 2000; Kennedy, 2002; Snyder et al., 2007) and the results have not been entirely consistent. In accor-
dance with Roos (1996), some have found a negative correlation between the size and price per hectare of forest
estates (for example Kennedy, 2002), but Turner et al. (1991) found no correlation between these variables.
Kennedy (2002) also found support for Roos’ conclusion that prices are correlated with site productivity. In ad-
dition, there are reported indications that prices are significantly negatively affected by taxes and positively re-
lated to both proximity to facilities such as ski resorts (Turner et al., 1991) and the land’s general recreational
value (Snyder et al., 2007). Proximity to urban areas also has a positive impact on the total price, according to
Snyder et al. (2007) but a negative impact on prices per hectare according to Kennedy (2002).

Estimated supply and demand functions had also been included in some analyses, notably by Aronsson and
Carlén (1997), who detected positive correlations between price and both standing volume and average site
productivity, as well as a negative correlation between estate size and price per hectare, in accordance with one
or both of Roos (1996) and Kennedy (2002). Their modeling also suggested that the income of the seller and
purchaser had positive and negative effects on the price, respectively.

Since the study by Roos, conditions in the Swedish property market have changed for various reasons, in-
cluding amendments to the Land Acquisition Act in 1991. The former purposes of the legislation were to protect
family farms, safeguard employment opportunities in rural areas and limit juridical persons’ opportunities to ac-
quire land (Sveriges riksdag, 1990). Among other measures, the amendments introduced so-called “price tests”
designed to ensure that prices in real estate transactions did not exceed the land’s long-term returns (Lantmate-
riet och Maklarsamfundet, 2010). The law was intended to simplify and streamline the market, establishing in
practice a free market in agricultural and forest land. In addition, the changes allowed people to acquire such
land who had been previously excluded (Sveriges riksdag, 1990). Since the amendments the market has evolved
in many respects, not least in prices. In real terms, the average price of forest estates, per cubic meter of standing
volume, doubled between 2001 and 2011. However, it should be noted that mean prices of forest land in these
terms was substantially higher in southern Sweden than in northern Sweden during this period.

In summary, the changes in property prices have clearly weakened the link between yield and price, which
raises a number of questions regarding whether there have been shifts in buyers’ views of factors influencing
Swedish forest estate values, particularly site quality. Thus, the purpose of this article is to examine effects of
potentially significant factors on their prices, including (inter alia) site quality, the volume of standing timber on
the property, the number of stands on the property, stand ages, forest land area and region (using the five regions
defined and applied by LRF Konsult. Figure 1 shows the location of the five regions. Region | consists of East-
ern Gotaland and Svealand, Region Il of Western Gotaland and Svealand, Region I11 of Western Svealand and
Southern Norrland, Region IV of the eastern part of Northern Norrland and Region V of Western Norrland
(Figure 2).

Most of the formatting specifications needed for preparing electronic versions of their papers. All standard
paper components have been specified for three reasons: 1) ease of use when formatting individual papers, 2)
automatic compliance to electronic requirements that facilitate the concurrent or later production of electronic
products, and 3) conformity of style throughout a journal paper. Margins, column widths, line spacing, and type
styles are built-in; examples of the type styles are provided throughout this document and are identified in italic
type, within parentheses, following the example. Some components, such as multi-leveled equations, graphics,
and tables are not prescribed, although the various table text styles are provided. The formatter will need to
create these components, incorporating the applicable criteria that follow.
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Figure 2. Five different regions in Sweden used in the analysis (LRF Konsult).

2. Material and Method

The dataset the study is based upon includes data for 395 properties with tax assessment values based solely or
only partly on forest land, referred to hereafter as forest estates and combined estates, respectively. The data
were drawn from a database compiled in efforts to develop a new tool for econometric assessments of Swedish
forestry, from information on forest properties posted for sale through brokers since 2010, supplemented with
sale prices from the Swedish National Land Survey. The material considered here includes only properties that
were sold through brokers up until March 2012. Properties that were transferred via property border adjustments
are not considered. The data for solely forest estates, combined estates and all estates were separately analyzed.
The analysis based on all estates was expected to have low reliability, because variation in the other values of
combined estates would confound interpretation of effects of considered factors on the price of the forest land.
However, this analysis was included because increasing the number of analyzed estates could potentially help to
explain changes in forest estates’ prices.

The variables included in the dataset are listed and briefly described in Table 1. The variable “Age classes”
listed in the table is a numerical value, calculated from area-weighted percentages of forests assigned to different
age classes on the estates. The original data retrieved from the database were supplemented with a number of
calculated variables (Table 2). The relationships between the price and all the studied variables are assumed to
be linear.

