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Commercial forest plantations have long been an important component of
the New Zealand economy. Increasingly, international tourism also provides
significant economic benefits. In some locations the effects of forest man-
agement have come in conflict with the landscape visual quality expecta-
tions of tourists, as well as arousing considerable negative response from
local residents and from New Zealanders who visit forest areas for recrea-
tional pursuits. Responsible plantation management and specific provisions
of New Zealand’s Resource Management Act require careful balance among
economic, environmental and aesthetic effects. Computer models for pro-
jecting plantation growth and economic models that schedule harvests to
optimize net monetary benefits were combined to estimate the economic
benefits associated with four possible management scenarios for a multiple-
stand forest site. Using a combination of GIS, analytic data visualization
(SmartForest) and digital video (photographic) imaging tools, visualizations
were created for each of the four management scenarios. Visualizations were
incorporated into a perceptual survey experiment to be presented over the
WWW. Participants in the experimental survey are presented with
visualizations in pairs, and record preferences on the basis of “perceived
scenic quality.” Subsequently the same respondents see composite
visualizations along with printed information about the economic effects of
each alternative and indicate which alternatives provide the best “overall
outcome,” considering both economic and visual aesthetic factors. Results
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to date confirm the potential for integrating forest growth and economic
models with data visualization techniques to obtain valid measures of public
preferences for alternative management alternatives. The perceptual survey
experiment is continuing on the WWW, with several content and procedural
parameters being systematically varied and evaluated.

� �������	
�
A successful forest industry based on
intensively managed Pinus radiata
plantations has been part of the New
Zealand agricultural economy for
over 30 years. Currently the 1.5 mil-
lion hectares of plantation forest is
the third ranking contributor to the
New Zealand economy. Forest prod-
ucts have a market value in excess
of $2.6 billion (NZ) annually and
provide employment for twenty eight
thousand people. Typically, manage-
ment options involve mechanical
and/or chemical site preparation and
planting of genetically improved
seedlings, followed progressively by
thinning and pruning, and then clear-
fell harvesting within rotation inter-
vals of approximately 20 to 30 years
(McLaren 1993).

Forest plantations are also impor-
tant to the scenic beauty of the New
Zealand landscape, a key contribu-
tor to the quality of outdoor recrea-
tion experiences and to a growing
tourism industry. Commercial for-
estry practices, especially large scale
clear cutting and site preparation
practices, are encountering increas-
ing objections from tourists, recrea-
tion visitors and from more sensitive
local residents, particularly in areas
with high visibility and use.

The responsibilities of the com-
mercial forest industry for visual/aes-
thetic value protection have been

unclear in New Zealand’s past. Nev-
ertheless, forest managers have his-
torically forgone scheduled harvests
in some visually sensitive areas or
have used techniques such as land-
scape screening and amenity plant-
ing in an effort to mitigate visual ef-
fects and maintain desirable public
relations (Lucas 1987, Moore et al.
1991, Sissons and Conway 1991,
Tasman District Council 1997). The
more recent dedication of the forest
industry in New Zealand to the im-
provement of visual environmental
quality can be largely attributed to
the Resource Management Act
(RMA, Parliament of New Zealand
1991), where aesthetic protection is
specifically required. Thus, the pro-
vision of tools capable of effectively
projecting and assessing the visual
aesthetic consequences of alternative
forestry practices is essential for the
modern forest manager to aid the
development of appropriate policies
and practices, and presents a chal-
lenge for researchers.

The RMA controls activities such
as use, development or protection of
the natural and physical resources of
New Zealand. The Act strongly em-
phasizes the investigation of the ef-
fects of proposed activities, rather
than prescribing which activities
shall or shall not be allowed. It in-
cludes the ethnic philosophy of
Kaitiakitanga – the exercise of
guardianship of the land and, in re-
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lation to a resource, includes the ethic
of stewardship based on the nature
of the resource itself. In addition to
consideration of effects, any mitiga-
tion efforts must be communicated
clearly among the forest operator,
regulatory authorities and other in-
terested parties.

