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Use of computer graphics for predicting the
amenity of forest trails
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TIIVISTELMA: TIETOKONEGRAFIIKAN KAYTTOKELPOISUUS METSAPOLKUJEN ULKOILU- JA
MAISEMAOMINAISUUKSIEN ENNUSTAMISESSA

Nousiainen, I. & Pukkala, T. 1992. Use of computer graphics for predicting the
amenity of forest trails. Tiivistelmi: Tietokonegrafiikan kiyttokelpoisuus metsi-

polkujen ulkoilu- ja maisemaominaisuuksien ennustamisessa. Silva Fennica
26(4): 241-250.

Ten trails, one kilometre each, were evaluated by 15 persons for scenic beauty,
recreational value and variety. All trails passed through commercially managed
forests dominated by conifers. The trails were first evaluated by viewing compu-
ter simulations based on a series of graphical illustrations of forest landscapes,
then from a slide show, and finally in the field. In the computer simulation and
slide show, landscape pictures along the trail at an interval of 3540 m were
presented for 3—4 seconds. The ranks between slide show and field were slightly
more similar than those between simulation and field. The mean correlation of
12 persons between the field ranking and assessment of either computer simula-
tions or slide shows varied from 0.506 to 0.680. Variety was easier to evaluate
from slides or graphics than scenic beauty or recreational value. Spearman’s

- rank correlations computed from median scores of a group of 12 peers were
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clearly better than the average of individual persons varying from 0.6 to 0.9.

Koehenkilot arvioivat kymmenen yhden kilometrin pituisen ulkoilureitin maise-
mallista kauneutta, ulkoiluarvoa ja vaihtelevuutta. Ulkoilureitit sijaitsivat havu-
puuvaltaisissa talousmetsissi. Reitit arvioitiin ensin tietokonegrafiikalla tuotet-
tujen piirrosten avulla, sitten diakuvista ja lopuksi maastossa. Tietokone- ja
diaesityksissd koehenkil6ille néytettiin nikymii polulta 35—40 m:n vilein, kuta-
kin ndkymai 3—4 s. Dioista arvioitu polkujen paremmuusjirjestys oli hiukan
lihempénd maastoarvioiden jirjestysti kuin tietokonegrafiikasta arvioitu parem-
muusjdrjestys. Kahdentoista henkilon keskimiiridinen dioista tai tietokone-
grafiikasta tehdyn arvion jirjestyskorrelaatio maastoarvion kanssa vaihteli vi-
lilld 0,506-0,680. Vaihtelevuus kyettiin arvioimaan grafiikasta paremmin kuin
maisemallinen kauneus ja ulkoiluarvo. Koehenkiloiden poluille antamien pistei-
den mediaanista lasketut jirjestyskorrelaatiot olivat selvisti parempia (0.6-0.9)
kuin yksittdisten henkiloiden korrelaatiot.
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1 Introduction

The main product of Finnish forests has tradi-
tionally been timber and other woody products.
Because of this, forests have been managed for
wood production only. Management planning
systems are designed to produce plans that max-
imize the timber yield in a sustainable manner
(Siitonen 1983).

This traditional picture is now changing rapid-
ly: for many forest owners, wood production is
not the most important objective of forest man-
agement. The most important objective may be
recreation and other related uses (Jirveldinen
1988). Recreation in the forest is very common
and highly valued by both forest owners and
non-owners. It seems that most forests near ur-
ban areas produce more benefits to the nation
through recreation than through timber produc-
tion (Pouta 1991).

In this situation it is necessary to integrate
amenity values in management planning tools.
To accomplish this, a crucial step is to develop
methods to value non-monetary products. Be-
cause non-monetary products, like scenic beauty
and recreational value, are difficult to predict
and express numerically, several new methods
use computer graphics to show to the decision
maker the present and future states of the forest
(e.g. Pukkala 1993). These graphical illustra-
tions, with numerical information, are used to
evaluate different management alternatives.

There are already several studies about the use
of computer graphics for the evaluation of far-
view amenity (Myklestad and Wagar 1976, An-
gelo 1979, Pukkala and Kellomiki 1987, Pukka-
la 1988, Kellomiki and Pukkala 1989), and some
examples of using computer graphics to assess
within-stand amenity (Pukkala et al. 1988). Some
of the studies indicate that computer graphics
can help to evaluate the impacts of forest treat-
ment on far-view landscape and within-stand
amenity.