Data were processed using Excel and Minitab software. The original dataset was transferred into two Excel
spreadsheets, one with information on area per age group and one with all data excluding area per age class. The
data were subsequently summarized in a single Excel sheet, values of defined variables were calculated and the
dataset was transferred to Minitab for non-response analysis, and the identification of duplicates and outliers
(which were removed), followed by calculation of summary statistics and stepwise regression analyses, using
the remaining data, of the independent variables’ effects on the listed property prices. As mentioned the rela-
tionships between these variables were assumed to be linear and thus were modelled using the following equa-
tion:

y=a+pIxl+---+ pnxn+¢

where o = the input value;

S1 = constant of the first included variable;
x1= value of the first included variable;

n = constant of variable n;

xn = value of variable n;

& = normally distributed random variable.

In the stepwise regression analysis variables were successively added to the model, and those that had no sig-
nificant impact (p < 0.10) on the price were eliminated. A dummy variable was used for regions.

The goal of the statistical analysis was to identify variables that influenced the price of productive forest land
in Sweden during the study period. Thus, properties with prices that were strongly influenced by other factors
(e.g. properties classified as woodland, but used for industrial purposes) had to be excluded before the analysis.
Such properties were identified as outliers in scatter plots (Andersson et al., 2007) of price per hectare versus
forest volume per hectare, assuming that values of properties with significantly deviating prices probably included
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Table 1. Variables in the dataset.

Variable Description

County Numerically designated

Municipality Numerically designated

Parish Numerically designated

Act Estate identification number. Numerically designated
No. stands Number of stands on the property

Ave. yield Average site quality for the estate, msk/ha/year
Sales pr. Sale price of the estate, SEK

S:m oth (land, buildings) Ratable value for other land than forest land and buildings, SEK
S:m oth (excl. Land, buildings) Ratable value excluding land and buildings, SEK
Bare land Bare land, hectare

Waste land Waste land, hectare

Field area Field area, hectare

Prod. area Productive forest land, hectare

Purchase date Purchase date of the estate

Standing volume Total standing volume on the estate, m®sk

Age classes Age classes identified through a number, 1 - 15

Age area Forest area belonging to a given age class

Table 2. Explanation of calculated variables.

Variable Calculation
Total forest Purchase price minus value of other land and buildings
SEK/m?® Total forest value/standing volume
SEK/ha Total forest value/productive area
m*/ha Standing volume/productive area
>20 year Total area in age classes > 20 years/productive area
>40 year Total area in age classes > 40 years/productive area
>60 year Total area in age classes > 60 years/productive area
Reg Region according to LRF Konsult’s classification

Ratio of ratable value of “other land” and buildings (s:m oth) to

uota remaining area -
Q g purchase price

values of other, non-forest assets. Similarly, values of properties with prices significantly deviating from those
of other properties in the same region probably included values of other assets. These properties were examined
more closely. This resulted in the exclusion of four properties due to duplication, strong influences of other land
uses or incorrect specifications of value. The calculated price per hectare of forest land for some combined
agricultural estates was negative, illustrating the importance of excluding such properties. In several cases the
tax assessment value of buildings and other land exceeded the sales price for the entire property. To minimize
the impact of strongly deviant values the dataset was cleared as follows.
For all properties in the dataset the following ratio was calculated:

Other values (land, buidlings)

Proportional value of other assets = -
Sales price

All properties for which this ratio exceeded 0.5, i.e. all those for which the value of other assets accounted for
at least half of the sale price, were eliminated, thus clearing the material of negative forest prices and increasing
the likelihood that the remaining properties had been largely valued according to their forest resources. All
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purely forest properties in the material were retained following this procedure. In total seven properties were ex-
cluded, three due to negative forest prices and four due to duplication. In the analysis of forest estates 170 prop-
erties were included, and in the analysis of all estates 352 properties were included.

3. Results

3.1. Forest Estates

Means and standard deviations, together with minimum, median and maximum values for each of the considered
variables of forest estates are shown in Table 3.

Table 3. Summary statistics for forest estates.