The reasons for public objections
to commercial forestry practices are
diverse and complex, but visual im-
pacts are a substantial contributor
(Kilvert and Hartsough 1993).
Abrupt alterations of scenic environ-
mental settings (Thompson and
Weston 1994) may pose direct threats
to tourist and recreation industries,
as well as residents’ environmental
quality expectations. In addition,
visual effects often precipitate pub-
lic concern for other potential envi-
ronmental and cultural impacts.

Generally the public are able to
readily identify visual change in the
landscape (Benson and Ullrich 1981,
Swaffield 1994, Kilvert 1995a,
1995b) and visual images are con-
sidered an excellent and valid me-
dium for communicating the effects
of forestry operations to the public
(Daniel and Boster 1976, Daniel et
al. 1990, Orland 1988, 1992). The
idea of using computer-generated
images calibrated to known resource
attributes to derive human values is
not a new one. Malm et al. (1981)
used image-processing techniques to
develop images of air pollution
plumes in the Grand Canyon (USA).
Plume parameters were based on the
output of numerical models of atmos-
pheric dispersion of visible pollutants
from regional sources. The images
were used in surveys to determine
human perceptions and evaluations

of the scenic impacts predicted for
an array of air pollution scenarios
potentially affecting views in the
Canyon. This study established the
effectiveness of computer imaging
techniques, but used computing re-
sources beyond the means of typical
natural resource agencies. Subse-
quent studies have developed and
used techniques available on more
widely available personal computer
platforms. Examples in the forestry
context include Baker and Rabin’s
(1988) study of the visual effects of
limb rust damage, the Orland et al.
(1993) study of the impacts of bark
beetle damage and silvicultural pre-
scriptions in high-elevation spruce
forests, Orland, Daniel and Haider’s
(1994) application to the visualisa-
tion of forest harvesting alternatives
in Northern Ontario (Canada), and
visualizations of alternative commer-
cial forest management practices in
New Zealand (Thorn et al. 1997).

The above and additional studies
have shown the effectiveness of com-
puter visualizations for representing
the visual implications of natural and
management-induced changes in for-
est landscapes. When these visual-
izations are incorporated into care-
fully designed perceptual survey pro-
cedures, quantitative measures of
public preferences for alternative
future forest conditions can be ob-
tained. Critical to the reliability and
validity of these measures of public
perception and preference are 1) ac-
curate projection of the visually rel-
evant bio-physical changes in forest
conditions associated with each stud-
ied management alternative; 2) ac-
curate translation of projected bio-
physical changes into realistic visual
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representations; and 3) a survey de-
sign that employs appropriate psy-
chometric procedures and analyses,
respondent population sampling, and
a relevant judgement context (e.g.
Brown & Daniel 1987). Even when
these criteria are met, however, the
public preference indices that result
only address the visual/scenic fea-
tures of the alternatives considered.
That is, when respondents are lim-
ited to a visual representation of the
alternatives, their expressed prefer-
ences should not be taken to repre-
sent evaluations of non-visual as-
pects of the alternatives represented
(such as environmental or economic
consequences).

Forest management decisions (as
all significant environmental man-
agement actions) have multiple con-
sequences. While visual/aesthetic
effects are universally recognized as
important, and visualization-percep-
tual survey techniques have success-
fully addressed this environmental
value dimension, a larger question is
how visual effects should be “traded-
off” with other important effects in
the selection of environmental man-
agement alternatives. The study de-
scribed here presents an initial inves-
tigation of methods to combine visu-
alization and perceptual survey

methods with more conventional ver-
bal survey techniques to determine
how public audiences combine
visual-aesthetic concerns with eco-
nomic objectives in deciding the
“overall” preferability of forest man-
agement alternatives. In particular,
the long term value of the forest es-
tate (expressed as present net worth)
and employment related statistics
(number of full-time equivalent jobs)
were modeled for a set of New Zea-
land forest plantation management
alternatives. These economic indica-
tors are presented in conjunction with
visualizations of the same alterna-
tives to both New Zealand and inter-
national survey participants over the
WWW. Participants express prefer-
ences among alternatives, based on
scenic values alone and (separately)
on the combination of scenic and
economic effects.

� 
�����
A panoramic landscape scene was
chosen to represent typical forest
conditions in New Zealand (Thorne
et al. 1997, see Figure 1).