The most important amenity parameter of Finn-
ish forests is not far-view scenic beauty, and not
the amenity of individual stands either. Rather,
the whole experiential sequence of a person trav-
elling through a forest consisting of many stands
should be predicted. People usually walk along
footpaths in the forest. Therefore, assessment of
the amenity of a trail, track or footpath provides
a fairly good estimate for the amenity of the
whole surrounding forest as well.
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Fig. 1. The principle of the simulation of movement
along a trail. Dotted lines are compartment bounda-
ries. Numbers 1 to 8 represent points of the Dig-
ital Elevation Model (DEM) indicating the com-
partment number of the point. The square is a
moving subarea that is drawn on the computer
screen for 3 to 4 seconds. Different tree symbols
are drawn around each point of the DEM corre-
sponding to the species composition, tree size and
stand density of the compartment.
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There are at least three ways to evaluate the
amenity of a trail. The first possibility is to walk
along the trail in the forest. Another method is to
take photographs along the trail at regular inter-
vals, and assess the amenity through them. This
technique, in a form of a slide show, has been
used for individual stands e.g. by Daniel and
Boster (1976), Benson (1979), and Schroeder
and Daniel (1980, 1981). The third possibility is
to use computer graphics and simulate the move-
ment through forest on the computer screen (Fig.
1).

Field visits and slide shows can be used to
evaluate a particular existing trail, or compare
different locations of a prospective recreation
route. The benefit of a slide show compared to
the field visit is that only one person needs to
visit all the places (Craik and Feimer 1979).
However, both methods are insufficient for for-
est management planning because for planning
we are interested in the future states of the forest.
Since computer simulation and computer graph-

ics can present future and imaginary situations,
they may greatly help forest manager to evaluate
the long-term impacts of different management
alternatives on the recreational properties of a
forest. Presently, this evaluation must be done
on the basis of forest maps and numerical infor-
mation describing timber production.

Before using computer graphics techniques, it
is necessary to know how well such computer-
based evaluations can predict the recreational
properties of a forest area. This study tested the
usability of computer graphics by comparing it
to slide and field evaluations. The usability of a
presentation media was evaluated based on the
rank correlation with field assessments. Because
rank correlation depends on the variation among
trails it is not alone sufficient for judging an
evaluation method. Because slides are a familiar
tool for amenity evaluation, comparison of graph-
ics with slides gives a general idea about the
usability of computer graphics for amenity eval-
uation.

2 Material and methods

Trails

Ten trails, one kilometre each, passing through
normally managed forests in North Karelia, Fin-
land (64°N, 31°E), were selected for the study.
The trails made an almost continuous route. The
dominant tree species in the study area was Scots
pine (Pinus sylvestris). There were a few pure
Norway spruce (Picea abies) and birch (Betula
spp.) stands, and mixtures of these species, the
most common mixture being pine with spruce.

The area included stands of different age class-
es: from recently planted areas to mature stands.
A trail usually crossed three to ten compart-
ments with more or less distinct boundaries and
clearly different stand characteristics. One trail
passed through a newly clearcut area where the
soil was cultivated for plantation. The terrain
varied from quite even to slightly undulating
land. The area contained many small lakes, but
they were not easily visible from the trails. Thus,
the main factors affecting the amenity of the
trails were the terrain and the properties of forest
compartments.

Differences among the study trails reflect the
normal variation among adjoining areas in Finn-
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ish forest; the amenity variation among trails
was quite small (Table 1).

Slides

Slides were taken in July along each trail at 40-
m intervals using a 35 mm wide angle lens, and a
film with the sensitivity of 50 ASA. No effort
was made to avoid obscuring vegetation before
the camera. All slides were taken towards the
walking direction. The camera was mounted on
a tripod that helped to take the shots horizontally
at the height of observer’s eye with the trail in
the centre of the photograph. The number of
slides per trail was about 25. When taking slides,
the weather varied from clear to an almost over-
cast sky. In poorly illuminated spots, several
slides were taken, and the best one was used in
the evaluation.

Computer graphics
For creating computer graphics the stands along

the trails were divided into reasonably homoge-
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Fig. 2. Printouts of successive views in one of the study routes. In the evalua-
tions, the graphics were presented on a 19" colour monitor.

nous stand compartments, the boundaries of
which were drawn on a map. All stands that
were near the trail were demarcated. The stand
characteristics of each compartment were sur-
veyed by ocular standwise inventory, using a
relascope to measure stand basal area, hypsome-
ter to measure tree height, and calipers to meas-
ure tree diameter. In each compartment, the fol-
lowing parameters were recorded separately for
each tree species and canopy layer: stand basal
area, or in young stands, number of trees/ha;
mean age of trees; mean height of trees; mini-
mum, mean and maximum of the diameter dis-
tribution.