Variable Region Number Average Standard Dev. Minimum Median Maximum
SEK/ha 1 27 83,905 35,252 38,035 75,616 159,091
2 7 90,182 28,799 51,316 87,755 128,185
3 74 47,592 24,924 15,000 41,863 144,444
4 42 31,532 16,302 7288 28,783 82,083
5 20 27,468 19,345 9096 23,580 99,315
All 170 48,778 31,495 7288 41,386 159,091
Ave yield 1 27 7.115 1.525 3.900 7.400 9.600
2 7 6.771 1.083 5.300 6.700 8.300
3 74 5.424 1.210 2.600 5.300 8.100
4 42 3.736 0.763 2.600 3.650 5.500
5 20 3.365 0.813 2.400 3.200 4.800
All 170 5.089 1.696 2.400 5.000 9.600
m/ha 1 27 130.06 39.19 58.67 130.59 197.03
2 7 142.7 29.0 84.1 148.3 173.8
3 74 115.52 50.26 17.01 111.37 234.05
4 42 93.15 41.73 4.95 88.62 187.57
5 20 79.30 36.79 25.49 75.40 199.45
All 170 109.16 47.28 4.95 105.96 234.05
% >20 year 1 27 0.6905 0.1900 0.2919 0.7347 1.0000
2 7 0.7718 0.2080 0.3158 0.8545 0.9010
3 74 0.7439 0.2238 0.0000 0.7793 1.0000
4 42 0.7216 0.2323 0.0000 0.7541 1.0000
5 20 0.6755 0.2597 0.0424 0.7100 1.000
All 170 0.7230 0.2239 0.0000 0.7542 1.0000
% >40 year 1 27 0.4707 0.1616 0.1886 0.4789 0.7778
2 7 0.5558 0.1854 0.3158 0.5050 0.8471
3 74 0.4715 0.2663 0.0000 0.4234 1.0000
4 42 0.5859 0.2364 0.0000 0.6248 1.0000
5 20 0.5064 0.2856 0.0424 0.4887 1.0000
All 170 0.5072 0.2470 0.0000 0.5101 1.0000
% >60 year 1 27 0.3337 0.1515 0.1159 0.3007 0.7778
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Continued
2 7 0.315 0.279 0.000 0.273 0.799
3 74 0.2677 0.2540 0.0000 0.1994 1.0000
4 42 0.4615 0.2503 0.0000 0.4846 1.0000
5 20 0.3733 0.2719 0.0000 0.2803 0.9726
All 170 0.3404 0.2526 0.0000 0.2850 1.0000
No. stands 1 27 1.259 0.594 1.000 1.000 3.000
2 7 1.0000 0.000000 1.0000 1.0000 1.0000
3 74 1.757 1.225 1.000 1.000 7.000
4 42 1.786 1.071 1.000 1.000 5.000
5 20 1.800 1.056 1.000 1.500 5.000
All 170 1.6588 1.0775 1.0000 1.0000 7.0000
Prod. area 1 27 49.10 42.05 6.30 34.80 165.90
2 7 46.0 29.2 7.6 48.1 98.0
3 74 33.24 29.47 2.70 24.70 136.90
4 42 52.14 40.26 7.20 46.80 224.60
5 20 69.6 57.2 6.0 48.6 186.90
All 170 45.23 39.82 2.70 34.70 224.60

The results show that the number of properties sold was highest in Region 111 and few were sold in Region I1.
The averages of the variables vary between the regions, but the differences between the mean values of all va-
riables between Regions | and Il are very small. Thus, data for Regions I and 11 were combined in the regression
analysis, i.e. dummy variables were created for Regions Ill, IV and V.

Ten input variables were used in the stepwise regression. Variables for age classes showed no relation with
price, and thus were not included in any of the models. Average site quality class was significantly correlated
with price in Models 2 to 5, but was excluded as an explanatory variable when the Region variables were used in
the analysis. The model with the highest explanatory value and the highest number of explanatory variables at
the highest level of significance included six variables. The results of the stepwise regression are summarized in
Table 4.

The results indicate that prices are strongly and positively correlated with volume per hectare (p < 0.01 in all
models), but negatively correlated with numbers of stands on a property and forest area. However, average site
quality class was excluded when regional variables were added to the models, presumably partly because estates
located in the same region have several similar attributes, including production capacity. Furthermore, no effect
of site quality was detected, indicating that buyers did not take into account variations in site quality within re-
gions. Proportional areas of stands exceeding defined ages also had no significant effects on prices, indicating
that similar forest volumes in different age classes are given similar values (thus, age class variables were ex-
cluded from all models). Nevertheless, mature forests typically have larger standing volumes per hectare than
younger forest, so the age distribution had indirect effects on prices through the increases per unit volume. Thus,
if mature volumes had been given higher values than non-harvestable volumes, it is likely that the age class va-
riables would have shown significant correlations with price.

As shown in Table 5, many of the variables were significantly correlated, notably average site quality class
was correlated with standing volume per hectare, the proportions of forest area over 40 and 60 years old, and re-
gions (p < 0.05 in each case). The correlations between average site quality class and both volume per hectare
and region are consistent with expectations as fertile sites and southern sites are generally more productive than
infertile and northern sites, respectively (The Swedish National Forest Inventory). A less significant correlation
(p < 0.1) between average site quality class and productive area was also detected, partly because of variations
in properties’ average sizes amongst regions (which are highest in Region V and lowest in Region Il1).
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Table 4. Results of stepwise regression analyses of the influence of indicated variables on prices of forest estates. Reg I,
Reg IV and Reg 5 are dummy variables for the influence of the data for these regions.

Model 1 2 & 4 5 6 7 8
o —2101 —23,940 —13,848 —13,454 —1996 29,739 39,708 44,724
mé/ha 466 375 368 374 376 363 372 366
p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ave. yield 6239 5981 6421 5108 1596
p-value 0.000 0.000 0.000 0.000 0.207
No. stands —4781 —4326 —3992 -3278 -3218 —2848
p-value 0.001 0.002 0.004 0.013 0.015 0.029
Reg 111 —9375 —14,575 —26,990 —29,452 —31,231
p-value 0.003 0.000 0.000 0.000 0.000
Reg IV —13,476 -32,137 —37,094 -37,178
p-value 0.002 0.000 0.000 0.000
Reg V —30,535 —35,959 —34,434
p-value 0.000 0.000 0.000
Prodarea -97
p-value 0.008
R? (adj) 48.65 57.89 60.31 62.22 64.11 67.81 67.69 68.88

Table 5. Correlation matrix for forest estates.