The selected scene was located in
the Golden Downs Forest near Nel-
son, NZ. The terrain within the study
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viewshed was moderately complex,
with the view extending across a roll-
ing valley bottom then rising in the
background to a steep valley side.
Multiple stands of radiata and
contorta pine, with a range of age
classes formed the production forest
cover. Forest harvesting plans for the
landscape scene were developed in
consultation with forest managers.
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Individual scenarios for forest har-
vest and re-establishment were de-
veloped within constraints imposed
by conventional forestry practices,
including species selection, silvi-
cultural optimisations, roading and
hauler locations and ecological,
riparian margin and landscape design
considerations. Four different land-
scape management scenarios were
created by varying combinations of
harvest timing, cutting block shapes
and sizes and site preparation and
planting practices. Each scenario was
developed in detail and represented
by a series of maps designating
which components of the scenario
were to be implemented at each of 5
temporal stages. The four manage-
ment scenarios were: 1) a “standard
practice” (coded STD harvest se-
quence and pattern; 2) the standard
scenario modified slightly to accom-
modate ecological and environmen-
tal considerations (STD-ENV), prin-
cipally by leaving uncut strips along
streams; 3) a variation from the
standard practice (VAR) that breaks
the scene up into smaller cutting
blocks with less regular boundaries;
and 4) a modification of the VAR

scenario to include the buffer strips
along the streams for ecological and
environmental considerations (coded
VAR-ENV).
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The New Zealand forest industry
uses sophisticated forest manage-
ment decision support systems (DSS)
for growth and yield predictions,
valuation and estate modelling. For
our study, future forest stand condi-
tions under each of the four manage-
ment scenarios were predicted using
STANDPAK (Whiteside 1990), a
DSS designed to model individual
stand growth and yield while opti-
mising silvicultural management al-
ternatives. A specific silvicultural
regime was determined for radiata
pine (Pinus radiata D. Don) and for
Douglas fir (Pseudosuga menzesii)
and held constant over the modelling
exercise.

Silvicultural regimes consistent
with expected future management
schemes and log product classes
were developed in consultation with
silvicultural foresters. The radiata
pine regime was specified as: plant
600–700 stems per hectare of GF25-
28 tissue cultured seedlings with two
pruning lifts at an age of 6–7 years
to a height of 2–3 m for 350–400
selected stems and a further lift at age
8–9 to 6 m for 250 selected stems,
followed by thinning to 300–350
stems/ha at 8–9 years. The Douglas
fir regime was defined as planting 1
200 stems per hectare, followed by
a sequence of pruning at age 11, 12
and 13 and a thinning at 17 years on
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mean top height basis to 500 stems
per hectare.
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To establish the changing forest
value as the individual scenarios
were sequentially harvested and re-
established and subjected to silvi-
cultural operations, models were de-
veloped for each of the four scenarios
within the FOLPI (Forestry-Oriented
Linear Programming Interpreter) es-
tate modelling system (Garcia,
1984). This modelling system has
been used in a wide range of forestry
applications and has evolved in re-
sponse to experience gained while
assessing long-term strategic and tac-
tical planning over a time horizon of
60-90 years (Manley et al. 1991).
FOLPI analysis enables yield regu-
lation, management strategy evalua-
tion, processing plant scenario evalu-
ation, investment analysis and forest
valuation leading to the determina-
tion of the optimum strategy for har-
vest sequence and rotation length. By
constraining harvest ages to comply
with each landscape management
scenario harvest sequence, and al-
lowing optimisation of the subse-
quent rotations until the year 2055
we were able to predict the NPV
(based on a 60-year modeled life) for
each of the scenarios. This extended
model period was needed to portray
the full economic implications of the
different plans, at least through two
full crop rotations. A discount rate of
8 percent was used to estimate NPV
associated with the time steps/stages
(1996, 1998, 1999, 2008, 2012, and

2016) associated with the visual-
izations. The NPV may be inter-
preted as the “price” one would ex-
pect to pay at the indicated time for
the future economic benefits (rev-
enues minus costs, discounted at a
rate of 8 %) associated with the re-
spective management options.