The field data were used to create for each
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compartment, a theoretical tree population con-
sisting of five trees per species in each canopy
layer. As a first step, the diameter distribution of
a species was predicted from the field measure-
ments, using the beta function as a theoretical
distribution (e.g. Pdivinen 1981). In the second
step, the distribution was divided into five diam-
eter classes of equal width, and the number of
trees per hectare in each class was computed.
The heights of the trees were predicted with a
height model that was calibrated using the mean
diameter and height as measured in the field.
Every theoretical tree was described by species,
diameter, height, and number of trees per hec-
tare.
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Compartment boundaries were digitized using
a map program (Pekkonen 1991). The contour
lines were also digitized to create a Digital Ele-
vation Model. The map data and the map pro-
gram were utilized to create a data file that con-
tained the x, y and z coordinate, and the com-
partment number of each point of a systematic
lattice. The interval between the lattice points
was 8 m in x and y directions.

The graphical illustrations of stands were cre-
ated by drawing three symbols around each lat-
tice point (Fig. 2). The probability to draw a
particular symbol was proportional to the fre-
quency of the diameter class and tree species. If
the stand was dense enough (in this study: 3000
trees/ha), all lattice points were occupied. With
lower stand densities some of the points remained

empty. Short horizontal lines showing the ground
location were drawn around all points. Different
tree species were drawn with different colours or
shades of a colour. The colour of foliage was
different from the bark colour. The bark colour
of pine and birch depended on tree size.

The principle of simulating movement through
forest was to draw on the screen a small subarea
at a time, and rapidly change this area (Figs. 1
and 2). In this study, the depth of the subarea
was 10 lattice points (80 m) and the width 6
lattice points (48 m). Points along the trail were
stored in a data file, the distance between two
successive points being 35-40 m. Therefore, suc-
cessive subareas overlapped by 25 to 30 m giv-
ing an impression of continuity and movement.

3 Evaluations

The ten trails were assessed by 15 persons for
scenic beauty, recreational value and variety. All
these variables correlate with the amenity of the
forest and with each other (e.g. Gustke and Hodg-
son 1980, Pukkala et al. 1988). In Finnish lan-
guage they have a clearer meaning than amenity.
Variety also measures amenity because disconti-
nuities in a trail increase pleasure (Gustke and
Hodgson 1980). When evaluating recreational
value, the people were advised to think of the
suitability of this forest and trail for their way of
recreating.

Seven of the test persons were foresters while
the others (8 persons), having a variable back-
ground, were all interested in outdoor recreation.
About 50 % of the persons were familiar with
the area represented by the trails.

The trails were first evaluated from computer
graphics, then from slides, and finally in the
field. The order was from the method with the
least visual information to the one with the most.
This order prevented the persons from recogniz-
ing the trails, as seen in the field, from graphics
or from slides, also from recognizing a particular
slide show from computer graphics. Slides and
computer graphics were evaluated in one day,
and the field assessments were done 1 or 2 days
later.

The test individuals were instructed to imag-
ine the forest in nature, and evaluate that forest
rather than the quality of slides or graphics. A
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few graphical illustrations outside the study area,
with slides of the corresponding spots, were
shown to the people being tested before the pres-
entation of graphics. The purpose was to make
these people more familiar with graphical illus-
trations, because when computer graphics are
used in practical planning the users will certain-
ly have previous experience with it.

The order of trails was different with different
methods, and random in the computer simula-
tion and slide show. The test persons could sel-
dom connect a given slide show to a particular
computer simulation, or a given field evaluation
to a particular computer simulation or slide show.
Therefore, the three assessments were almost
independent of each other.

When a trail was completed, its scenic beauty,
recreational value and variety were evaluated
using a scale from O (very poor) to 10 (very
good). This scale has been used earlier e.g. by
Daniel and Boster (1976), Benson (1979),
Schroeder and Daniel (1980), Benson and Ull-
rich (1981), and Pukkala et al. (1988). For com-
puter simulations and slide shows the persons
were divided into three groups, and for the field
evaluations into two groups. In the computer
simulation and slide show, each subarea was
shown for 3—4 seconds. This time was found
sufficient by testing the presentation methods
before the study. There was a break of one to
two minutes between each trail. In the field,
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there was a short break after each trail, and a
longer rest of 40 minutes after the sixth trail.
The similarity of computer or slide assess-
ments with the field evaluations were studied
using the Spearman’s rank correlation. The trail
scores by each person were ordered into ascend-
ing order, and a correlation coefficient was com-
puted for the similarity of ranks based on com-

puter simulations and field assessments, and an-
other coefficient for the ranks based on slide
shows and field visit.