Ave. yield m*/ha % >20 year % >40 year % >60 year  Reg Ill lelg Reg V st’:r?ds
SN
-
0137 059% 0.662
0,
%> 40 year 0.076 0.000 0.000
0274 0499 0.400 0.683
0,
%> 60 year 0.000 0.000 0.000 0.000
rea i 0.174 0.118 0.082 0127 ~0.254
9 0.023 0.124 0.287 0.098 0.001
Re IV 0458 0195 0.004 0.183 0275  —0503
9 0.000 0.011 0.963 0.017 0.000 0.000
rea v 0372 0231 ~0.078 ~0.001 0048 0321 —0.209
9 0.000 0.002 0.314 0.987 0.537 0000  0.006
No. stands 0114 —0.106 ~0.009 ~0.004 0.028 0080 0068 0048
: 0.139 0.169 0.911 0.958 0.716 0300 0381 0534
orod. area 0150  —0.136 0.039 0125 0024  -0265 0100 0224  0.098
: 0.051 0.077 0.612 0.105 0.759 0000 0196 0003 0204

Note: Explanation: correlation; p-value.

3.2. All Estates

Means, standard deviations as well as minimum, median and maximum values for each of the variables of all
estates are shown in Table 6.

The results show that the highest numbers of properties were sold in Region I11 and the lowest in Region |1, as
found in the previous analysis. The regional patterns of average values of the variables were also very similar.
Inter alia, differences between mean values for Regions 1 and 2 were still very small so dummy variables were

created for Regions | + 11, 111, IV and V.
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Table 6. Summary statistics for the total material.

Variable
SEK/ha

Ave. yield

m®/ha

% >20 year

% >40 year

% >60 year

No. stands

Prod. areal

Region

Number

93
20
103
87
49
352
93
20
103
87
49
352
93
20
103
87
49
352
93
20
103
87
49
352
93
20
103
87
49
352
93
20
103
87
49
352
93
20
103
87
49
352
93
20
103
87
49
352

Average
84,292
86,834
49,516
34,114
29,629
54,249

7.340
6.870
5.426
3.9575
3.478
5.3795
138.58
140.89
116.43
98.98
83.95
114.84
0.7388
0.7586
0.7569
0.7346
0.7374
0.7440
0.5270
0.5400
0.4770
0.5670
0.5484
0.5260
0.3499
0.3539
0.2691
0.4228
0.4076
0.3525
1.4731
1.550
1.816
2.195
2.000
1.8295
44.53
50.8
33.67
52.94
66.66
46.87

Standard Deviation
37,021
43,435
28,921
20,072
18,398
36,616
1.416
0.907
1.215
0.7653
0.727
1.8349
42.97
40.32
49.85
43.44
40.51
48.63
0.1659
0.1625
0.2069
0.2183
0.2218
0.1990
0.1800
0.1823
0.2494
0.2148
0.2548
0.2230
0.1912
0.2430
0.2398
0.2236
0.2525
0.2327
0.8672
1.050
1.243
1.690
1.099
1.2830
43.79

48.4
30.96
46.04
57.87
44.75

Minimum
23,208
22,165
15,000

7288
9096
7288
3.900
5.300
2.600
2.6000
2.400
2.4000
37.76
79.52
17.01
4.95
18.82
4.95
0.2919
0.3158
0.0000
0.0000
0.0424
0.0000
0.1000
0.2390
0.0000
0.0000
0.0424
0.0000
0.0194
0.0000
0.0000
0.0000
0.0000
0.0000
1.0000
1.000
1.000
1.000
1.000
1.0000
6.30
7.6
2.70
4.20
2.50
2.50

Median
77,161
81,819
42,512
29,590
24,273
45,340
7.400
6.850
5.300
3.9000
3.500
5.1000
130.59
136.03
110.26
93.92
77.65
110.28
0.7541
0.7782
0.8072
0.7772
0.7467
0.7712
0.5155
0.5267
0.4490
0.5745
0.5586
0.5334
0.3094
0.3276
0.2229
0.4218
0.3622
0.3188
1.0000
1.000
1.000
2.000
2.000
1.0000
33.60
31.4
22.90
41.50
48.20
33.45

Maximum
219,928
208,704
207,978
139,246

99,315
219,928
10.600
8.700
8.600
5.7000
5.100
10.6000
266.39
248.18
266.50
226.74
199.45
266.50
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.9550
0.9091
1.0000
1.0000
1.0000
1.0000
0.9028
0.7994
1.0000
1.0000
0.9787
1.0000
6.0000
5.000
7.000
11.000
5.000
11.0000
298.30
209.90
147.20
236.60
291.70
298.30
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The properties that were added to this analysis of the whole material, i.e. properties whose total market value
reflects values of other assets in addition to woodland were also analyzed separately (Table 7).