The FOLPI estate model system
normally uses linear programming to
find an optimal management strat-
egy, by maximising the specified
objective subject to user-defined con-
straints. Because of our requirement
to mimic the pre-determined strate-
gies we utilised the system as a simu-
lator by constructing four models,
corresponding to the four scenarios.
A separate data file was required for
each, incorporating the yield tables
for the existing stands and those for
the stands to be established under the
relevant planting plan. In each case,
constraints were entered to ensure
that the existing stands would be har-
vested at the correct time, and the
appropriate areas would be re-
planted.

FOLPI uses the concept of the
croptype as the basis for modeling,
where a croptype is an aggregation
of forest stands which may differ in
age and time of harvest, but are re-
garded as uniform with respect to
future silviculture, yield production
and the associated streams of inputs
and outputs. In this case, aggregation
was not required as the croptypes
were defined by the management
units assumed under each cutting and
planting plan.

Data requirements for each crop-
type (Table 1) were assembled as
follows:
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Area
An age class distribution is required
for each croptype. For croptypes rep-
resented in the cutting plan, the cur-
rent area was determined from the
GIS analysis used to establish the
stand boundaries. Stand age was de-
termined for the forest managers’
database. The area for croptypes
which represented stands to be
planted in the future was set to zero.

Yield table
A yield table was derived for each
current and future stand using the
stand prediction model, STANDPAK
(Whiteside 1990). STANDPAK gen-
erates medium to long-term predic-
tions by simulating growth, harvest-

ing and processing on a stand basis.
For this exercise, STANDPAK was
used to generate yield tables, for
radiata pine and Douglas fir. There
was no differentiation in growth be-
tween stands of the same species. As
all four scenarios assumed that the
Pinus contorta stands would be
felled and replanted to Douglas fir
in the first year, a simple yield table
was constructed for these stands
which assumed a) a yield of half the
radiata yield at the equivalent age,
and b) only pulp logs produced.

Costs and labour
Labour requirements for and costs of
silvicultural operations (Table 2) are
generalised values for New Zealand
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1XPEHU�RI�FURSW\SHV

6FHQDULR &XW�3ODQ

FURSW\SHV

3ODQWLQJ�SODQ

FURSW\SHV

7RWDO

FURSW\SHV

(F 13 18 31
(H 13 32 45
9L 14 26 40
9H 14 37 51

�����������	
$JH 2SHUDWLRQ &RVW����KD� /DERXU��GD\V�KD�

0 Planting (including seedlings) 960 1.2
6 Prune 300 2.5
8 Prune 350 1.9
9 Thin 160 2.2
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$JH 2SHUDWLRQ &RVW����KD� /DERXU��GD\V�KD�

0 Planting (including seedlings) 1 100 2.0
11 Prune 400 3.4
12 Prune 360 2.4
13 Prune 300 3.1
17 Thin 180 1.6
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which in practice may vary on a re-
gional basis in response to factors
such as terrain and hindrance
(Knowles et al. 1996, Hjortsø 1997,
West, pers. comm.). The values used
for Douglas fir regimes have been
adapted from high stocking radiata
pine regimes, while those used for
radiata are from the low stocking re-
gime.

Log prices
Expected stumpage prices for the
five log grades (Table 3), predicted

by the STANDPAK modelling runs,
were determined in consultation with
the forest managers.

�	� ���
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Forest value (NPV) was generally
lowest for the two “standard” sce-
narios during the time steps that were
visualised (Table 4). This is prima-
rily the result of the early harvest at
age 20 years of the foreground stand,
in contrast to the optimum harvest
age for the region of 28 years.
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$JH 3UXQHG 6�6� 6�/� /�/� 3XOS

1 to 24 48 68 68 68 68
25 to 26 68
27 to 28 88
29 on 108
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$JH 3UXQHG 6�6� 6�/� /�/� 3XOS