Another analysis was carried out by assuming
that a group of peers evaluates the trails. In this
analysis, a median score of 12 persons was first
computed for each trail, and the rank correlation
was computed from the medians.

4 Results

The scores indicated that the ten trails were quite
similar with respect of scenic beauty, recreation-
al value and variety (Table 1). This was to be
expected, because no attempt was made to have
much variation among trails. The scores of field
and graphics evaluations were very near each
other. In terms of differences in the mean and
median scores, graphics gave clearly better re-
sults than the slide assessments.

The rank correlations of individual persons
were mostly between 0.5 and 0.7. Most correla-
tions were significant at 5-% risk level and a few
at 1-% risk level. There were three persons for
which all the correlations were very poor. It

Table 1. Median, 20-% quartile deviation, and range
of variation of the mean scores of 12 persons for
10 trails. The scale in evaluation was from 0 (very
poor) to 10 (very good).

Method Median Quartile  Minimum Maximum
of evaluation deviation
Scenic beauty
Graphics 6.0 0.7 3.8 7.6
Slide show 5:5 1.4 2.5 7.8
Field visit 6.1 0.8 2.6 6.7
Recreational value
Graphics 6.7 0.6 3.7 7.4
Slide show 5.8 0.8 3.8 8.1
Field visit 6.6 0.6 3.3 7.1
Variety

Graphics 54 0.7 35 6.9
Slide show 4.7 1.3 3.1 7.3
Field visit 5.1 1.1 3.0 7.1
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might be that these persons had no clear opin-
ions what is a beautiful, good or variable forest.
Another possibility is that they could not well
enough imagine the forest from slides and com-
puter graphics. It is also possible that for these
persons the trails really were almost equally good,
and this explains the low correlation, although
the evaluations may be nearly correct. Because
of these reasons, these three persons were ex-
cluded from the analysis. If the reason for poor
correlation is an insufficient ability to interpret
graphics or slides, it is not likely that these per-
sons will be utilized in real situations.

The mean correlation coefficients were slight-

Table 2. Statistics of rank correlations for 12 persons.
The correlation describes the similarity of field
ranks with evaluations based on slide shows or
computer graphics. The critical value of the corre-
lation coefficient is 0.564 at 5-% risk level, and
0.746 at 1-% risk level.

Method Mean Median ~ Minimum  Maximum
of evaluation
Scenic beauty
Graphics 0.616 0.702 0.010 0.835
Slide show  0.634 0.649 0.327 0.888
Recreational value
Graphics 0.506 0.615 0.012 0.781
Slide show  0.659 0.713 0.387 0.788
Variety

Graphics 0.654 0.665 0.364 0.875
Slide show  0.680 0.693 0.409 0.917
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Fig. 3. Rank correlations computed for a group of
peers (12 members) compared to the mean corre-
lations of individual members. G = graphics, S =
slides.

ly better for slides than for computer simula-
tions, but the differences were small (Table 2).
The median coefficient for scenic beauty ranks
is better for computer than slide evaluations. In
all other instances slide ranks correlated better
than computer ranks with the field ranks.

With both methods, correlations were the best
for variety and with the slide method poorest for
scenic beauty. With the computer graphics the
correlations were poorest for recreational value.
It seems that recreational value is difficult to
evaluate from computer graphics, presumably
because low bushes, dwarf shrubs and obstacles
on the ground were omitted from the illustra-
tions although they greatly affect the recreation-
al value (Hultman 1983).

Rank correlations computed from the median
scores of several persons were clearly better than
the mean correlations of individual persons (Fig.
3). A group of people could assess different trails
from slides and computer simulations more reli-
ably than individuals. For variety, the correla-
tion coefficient was about 0.9 which means that
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Scene G i
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Fig. 4. Mean rank correlations of 12 persons com-
puted for four or three clearly different routes
compared to the mean correlations of all 10 routes.

G = graphics, S = slides.

ranks based on graphics or slides were nearly the
same as in the field. The results that slides are
slightly better than graphics also applied to a
group of peers.

The correlation coefficients are valid in this
study material only, and they should improve
with more variation among the routes. This as-
sumption was tested by computing the rank cor-
relations for four and three trails that were more
clearly different with respect of scenic beauty,
recreational value and variety. The analysis of
three trails included the best and the poorest
trail, and one trail of medium quality. In the
analysis of four trails, two medium trails were
included.