Table 7. Summary statistics for combined estates.

Variable Region Number Averge Standard Deviation Minimum Median Maximum
kr/ha 1 65 82,514 34,841 23,208 77,161 219,928
2 13 85,031 50,620 22,165 63,812 208,704
3 29 54,425 37,317 16,266 46,867 207,978
4 45 36,524 22,967 9238 30,099 139,246
5 29 31,119 17,908 9493 24,421 66,401
All 181 58,526 38,745 9238 52,977 219,928
Ave. yield 1 65 7.445 1.378 4.000 7.400 10.600
2 13 6.923 0.841 5.800 7.000 8.700
3 29 5431 1.250 2.900 5.200 8.600
4 45 4.164 0.715 2.600 4.100 5.700
5 29 3.555 0.666 2.600 3.500 5.100
All 181 5.646 1.925 2.600 5.400 10.600
m?ha 1 65 142.73 44.24 37.76 130.77 266.39
2 13 139.9 46.4 79.5 126.6 248.20
3 29 118.74 49.58 46.63 110.26 266.50
4 45 104.42 44.75 40.40 95.01 226.74
5 29 87.16 43.22 18.82 77.65 199.39
All 181 120.26 49,51 18.82 113.94 266.50
% >20 year 1 65 0.7581 0.1532 0.4636 0.7681 1.0000
2 13 0.7516 0.1416 0.5022 0.7654 1.0000
3 29 0.7900 0.1545 0.4743 0.8111 1.0000
4 45 0.7467 0.2062 0.1970 0.7791 1.0000
5 29 0.7800 0.1843 0.3348 0.8117 1.0000
All 181 0.7635 0.1712 0.1970 0.7875 1.0000
% >40 year 1 65 0.5489 0.1843 0.1000 0.5418 0.9550
2 13 0.5315 0.1877 0.2390 0.5484 0.9091
3 29 0.4910 0.2032 0.0323 0.5029 0.7854
4 45 0.5494 0.1936 0.0606 0.5415 0.9855
5 29 0.5774 0.2320 0.1255 0.5766 1.0000
All 181 0.5431 0.1976 0.0323 0.5458 1.0000
% >60 year 1 65 0.3590 0.2064 0.0194 0.3125 0.9028
2 13 0.3747 0.2305 0.0000 0.3786 0.7159
3 29 0.2728 0.2029 0.0000 0.2333 0.6758
4 45 0.3868 0.1913 0.0000 0.8810 0.3687
5 29 0.4313 0.2403 0.0631 0.3858 0.9787
All 181 0.3648 0.2127 0.0000 0.3514 0.9787
No. stands 1 65 1.569 0.951 1.000 1.000 6.000
2 13 1.846 1.214 1.000 1.000 5.000
3 29 1.966 1.295 1.000 1.000 5.000
4 45 2.578 2.050 1.000 2.000 11.000
5 29 2.138 1.125 1.000 2.000 4.000
All 181 1.994 1.436 1.000 1.000 11.000
Prod. area 1 65 43.13 44.85 6.90 31.20 298.30
2 13 53.4 57.1 8.8 28.1 209.90
3 29 34.76 35.00 5.30 20.00 147.20
4 45 53.69 51.29 4.20 38.00 236.60
5 29 64.6 59.3 25 46.6 291.70
All 181 48.59 49.03 2.50 32.30 298.30
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The results show that the properties added for the analysis of all the material had an average price of just un-
der 10,000 SEK more per hectare, and slightly higher average site quality class and standing volume per hectare
than purely forest properties. These findings are consistent with expectations because there was a significantly
higher proportion of such properties than forest estates in the southern regions.

As in the previous analysis, 10 input variables were included in the stepwise regression analysis of this dataset,
results of which are summarized in Table 8.

Model 7 showed a marginally significant positive correlation (p < 0.1) between prices and the areal proportion
of forest more than 40 years old (in contrast to the absence of age-price correlations detected in the previous
analysis), but the other age-related variables were not significantly correlated with prices. The model with the
highest coefficient of determination, number of explanatory variables and significance level included five va-
riables. The results differ somewhat from those of the previous analysis as average site quality class had a sig-
nificant impact on the market price even when regions were added to the model in step 7.

Correlations between the variables are shown in Table 9.

As in the previous analysis, significant correlations between several variables were detected, including p <
0.01 correlations for average site quality class with standing volume per hectare, the proportion of forest over 60
years old, region, the number of stands and production area. The correlations of average site quality class with
standing volume per hectare, region and production area are consistent with expectations, for reasons that have
already been stated. The correlation between age and average site quality class could be due to the negative as-
sociation between site quality class and rotation time, as properties with low site quality are likely to have older
than average forests. Two main contributors to the regional correlations are the variations in average property
size (highest in Region V and lowest in Region I11) and deviations in site quality class from mean values in Re-
gion I11.