1 to 38 86 86 86 86 86
39 to 42 106
43 on 126

�����������
����
��	�
$JH 3UXQHG 6�6� 6�/� /�/� 3XOS

All 68 68 68 68 68

6FHQDULR 67' 67'�(19 9$5 9$5�(19

<HDU

���� $5,781,647 $5,724,136 $5,824,358 $5,763,977
���� $5,472,465 $5,401,107 $4,610,234 $4,531,024
���� $1,775,413 $1,687,051 $3,595,241 $3,506,470
���� $3,556,029 $3,378,028 $3,797,067 $3,611,672
���� $1,635,826 $1,393,594 $5,171,178 $4,918,482
���� $2,237,832 $1,906,921 $2,503,507 $2,158,657
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The variation scenarios resulted
in somewhat greater and more sta-
ble estate values over the simulation
period, which is linked to the multi-
ple harvest of smaller stand units and
the optimisation of harvest to more
mature stands.
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The employment factor assumed was
0.0002 FTE/m3, where FTE = Full
Time Equivalent based on 235 days/
year and 8 hours/day (Hjortsø 1997).
Total FTE employment was com-
puted for each of the four manage-
ment scenarios.

Projected employment opportu-
nity over the simulation period (Fig-
ure 2) is strongly linked to silvi-

cultural operation and driven by the
area of treatment within the year.
Thus the employment opportunities
for the STD-ENV and VAR-ENV
scenarios are slightly less due to re-
ductions in harvest area through re-
tirement of riparian margin areas and
the area above an altitude of 850 m
which is considered unproductive.

The similarity of the pattern of
employment requirements for the
two standard scenarios and for the
two variation scenarios, respectively,
is due to both pairs of simulations
utilising the same basic harvest strat-
egy. Comparisons with the associated
“environmental” scenario for each
basic plan indicate the loss of jobs
due to the small riparian areas ex-
cluded from the harvest. While the
differences are not large for this

��������	�
�
/����������
������
��
���������,,-0�.11��
��������������������2
������������
�	

67'��������)7( 67'�(19������

(F

0

2

4

6

8

10

12

14

16

19
96

20
55

<HDU

(P
SOR
\P
HQ
W��
)7
(�

(H

0

2

4

6

8

10

12

14

19
96

20
55

<HDU

(P
SOR
\P
HQ
W��
)7
(�

9$5��������)7( 9$5�(19��������)7(
9L

0

2

4

6

8

10

12

14

16

19
96

20
55

<HDU

(P
SOR
\P
HQ
W��
)7
(�

9H

0

2

4

6

8

10

12

14

19
96

20
55

<HDU

(P
SOR
\P
HQ
W��
)7
(�



�


��������	�
���
����	�� ��
����	�	��
��	�
�	�
��������	��	���������
����

small study area, each scenario pro-
jected an unique labour requirement
for the simulation period, and the
differences might be quite significant
if projected for the much larger New
Zealand forest estate.

�	% �����������������
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Each of the four harvesting plans and
their respective projected future plan-
tation conditions were mapped and
entered as layers in a GIS data base.
This database was used to direct the
visualization process. Standard per-
spective view routines in GIS do not
adequately display the height of “lay-
ers” of trees on the landscape so that
visibility can be verified, and the
thickness of linear graphical ele-
ments is such that boundaries seen
at oblique angles cannot be differen-
tiated. In our study a great number
of attributes needed to be accurately
represented visually, but equally sig-
nificant was the interaction of those
attributes in the visual display. For
example, the size of a forest cutting
operation cannot be separated from
the forest type where it occurs, the
shape and location of the cut, what
is left as residual, or the amount of

regrowth after the cut. Thus, a spe-
cial software system was used to cre-
ate schematic analytic 3-D represen-
tations to match specifications from
the scenario prescriptions and to
verify the appropriate spatial rela-
tionships among the attributes to be
visualized at each stage of each of
the four management scenarios
modeled.