With only one exception, rank correlations of
four trails were better than those of ten trails
(Fig. 4). Correlations of three clearly different
trails were always better than those of the group
of ten or the group of four trails. This result
indicates that both slides and graphics can depict
clear differences of amenity properties of forest
trails.
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5 Discussion

The two ways other than field visit, to rank for-
est trails according to some amenity properties
were almost equally good, slides being only
slightly better than computer graphics. The cor-
relation of slide or graphics ranks with field
ranks was typically about 0.65. This corresponds
to a degree of determination of only 42 %. There
are two reasons for the rather low correlation.
The first is that slides and graphics are insuffi-
cient in depicting amenity differences of trails.
The second reason is errors and inconsistencies
in the evaluations. It is very difficult to rank ten
alternatives, especially if they are nearly equally
good and the ranking is based on several criteria.
For example, Kangas (1992) found that with two
repeated evaluations of ten forest regeneration
alternatives with the same presentation method,
the mean rank correlation of individual forest
owners was 0.66 only.

In this study, too, the low correlations may be
partly explained by errors in the evaluations. In
several instances a trail contained beautiful stands
with less-attractive monotonous tree plantations
in-between. This makes the evaluation difficult
and inconsistent. Because the evaluations were
not important to the test persons, their concen-
tration may not have always been sufficient.

If the same persons should rank the trails again
in the field, it is not likely that the order will be
the same as in the present study. Rank correla-
tions between two independent field evaluations
would most probably be clearly below one, and
possibly not very much better than correlations
of the field ranks with slide or graphics evalua-
tions. Unfortunately it was not possible to test
this hypothesis, because the test persons would
have remembered their first field scores during
the second visit.

The result that correlations were better for a
group of peers than for individuals indicates that
the ranks by individuals with different back-
ground resemble each other. The same result has
been found earlier e.g. by Pukkala et al. (1988)
and Kangas et al. (1993). The method is more
robust for a group of peers because the use of
median and mean scores greatly decreases the
effect of inconsistencies and errors in the evalu-
ations. The method of independent peers also
decreases the effect of exceptional opinions.

Three persons were omitted when comparing
the mean rank correlations. If these persons had
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been included the mean rank correlations had
decreased from 0.65 to about 0.55, but the main
result that slides are slightly better than compu-
ter graphics had remained unchanged.

The shortcoming of slides is that branches,
stems and other objects near the camera can
cover too much of the view. In the field a person
looks to many directions, which gives her or him
a much better conception about the forest than a
single slide. With the computer simulation it is
also possible to look at different directions, and
it is possible to deviate from the trail and move
freely in the forest. The distance of the view-
point can also be adjusted, and several illustra-
tions with the viewpoint at different distances
may be drawn at the same time. This gives a
spatial framework to the evaluation.

Taking into account the flexibility of compu-
ter graphics, it is perhaps a more promising meth-
od of amenity evaluation than the slides. As
mentioned before, sides and field visits are not
sufficient for forest management planning, which
typically compares future states of the forest.

Despite flexibility, computer graphics can never
depict all the elements of a real environment.
For example, the system used in this study pre-
sented only trees, lakes, fields and the terrain.
However, in a practical planning situation the
planner and the decision maker are familiar with
the area and have plenty of field experience. The
role of computer simulation is only to visualize
the effects of forestry operations and stand de-
velopment.

Symbols for other objects than trees can be
easily added to the computer graphics, and tree
symbols can be improved, to make the graphics
look more like a real forest. The landscape may
be presented in summer, autumn and winter col-
ours. Sounds, smells, temperatures, physical ex-
ertion and animals that also affect the experience
of a recreationalist are of course more problem-
atic and some of them are almost impossible to
simulate by the computer. One drawback of com-
puter simulation is that it does not show excep-
tional trees and features, although they may great-
ly affect the experience of a recreationalist.

Because of these limitations, computer simu-
lation should not replace field evaluation if field
planning is possible. This is the case e.g. when
comparing alternative plans to set up a recrea-
tion trail in the present forest. Also here compu-
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ter simulation may be useful if there is a need to
look into the future.

The methodology to test the usability of com-
puter graphics had some shortcomings that should
be avoided in the coming investigations. First, it
is advisable to repeat the field assessment twice
to separate errors due to the evaluation method

from those that arise from the inability of people
to give consistent evaluations. Second, trails
shorter than one kilometre with less within-trail
variation should be used. Increasing the varia-
tion among trails improves results, but it is likely
that in the practical use of a presentation method
trails to be compared are quite similar.

References

Angelo, M. 1979. The use of computer graphics in the
visual analysis of the proposed sunshine ski area
expansion. In: Proceedings of our National Land-
scape. A Conference for Applied Techniques for
Analysis and Management of Visual Resources,
23-25 April 1979, Incline Village, NV. USDA,
Forest Service, General Technical Report PSW-
35. p. 439-446.