3.3. Summary of the Regression Analyses’ Results

According to both analyses the market prices of the estates per hectare were strongly correlated with standing
volume per hectare, with region significantly but less strongly, and marginally significantly with their forest area.
In the analysis of purely forest properties a weak but significant correlation with the number of stands was also
detected. However, no significant correlation was detected between price and either site quality class or areal
proportions of the forest exceeding defined ages in the analysis of purely forest properties, although weak corre-
lations (p < 0.10) were found between price and both average site quality class and share of forest over 40 years
old in the analysis of all properties. The only variables that contributed to explanation of the prices for all prop-
erties at 95% or 99% significance levels were standing volume per hectare, region and production area. The
model had less explanatory power than the model generated from analysis of the forest estates, thus addition of
data for the combined estates did not enhance the reliability of the analysis.

The results indicate that standing volume was the most important determinant of the price of Swedish forest
land during the study period, but region also had a significant influence (which was not solely related to varia-
tions in site quality class between regions). The results also indicate that the number of stands and production
area were probably related to the price, but not the maturity of the forest (or, more specifically, areal proportions
of the forest exceeding given ages).

4. Discussion

The results of our analyses indicate that the price of forest land in Sweden during the study period, which is very
close to current, was largely determined by two variables: the volume of standing timber per hectare, and the
geographic region of the property. Neither site quality class nor age distribution of the forest seemed to signifi-
cantly affect market prices, in contrast to findings of several previous analyses (Roos, 1996; Kennedy, 2002;
Aronsson & Carlén, 1997). This poses several questions regarding apparent shifts in importance of the consi-
dered factors, the degree to which the discrepancy can be explained by differences between monetary and non-
monetary values, and the relationship of the results (if any) to winner’s curse theory.

It should be noted that the grouping of estates in the same geographic regions will also have resulted, to some
extent, in grouping of properties with other similarities, including similarities in returns from forestry and (to
some extent) demographic and infrastructural properties of their locations. The regional affiliation contributes to
the explanation of the property prices, which generally increase from north to south.

)
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Table 8. Results of stepwise regression analyses of the influence of indicated variables on prices of all estates. Reg Ill, Reg

1V and Reg 5 are dummy variables for the influence of the data for these regions.

Model 1 2 3 4 5 6 7 8
[ 2466.4 —23987.7 —16689.2 —12588.1 345.2 32693.3 24,846 47,222
m®ha 451 318 309 309 311 300 235 312.99
p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ave. yield 7764 7466 7429 5946 2226 3236
p-value 0.000 0.000 0.000 0.000 0.072 0.016
prod. area -100 -120 -129 -126 -119 -131.09
p-value 0.002 0.000 0.000 0.000 0.000 0.000
Reg 111 -10,117 —14,989 —25,900 —24,518 -29,733
p-value 0.001 0.000 0.000 0.000 0.000
Reg IV —13,745 -30,367 -30,348 -37,147
p-value 0.000 0.000 0.000 0.000
Reg V —27,545 —27,799 -35,130
p-value 0.000 0.000 0.000
% >40 year 17,394
p-value 0.054
R? (adj) 35.68 47.57 48.88 50.28 51.92 54.38 54.74 54.1
Table 9. Correlation matrix for the whole material.
Ave. yield m*/ha % >20 year % >40 year % >60 year Reg 111 Reg IV RegV  No. stands
3 0.455
m°/ha 0.000
—0.020 0.531
% >20 year 0.704 0.000
-0.103 0.602 0.632
%>d0year 53 0.000 0.000
-0.215 0.479 0.424 0.728
% >60 year 0.000 0.000 0.000 0.000
Rea 11 0.016 0.021 0.042 -0.141 -0.231
9 0.759 0.694 0.434 0.008 0.000
Req IV —0.445 -0.187 -0.027 0.106 0.173 -0.369
9 0.000 0.000 0.614 0.048 0.001 0.000
Req V -0.417 —0.256 -0.013 0.040 0.095 -0.259 -0.230
9 0.000 0.000 0.803 0.449 0.074 0.000 0.000
No. stands -0.182 -0.142 —0.037 -0.048 0.025 -0.007 0.164 0.054
’ 0.001 0.008 0.490 0.373 0.636 0.895 0.002 0.317
Prod. area -0.164 —0.149 —0.043 —0.096 -0.024 -0.190 0.078 0.178 0.206
’ 0.002 0.005 0.423 0.072 0.648 0.000 0.145 0.001 0.000

Note: Correlation; p-value.