SmartForest II (Orland 1994) is
a landscape visualisation software
package capable of displaying a
schematic representation of tree den-
sity, size and homogeneity of stand
composition in correct visual per-
spective (Figure 3). The system was
designed for application to planning
forest landscapes at large scale, while
at the same time being able to de-
velop specific management strategies
at a small, tree-by-tree scale. Rapid
display of viewsheds and the capa-
bility to move viewpoints within the
“scene” data space makes the tool
eminently suitable for landscape
planning applications. The software
requires a workstation platform and
is available via the World Wide Web
at http://imlab9.landarch.uiuc.edu/
SF/SF.html.
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http://imlab9.landarch.uiuc.edu/smartforest/index.html
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Source data for the SmartForest
II modeling was compiled from sev-
eral sources (Thorn et al. 1997). A
digital elevation model (DEM) was
generated from elevation data stored
as contour coverages in a GIS, ARC/
INFO® (ESRI, 1991) to provide
topographical data for creating the
landform features. Location and
shape of stand boundaries for each
of the landscape management sce-
narios were developed using
TerraSoft® GIS (PCI, 1996) before
being translated to ARC/INFO®
stand boundary coverages. Records
of the vegetation to place in each
stand cell location were generated for
each age class to be represented in
the visualisations (0, 2, 3, 8, 10, 20
years). Growth at each stage was
modeled with STANDPAK software
for each management alternative.

SmartForest II is effective at
showing significant structural
changes in canopy configuration,
such as edge conditions created in
harvesting and the effects of near-
view tree growth on visibility (or
screening) of more distant stands.
Through use of false colour, non-vis-
ible characteristics such as size class,
age, species distribution and silvi-
cultural history of trees/stands can
also be shown. SmartForest II visual-
isations were stepped through the
modeled time sequences to generate
analytical simulations for each stage
of all four management scenarios.
The analytical simulations (Orland et
al. 1997) provided geographically
rectified templates to guide photo-
realistic image editing. This ap-
proach provided a data driven and
defensible linkage between land-
form, forest cover, and forest man-

agement effects displayed in the fi-
nal visualization products.

�	& '������������������$
An important step toward creation of
the final visualizations was to de-
velop a library of imagery represent-
ing forest conditions (harvest, site
preparation, planting, thinning, prun-
ing and regrowth) that would be
components in the visualizations.
Care was taken to collect images for
the library that were photographed
from a similar viewpoint, aspect and
distance as the selected simulation
scene. During the spring of 1994
more than three thousand photos of
forest conditions were collected
around Golden Downs and Rai For-
ests near Nelson, and Whakare-
warewa Forest near Rotorua.

Images were collected in the field
as 35 mm color slides using a hand-
held Nikon 8008 with autofocus and
auto exposure. The majority of pho-
tos were taken at a 50-mm focal
length setting. A moderate telephoto
lens of 85-mm focal length was used
at times for finer detail. The film was
Kodak Ektachrome Elite, a 100 ASA
semi-professional colour film with
good colour rendition. A polarising
filter was used at all times and cam-
era direction of view was, to the ex-
tent possible, held between 15 and
60 degrees of a line directly oppos-
ing sun bearing. These latter two
measures were to maximise colour
saturation. Three hundred images
were selected from the entire set
based on an appraisal of image qual-
ity as well as suitability for filling the
experimental design requirements.
These source images were trans-
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ferred to Photo-CD format using
commercial processing by Kodak.
Source images were stored at a reso-
lution of 768 x 512 pixels with 24-
bit colour depth, a compromise be-
tween quality needed and the size and
concomitant complexity of the large
image database. All images under-
went histogram equalisation to
achieve the best consistent contrast
and colouration throughout the im-
age set as it was clear at the outset
that the study design would necessi-
tate considerable image editing and
the use of an extensive source image
library. Adobe Photoshop™ software
on Apple Macintosh computers was
used for image manipulation. Orland
(1988, 1993) has described the evo-
lution of typical uses of these tools,
the basic techniques, and issues of
image validity and utility.
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The assembly of the final visual-
izations was a guided artistic proc-
ess of taking appropriate image com-
ponents from the source imagery
files and combining them in the ini-

tial panoramic scene to fit the
SmartForest II 3-D analytic tem-
plates. The templates assure geo-
graphic accuracy in the represented
features, but the choice of specific
image elements (instances of harvest,
site preparation, etc) is largely up to
the expert judgment of the visuali-
zation creators. A team of experi-
enced Forest Research Institute and
industry scientists and managers
evaluated and critiqued each genera-
tion of the visualizations. Indicated
modifications were then made and
the revised visualizations were re-
evaluated. This process was repeated
until acceptable representations of
the four management scenarios were
achieved (Figure 4).
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An important component of the New
Zealand studies was to validate the
visualization process by monitoring
the progress of harvest and other
management actions actually imple-
mented. The planned approach was
to implement one of the simulated
management alternatives and then
compare actual photographs taken at
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the end of each stage of operations
to the projected visualizations of
those same stages. In the end, be-
cause of business and other practi-
cal considerations the management
procedures implemented and the
temporal staging did not exactly
match any of the simulated plans.
However, as Figure 5 shows, the
visualizations of projected conditions
are clearly comparable to the actual
conditions. Comparisons will con-
tinue in future years, but the indica-
tion is that the visualizations created
to represent the four management
alternatives are valid representations
of actual conditions that would oc-
cur if those plans were implemented
on the study site.