Benson, R.E. 1979. Aesthetic impacts of harvesting
and residue management: Public preference rat-
ings. In: Proceedings of Environmental Conse-
quences of Timber Harvesting, 11-13 September,
Mont. USDA, Forest Service, General Technical
Report INT-90. p. 433-440.

— & Ullrich, J.R. 1981. Visual impacts of forest
management activities: Findings on public prefer-
ences. USDA, Forest Service, Research Paper INT-
262. 14 p.

Craik, T.C. & Feimer, N.R. 1979. Setting technical
standards for visual assessment procedures. In:
Proceedings of our national Landscape. A Confer-
ence for Applied Techniques for Analysis and
Management of Visual Resources, 23-25 April
1979, Incline Village, NV. USDA, Forest Service,
General Technical Report PSW-35. p. 93—-100.

Daniel, T.C. & Boster, R.S. 1976. Measuring land-
scape aesthetics: The scenic beauty estimation
method. USDA, Forest Service, Research Paper
NR-167. 66 p.

Gustke, L.D. & Hodgson, R.W. 1980. Rate of travel
along an interpretive trail. The effect of an envi-
ronmental discontinuity. Environment and Behav-
iour 12: 53-63.

Hultman, S.-G. 1983. [Public judgement of forest en-
vironments as recreation areas. 1. Judgement on
site or from photos?] Allminhetens beddmning av
skogsmiljoers lamplighet for friluftsliv. 1. Bedom-
ning pd plats eller i bild? The Swedish University
of Agricultural Sciences, Section of Environmen-
tal Forestry, Report 27. 91 p. In Swedish.

Jarveldinen, V.-P. 1988. [Changes in the structure of
private forest owners in Finland, and the develop-
ment of wood supply]. Yksityismetsinomistajien
rakennemuutos ja puun tarjonnan kehitys. Pellervo
Research Institute, Note 2: 6-12. In Finnish.

Kangas, J. 1992. [Choosing the regeneration chain in

Silva Fennica 26(4)

a forest stand. A decision model based on multi-
attribute utility theory]. Metsikon uudistamisketjun
valinta — monitavoitteiseen hyotyteoriaan perus-
tuva pditosanalyysimalli. University of Joensuu,
Publ. Sci. 24. 230 p. In Finnish.

— , Laasonen, L. & Pukkala, T. 1993. A method to
estimate forest landowner’s landscape preferences.
Scand. J. For. Res. 8. In press.

Kellomiki, S. & Pukkala, T. 1989. Forest landscape:
A method of amenity evaluation based on compu-
ter simulation. Landscape and Urban Planning 18:
117-125.

Myklestad, E. & Wagar, J.A. 1976. Preview: Compu-
ter assistance for visual management of forested
landscapes. USDA, Forest Service, Research Pa-
per NE-355. 12 p.

Pdivinen, R. 1981. Puiden ldpimittajakauman esti-
mointi ja sithen perustuva puustotunnusten las-
kenta. Summary: On the estimation of stem-diam-
eter distribution and stand characteristics. Folia
Forestalia 442. 28 p.

Pekkonen, T. 1991. [User’s guide of TOPOS map
program]. TOPOS, kiyttdjan opas. Mimeograph.
48 p. In Finnish.

Pouta, E. 1991. [What is the yield of forest in recrea-
tional use?] Mikd on metsin tuotto virkistys-
kdytossd? Metsd ja Puu (7): 8-9. In Finnish.

Pukkala, T. 1988. Methods to incorporate the amenity
of landscape into forest management planning.
Silva Fennica 22(2): 135-146.

— 1993. [MONSU: A management planning system
for multiple use forestry]. Metsiisuunnitteluohjelma
MONSU. Ohjelmiston toiminta ja kidytt. Mimeo-
graph at the University of Joensuu, Finland. 41 p.
In Finnish.

— & Kellomiki, S. 1987. Simulation as a tool in
designing forest landscape. Landscape and Urban
Planning 16: 253-260.

— Kellomiki, S. & Mustonen, E. 1988. Prediction of
the amenity of a tree stand. Scand. J. For. Res. 3:
533-544.

Schroeder, H.W. & Daniel, T.C. 1980. Predicting the
scenic quality of forest road corridors. Environ-
ment and Behahavior 12: 349-366.

— & Daniel, T.C. 1981. Progress in predicting the
perceived scenic beauty of forest landscapes. For.

249



Sci. 27: 71-80.

Siitonen, M. 1983. A long term forestry planning
system based on data from the Finnish national
forest inventory. University of Helsinki, Depart-
ment of Forest Mensuration and Management,
Research Notes 17: 195-207.