However, there may also be substantial variations among estates located within the same region in numerous
factors that affect returns from forestry, including site quality and the age of the stands. Thus, the absence of any
detected significant effect of these variables on the price indicates that they were not taken into account in the
valuation of properties located within the same region. If so, the key determinants of net present value did not
proportionately impact property prices, and market prices deviated from those that would result from net present
value calculations. These findings clearly indicate that the buyers of forest land in Sweden during the study pe-
riod did not base their valuations solely on expected financial returns. Thus, they acted to some degree at least
irrationally (in monetary terms), and less rationally, apparently, than in quite recent periods covered by previous

analyses (Roos, 1996; Kennedy, 2002; Snyder et al., 2007).
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The price of forest estates may have risen faster than that of associated assets (net present value) because
non-monetary benefits are attributed higher values than previously (and thus valuations are still essentially ra-
tional: high monetary or non-monetary values result in high property prices). Alternatively, the apparent absence
of significant effects of site quality and forest age on property prices could be due to a general lack of knowl-
edge of properties’ true monetary values. Key questions are whether buyers rationally assess properties’ non-
monetary values when the size of monetary resources is partially unknown and whether they can consciously
evaluate non-monetary values without first having assessed monetary values. Several factors must be considered
to address these questions, particularly the difference between value and price. A property’s total value for a
given potential buyer is the sum of his or her estimates of the monetary and non-monetary values, hence the
non-monetary value placed on a property by a buyer could theoretically be calculated simply by subtracting the
monetary value (net present value) from its price. However, non-monetary values can be under or over-esti-
mated, like all other values. For example, the value of having a seaside or lakeside location may be overesti-
mated because a buyer can spend less time than hoped at a property, or underestimated because the fishing qual-
ity is better than anticipated, just as its financial performance may fail to meet (or exceed) expectations.

Our results do not exclude the possibility that the property prices are completely unrelated to the net present
value, since it is possible that buyers do not specify and estimate the value of various non-monetary benefits be-
fore bidding for properties, although it seems more likely that they do not estimate non-monetary values ration-
ally. Nevertheless, the regression analyses suggest that the properties’ potential profitability did not affect their
prices to a rational extent, and if their monetary values were not rationally estimated, it is difficult to see why
their non-monetary values would be.

It should be noted that high values of non-monetary benefits may not pose risks, if they have been rationally
estimated based on personal preferences, such as “Mushroom-picking is worth SEK 5000 per hectare to me”.
However, if the non-monetary value is unspecified or erroneous, the valuation becomes irrational and the risk of
poor estimates increases. For a buyer to be able to maximize the prospects of a good deal, she or he must have
reasonable understanding of all the relevant values.

A major issue that remains to be resolved (indeed an issue that in large part prompted the study) is the reason
why estate prices sharply rose during the study period if the property prices did not correspond to their net
present values, and changes in non-monetary values do not necessarily explain the price increase (as discussed
above). The key question is whether it is valid to assume that prices have rational foundations, and winner’s
curse theory offers an alternative explanation that does not rely on the assumption that the valuation of estates is
always based on rational analysis. For a purchaser to be at risk of winner’s curse, two criteria must be met: the
purchase must take place through bidding and the buyer must act irrationally, at least to some extent. The first
criterion is generally fulfilled in this context because buying estates normally involves bidding, and the second
criterion may be met because, for example, no relationship between price and either site quality or age distribu-
tion was detected. If the winner’s curse is a common phenomenon in the estate market, prices may have changed
according to the following scenario (assuming that all bidders can afford to pay a sum corresponding to their es-
timated value for a property).

A property is offered for sale. Potential buyers examine the property according to their requirements for in-
formation; some carefully read the real estate agent’s prospectus, thoroughly study the forest plan, visit the
property to form their own opinion about the state of the forest, and then assess the financial prospects using
their own knowledge and experts’ evaluations. Others may take a more relaxed approach or apply unpredictable
cri- teria. For example, the availability of a neighboring property for the first time in 100 years may be the deci-
sive factor for someone to place a bid. Another potential buyer may be content to study the prospectus and at-
tempt to estimate the price based on price statistics. In some cases there may be a “bidding war”, with buyers
successively raising bids (particularly if there is animosity between them), until the price is finally set. Buyers
who gradually withdraw from the bidding do so because bids rise above their estimated value of the property
(unless they bid more than this because of some other personal motivation). The winner of the bidding process
will be the person who makes the highest bid, and thus has the most optimistic estimate of estate’s value (unless,
again she or he has over-bid for some personal reason).

In the above example, the winning bid is (as usual) the highest. If the buyer’s valuation is based on insuffi-
cient information about the property's value, and/or her/his valuation is irrational (perhaps because the price is
less than the region’s average, according to the statistics, or because she/he merely wanted to own the property),
she or he may suffer from winner’s curse. In auctions or other bidding processes a bid based on over-estimated
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value will always beat a thoroughly rational bid, because the highest bid wins. The risk of a buyer overestimat-
ing the value of a resource is greatest when knowledge about the resource is low, and if buyers generally have
inadequate knowledge for rational estimates, there are increased risks of those buying forest estates suffering
from winner's curse. If a buyer suffers from winner’s curse she or he will either lose money or make a smaller
profit than expected, because the investment has lower value than anticipated. In both situations, the buyer has
invested more in an estate than the returns (monetary and non-monetary).