In the final visualizations, each
management scenario was repre-
sented by a set of six panoramic im-
ages. The first image showed the pro-
jected effects immediately after the
initial operations on the study site
(modeled as 1996) followed by rep-
resentations of forest conditions pro-
jected for subsequent stages at years
1998, 1999, 2008, and 2012. The fi-
nal stage (2016) showed full canopy
closure over the scene, with distinc-

tions among the regrown stands vis-
ible only as subtle texture differ-
ences.
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The visualizations and the economic
data for each of the four scenarios
will be combined into a three-part
perceptual survey. In the first part
participants are presented with pairs
of individual panorama scenes and
are instructed to choose the scene that
they judge to provide the “best sce-
nic quality.” Pairs always contrast
two management scenarios, each at
the same stage of their respective
management plans. In the second
part of the experimental survey each
management alternative is repre-
sented by a five-scene set, as illus-
trated in Figure 6.

In this second part of the survey
experiment participants choose the
member of each pair that provides
the “best overall scenic quality,” con-
sidering all represented stages of
management. In the final part of the
survey, the same four scene sets are
presented again, but with the appro-
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Actual Photograph of New Zealand Study Site   1998



��

��������	�
���
����	�� ��
����	�	��
��	�
�	�
��������	��	���������
����

priate economic data (present net
worth calculated for 1998 and/or to-
tal FTE jobs over the model period)
printed under each alternative. Par-
ticipants are instructed to choose the
member of each pair that provides
the “best overall results, taking both
scenic quality and economic benefits
into consideration.”

The introduction to the experi-
mental survey briefly reviews key
aspects of New Zealand forestry,
emphasizing that coniferous trees
(“pines”) are “exotic” species that are
typically grown in commercial plan-
tations for the purpose of producing
material for wood and paper prod-
ucts. The importance of forest plan-
tations to the New Zealand economy
is noted, as well as the role of the
plantation forests as a significant sce-
nic component of the landscape. It is

explained that New Zealand law re-
quires the management and harvest
of forest plantations to take a number
of environmental and social effects
into consideration. In particular ef-
fects on visual aesthetics, an impor-
tant contributor to quality of experi-
ence for tourists and for New Zea-
land residents who live or recreate
in the vicinity of these plantations,
must be considered.

The background instructions also
point out that economic and environ-
mental effects of forest management
are typically measured and control-
led by appropriate scientific and
technical analyses, but that the sce-
nic quality component requires the
participation of people like them-
selves. Respondents are told that the
judgments that they make in the sur-
vey will be very helpful in identify-
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ing what visual effects of plantation
forest management are the most (and
least) preferred by people who view
these landscapes. It is emphasized in
these components of the survey that
respondents should only consider the
scenic quality differences among the
alternatives presented, as the other
factors were being assessed by other
methods.

Immediately before the third and
final part of the experimental survey
participants are told that we needed
their help in determining the best
“combination of visual and economic
effects.” They are instructed that,
unlike the earlier parts of the ques-
tionnaire, they should consider both
scenic and economic effects of each
alternative and choose that alterna-
tive that achieves the “best balance”
of effects.

�	
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The perceptual survey is being im-
plemented as a continuous experi-
ment on the WWW at http://
ag.arizona.edu/EPLab/.            The
goal is to sample participants from
throughout New Zealand, as well as
interested individuals elsewhere in
the world – with the latter assumed
to represent potential international
tourists who might visit the country
and see the results of the forest plan-
tation management practices similar
to those represented in this study.
Readers are invited to review the
survey, and the full set of visual-
izations at the address shown above.
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