Total of 22 references

250

Ismo Nousiainen & Timo Pukkala

Review of manuscripts in 1992
Kaisikirjoitusten tarkastus vuonna 1992

The editorial board of the Society of Forestry in Finland
has received invaluable assistance from a large number
of experts who have kindly provided assessments of the
scientific level of the manuscripts submitted for Acta
Forestalia Fennica and Silva Fennica. For review of
manuscripts in 1992, the Board would like to express
its sincere thanks to the following experts.

Eric Agestam

Stig Andersson
Philip Beckett
Lage Bringmark
Bogdan Brzeziecki
Kang-tsung Chang
Paul Van Deusen
Claes Fries

B.A. Gardiner

Per Gemmel
Rihko Haarlaa
Helena Henttonen
Jarmo Holopainen
Tuomas Hiame
Hannu Ilvesniemi
Heikki Juslin
Risto Juvonen
Veli-Pekka Jarveldinen
Markku Kanninen
Seppo Kellomiki
Matti Keltikangas
G.K. Kenk

Girma Kifetew
Lawrence Kirkendall
Aune Koponen
Hannu Koponen
Eero Kubin

Jussi Kuusipalo
Lauri Kdrenlampi
Jouko Laasasenaho
Matti Leikola

Dag Lindgren

Suomen Metsitieteellisen Seuran julkaisusarjojen Acta
Forestalia Fennica ja Silva Fennica toimituskunta on
saanut arvokasta apua lukuisilta asiantuntijoilta, jotka
ovat hyvintahtoisesti arvioineet painettavaksi tarjottu-
jen Kkisikirjoitusten tieteellistd tasoa. Vuonna 1992
tehdystd tarkastustyostd toimituskunta esittéd parhaat
kiitoksensa seuraaville asiantuntijoille.

Bo Lingstrom
Ilpo Mannerkoski
Esko Mikkonen
Annikki Mékeld
Mats Nylinder
Heikki Peuhu
Veli Pohjonen
Timo Pukkala
Risto Pdivinen
Juhani Pdivinen
Hannu Raitio
Anne Rihtniemi
Liisa Saarenmaa
Jussi Saramaki
Pekka Saranpia
Jukka Selander
Pentti Sepponen
Risto Sievinen
Reidar Skaar
Heikki Smolander
Gunnar Sorte
Pauline Stenberg
Erkki Tomppo
Mikko Toropainen
Seppo Vehkamiki
Ari Vepsildinen
Heikki Vesikallio
Seppo Viyrynen
Soren Wibe
Claire G. Williams
Rune H. Okland
Goran Orlander



Supporting members — Kannattajajisenet

SKOGSCENTRALEN SKOGSKULTUR
METSATEOLLISUUS R.Y.
OSUUSKUNTA METSALIITTO
KEMIRA OY

METSA-SERLA OY

KYMMENE OY

METSAKESKUS TAPIO

A. AHLSTROM OSAKEYHTIO

OY TAMPELLA AB
MAATALOUSTUOTTAJAIN KESKUSLIITTO
VAKUUTUSOSAKEYHTIO POHJOLA
VEITSILUOTO OSAKEYHTIO

OSUUSPANKKIEN KESKUSPANKKI OY
ENSO-GUTZEIT OY

YHTYNEET PAPERITEHTAAT OY
JAAKKO POYRY OY
KANSALLIS-OSAKE-PANKKI
THOMESTO OY

OY KESKUSLABORATORIO
METSANJALOSTUSSAATIO

SUOMEN METSANHOITAJALIITTO
SUOMEN 4H-LIITTO

SUOMEN PUULEVYTEOLLISUUSLIITTOR.Y.
METSAMIESTEN SAATIO



Instructions to authors - Ohjeita kirjoittajille

Manuscripts are to be sent to the editors as
three full, completely finished copies, including
copies of all figures and tables. Original mate-
rial should not be sent at this stage.

Research articles and notes

The editor-in-chief will select two or more
referees to examine the manuscript.

The author must take into account any revi-
sion proposed by the referees. If the author
informs the editor-in-chief of a differing opinion
the board will, if necessary, consider the mat-
ter. Decision whether to publish the manu-
script will be made by the editorial board within
three months after the editors have received
the revised manuscript.

Following final acceptance, no essential
changes may be made to the manuscript
without the permission of the editor-in-chief.
Major changes presuppose a new application
for acceptance.

The author is responsible for the scientific
content and linguistic standard of the manu-
script. The author may not have the manu-
script published elsewhere without the permis-
sion of the editors of Silva Fennica. Silva
Fennica accepts only manuscripts that have
not earlier been published.