The regional patterns also warrant further consideration in this respect. Properties located within the same re-
gion have substantial social, ecological and economic similarities, but as shown by the statistics in Table 1 and
Table 2 they are far from identical. Thus, property prices are likely to be regionally grouped to some extent, but
should certainly not be homogeneous within regions. For example, Region V consists of Jamtland and Lapland
counties, which differ in all listed respects (social, ecological and commercial). Thus, the price of forest proper-
ties could be expected to vary between Jamtland and Lapland, but if the price of forest land in the material had
varied considerably between these counties the contribution of Region V would, presumably, have been weaker.
A possible explanation is that LRF Konsult’s price statistics may influence rather than merely reflect the market,
i.e. buyers may take into account regional differences in prices, thus contributing irrationally to regions being
explanatory variables in the pricing model.

The results show that the price of forest estates is influenced by region, but not site quality or age variables,
possibly because some buyers (at least) simplify and generalize when valuing properties. The possibility that the
price statistics may be used as a valuation instrument cannot be excluded, i.e. potential buyers may check local
prices of unit volumes of wood and multiply them by the standing volumes of offered properties. If the standing
volume is valued without considering the age structure of the forest, young forest will be valued using the same
unit volume price as mature forest. In support of this conclusion, Skogssallskapet’s consultant Ulrik Abelson
(2011) reports that he discourages sellers from thinning before selling forest land, because the net price per cu-
bic meter obtained from thinning is unlikely to exceed the estimated price of the lost standing volume at a bid.

It should be noted that the absence of expected effects on price of variables that influence the net present val-
ue does not necessarily mean that buyers make poor decisions. The present net value of forests is not the only
factor that determines the financial returns from a property transaction. For example, tax advantages may be key
factors for a buyer and, if so, factors such as age structure and site quality might have minor effects on profita-
bility. Moreover, forest land may continue to increase in value, so purchases may be made for rational, specula-
tive purposes. Nevertheless, if real estate prices are based on simplified valuation methods that do not comply
with present value calculations, properties with similar yield potential may be sold at very different prices.

It is possible that properties with the same volume of standing timber, located in the same region, command
similar prices per cubic meter and (thus) a naturally regenerated, uncleaned and unthinned forest may be valued
as highly as an artificially regenerated, well-thinned forest with the same standing volume. If so, those who in-
vest in the well-managed forest are likely to enjoy significantly higher returns on their investment. The same ap-
plies if forest estates with similar standing volumes but different average site indices are equally valued: invest-
ment in a property with higher site quality is likely to yield higher returns. Furthermore, properties with large
standing volumes will be sold at high prices regardless of forest quality. This means that sellers prioritizing
high-volume production above high present values may be able to sell their forest estates at higher prices than
those managing their forests in order to maximize net present value.

5. Conclusion

Region and standing volume per hectare are predictive variables for the price of forest properties in our dataset.
In contrast, site quality class and forest age variables (proportions of forest area over 20, 40 or 60 years old)
have the most marginal effects on price, while increases in both the number of stands and area of productive for-
est have negative effects. These findings collectively indicate that the net present value may not have been taken
into account to the expected extent if the properties had been valued on the basis of a rational economic perspec-
tively. Furthermore, non-monetary values do not clearly explain the price rise in the property market, but win-
ner’s curse theory provides an alternative explanation for the rise.

Several limitations of our analyses that may have influenced the results should be considered. Firstly, we as-
sumed that the relationships between forest estate prices and the tested variables were linear, but this was not
necessarily true since the relationships may be curvilinear. Secondly, the efforts to exclude properties that could
have biased the findings because their prices were probably influenced by values of non-forest assets based on
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deviations from patterns in scatter plots. An alternative would have been to examine characteristics of every sold
property, i.e. screen outliers more rigorously, which would probably have improved the results. Thirdly, the
analyzed material was essentially drawn from prospectuses describing the offered properties, which might have
included incorrect details regarding (for instance) standing volumes, species distributions and site quality.
However, the buyers’ valuations of the properties were probably based on the same data. Thus, possible inaccu-
racies in the properties’ descriptions did not necessarily invalidate the conclusions about the considered variables’
effects on price.

A strength of the study is that the analyzed material is very close to current and comprehensive, two key crite-
ria for obtaining valid indications of factors affecting the current forest estate market (and detecting possible
differences from previous conditions). Furthermore, the analysis of solely forest properties provided more relia-
ble results than the analysis of the full dataset, which is consistent with expectations as including properties with
additional, non-forest assets increases risks of confounding results related to the forest valuation.

In summary, our results suggest that the standing volume per hectare and region are the main determinants of
a Swedish forest estate’s price in the current market, while site quality and forest age (which strongly influence
net present value) apparently have little influence. However, detailed studies of a small number of properties
may be needed to identify additional influential factors and test the conclusions more rigorously. For example,
our use of proportions of the forests exceeding defined ages to test the effect of age distribution on prices may
have been too simplistic, and there may be correlations between the proportion of bare forest land and price. Si-
milarly, other age-related factors that have not been considered and/or the proportion of mature forest according
to Swedish Forestry Act definitions may influence prices. Thus, using more variables to characterize the age
distribution of the estates’ forests more thoroughly may provide more robust conclusions about its effect on
prices.
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