The author is to forward the final manuscript
and original pictures to the editors within two
months after acceptance. The text is best
submitted on a floppy disk, together with a
printout. The letter accompanying the manu-
script must clearly state that the manuscript in
question is the final version, ready to be print-
ed.

Other contributions

Scientific correspondence, comments, re-
views, travel reports, and announcements are
accepted by the editorial board.

Form and style

Closer instructions on the form of the ma-
nuscript are given in the first number issued
each year. Reprints of the instructions are
available from the editors.

Késikirjoituksesta lahetetadn toimitukselle
kolme taydellistd, viimeisteltyd kopiota, joihin
siséltyy myos kopiot kaikista kuvista ja taulu-
koista. Originaaliaineistoa ei tdssa vaiheessa
laheteta.

Tutkimusraportit ja -tiedonannot

Vastaava toimittaja lahettaad kasikirjoituksen
valitsemilleen ennakkotarkastajille. Tekijan on
otettava huomioon ennakkotarkastajien kor-
jausesitykset tai ilmoitettava eridva mielipi-
teensa vastaavalle toimittajalle tai toimituskun-
nalle, joka tarvittaessa kasittelee asian. Kirjoi-
tuksen julkaisemisesta paattaa toimituskunta
kolmen kuukauden kuluessa siita, kun korjattu
kasikirjoitus on tullut toimitukselle.

Hyvaksymisen jalkeen kasikirjoitukseen ei
saa tehda olennaisia muutoksia ilman vastaa-
van toimittajan lupaa. Suuret muutokset edel-
lyttavat uutta hyvaksymista.

Kirjoituksen tekija vastaa kirjoituksen tieteel-
lisesta asiasisallosta ja kieliasusta. Tekija ei
saa julkaista kirjoitusta muualla ilman Silva
Fennican julkaisijan suostumusta. Silva Fenni-
caan hyvaksytaan vain aiemmin julkaisemat-
tomia kirjoituksia.

Tekijan tulee lahettaa lopullinen kasikirjoitus
ja kuvaoriginaalit toimitukselle kahden kuu-
kauden kuluessa hyvaksymispaatdoksesta.
Teksti otetaan mieluiten vastaan mikrotietoko-
neen levykkeelld, jonka liséksi tarvitaan pape-
rituloste. Kasikirjoituksen saatteesta tulee sel-
vasti ilmeta, etta kyseessa on lopullinen, kirja-
painoon tarkoitettu kappale.

Muut kirjoitukset

Keskustelu- ja kommenttipuheenvuorojen,
kirja-arvostelujen, ilmoituksien ja matkakerto-
muksien julkaisemisesta paattaa toimituskun-
ta.

Kirjoitusten ulkoasu

Tarkemmat ohjeet kasikirjoitusten ulkoasus-
ta julkaistaan kunkin vuoden ensimmaisessa
numerossa. Ohjeita on saatavissa toimituk-
sesta.



SILVA FENNICA

1992, Vol. 26 N:o 4

oS 3}»,

9,

sv.lg,
“s FENT

-
ORpgtTN

Kytd, M. Lygus bugs as agents of growth disorders in permethrin-treated
pine seedlings in regeneration areas. Tiivistelma: Niittyluteiden merkitys
permetriinilld k&siteltyjen mannyntaimien kasvuhairididen aiheuttajana
uudistusaloilla.

Haapanen, M. Effect of plot size and shape on the efficiency of progeny
tests. Tiivistelma: Koeruudun koon ja muodon vaikutus jalkelaiskokeiden
tehokkuuteen.

Penttinen, M. & Kinnunen, M. Profitability of forestry in jointly-owned
forests of Northeastern Finland and Lapland. Tiivistelma: Metsatalouden
kannattavuus Koillis-Suomen ja Lapin yhteismetsissa.

Pukkala, T., Karsikko, J. & Kolstrom, T. A spatial model for the diame-
ter of thickest branch of Scots pine. Tiivistelma: Spatiaalinen malli man-
nyn paksuimman oksan lapimitalle.

Korhonen, K.T. Calibration of upper diameter models in large-scale
forest inventory. Tiivistelma: Ylalapimittamallien kalibrointi suuralueen
metsaninventoinnissa.

Nousiainen, I. & Pukkala, T. Use of computer graphics for predicting the
amenity of forest trails. Tiivistelma: Tietokonegrafiikan kayttékelpoisuus
metsapolkujen ulkoilu- ja maisemaominaisuuksien ennustamisessa.

191-200

201-209

211-217

219-230

231-239

241-250

ISSN 0037-5330

9 "770037"533017

\Il

Kirjapaino Oma Ky, Jyvaskyla





