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This study proposes a new approach to assess the aesthetic quality
of forest areas using false color infrared aerial photographs and im-
age analysis techniques. The proposed approach is applied to open
evergreen woodlands in Portugal, which are dominated by Q. ilex
subsp. rotundifolia. Aesthetic quality is assessed using the follow-
ing indicators: spatial pattern, crown condition, percent crown cover,
and a tree mortality index. Results suggest a number of these indica-
tors, including spatial patterns, crown conditions, and percent crown
cover, can quickly and efficiently be assessed using readily available
aerial photography databases. The proposed method is especially
useful for large-scale field surveys that may precede more detailed
field assessments of specific areas.
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1. Introduction

Maintaining non-market outputs from a forest landscape, such as bio-
diversity, water quality, soil retention, and aesthetic values, is becoming
as important as producing timber for economic purposes. Scientists,
policymakers, and citizens at large increasingly recognize the impor-
tance of non-timber outputs from forest ecosystems. Aesthetics play
an increasingly prominent role in this conversation, especially as society
places greater value on recreational activities in forested landscapes.

A forest aesthetic quality assessment, or forest landscape quality as-
sessment, is a complex process that considers visual, cultural, and so-
cial factors. Evaluation can be complicated by the interrelated nature
of these indicators. For example, changes in traditional forest man-
agement practices (a cultural factor) can also impact the appearance
(visual aspect) of a forest landscape. Surveying public preference is
one way of assessing forest or landscape aesthetic quality. There are
a variety of terms used in the literature to describe the social orien-
tation to landscape aesthetics, including “aesthetic response to land-
scape” (Herzog, 1984); “rating of scenic beauty” (Arthur, 1977); “visual
landscape perception” (Jacobsen, 2007); “perception of scenic quality”
(Ribe and Matteson, 2002); and “landscape preferences” (Tveit, 2009).

Bourassa (1991) suggests landscape preferences are in part deter-
mined by genetics and further affected by cultural orientation and per-
sonal experience. Due to our common evolutionary history, there may
exist a common set of landscape features that are preferred across cul-
tures and personal preferences. That is, even if cultural and personal
differences impact landscape preferences, it may still be possible to
identify some commonalities. Most landscape aesthetic quality assess-
ments use indicators principally based on visual aspects of the land-
scape (Tveit et al., 2006). A review of the landscape aesthetic litera-

ture identified nine key concepts (a full review can be found in Tveit et
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al., 2006), which can be viewed as commonalities that may transcend
cultural and personal differences. It is possible to derive relevant in-
dicators for a specific landscape from these key concepts, recognizing
that they vary depending on the landscape type (Tveit et al., 2006). Al-
though there are characteristics common to all landscapes, particular
forests may have unique features associated with aesthetic apprecia-
tion. Ode et al. (2008) extended the work completed by Tveit et al.
(2006), introducing steps for developing measurable visual indicators.
They suggest these indicators should be selected according to a clear
theoretical framework, that they should be quantifiable, mappable, and
relevant to the context, and that data should be available to measure
them. Some of these indicators are interrelated, while others may be
independent.

Mapping the aesthetic quality of forests provides a means to capture
social values in much the same way economic values, such as stand
density or volume, may be measured (Brown, 2005). Aesthetic quality
maps can also be used to identify hot spots where restoration or preser-
vation needs may warrant special attention from land managers (Alessa
et al., 2008). Such maps are also integral to management plans, which
must increasingly consider social values (Reed and Brown, 2003). To ef-
ficiently create these maps—to assign different levels of aesthetic value
to forests over space—we need a tool and a methodology for spatial aes-
thetic quality assessment that is consistent with common preferences
for a given forest landscape.

In this paper, we define aesthetic quality as the value of the visual
and cultural aspects of a forest stand. We consider two layers of map-
pable indicators. The first is represented by indicators that can be
directly observed and are derived from a) general concepts for assess-
ment of aesthetic quality, and b) regionally-specific visual and cultural

factors. The second layer contains a tree mortality index derived from
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infrared aerial photographs. Tree mortality is often difficult to observe
directly in the field, but will eventually become visible and influence
the aesthetic value of a stand.

In this paper we propose a new approach to assess the aesthetic
quality of forest areas using false color infrared aerial photographs and
image analysis techniques. The resulting maps are an accessible and
affordable data source available to land managers and the research com-
munity. The proposed approach includes a) identification of relevant
indicators for forest aesthetic quality, and b) development of a method-

ology to apply the indicators to an assessment of aerial photographs.

2. Methods

The methodological framework requires a) identification of appropri-
ate aesthetic quality indicators for a specific forest, and b) the appro-
priate application of image processing techniques to aerial photographs.
Aesthetic quality indicators were identified from general knowledge
about landscape aesthetics, research from regional studies about land-
scape preferences, and studies on the aesthetic impacts of various forest
management regimes. These indicators were then used to assess false
color infrared aerial photographs using image processing techniques and

expert evaluation.

2.1 Study Area

The study was conducted in holm oak (Quercus Ilex subsp. rotun-
difolia Lam.) forest stands near Evora in Southern Portugal. The
analysis was performed in those areas covered by both pure and mixed
holm oak forest stands. Holm oak is a drought tolerant, medium-size
tree that grows 20—27m tall with finely square-fissured blackish bark
and leathery evergreen leaves. Average stand density and tree crown

cover is about 30 trees per ha and 21%, respectively (Carreiras et al.,
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2006). The understory consists of herbaceous annuals and legumes in-
vaded by shrubs, mainly Cistus salviifolius L. The climate in the area
is Mediterranean, with hot, dry summers and moderate, rainy winters
(Lionello, 2012). The soil has a maximum depth of about 1m, overlying
granite bedrock, and displays generally low water retention capacity.

Holm oak forests are dominant on the Iberian Peninsula, as well as
within the Mediterranean basin as a whole. They are managed pri-
marily for the production of acorns to feed livestock and for fuelwood.
Natural regeneration of holm oak forests has been severely impacted by
human transformation. Today, holm oak forests cover 20,000-30,000
km? on the Iberian Peninsula, whereas without human development
holm oak could potentially cover as much as 300,000 km?. Most of
today’s holm oak forests and woodlands are disturbed and fragmented
into small islands and mosaics (Blanco et al., 1997).

Holm oak is mainly concentrated in the drier, eastern inland regions
of Portugal, as opposed to Cork oak (Quercus suber L.), which is con-
centrated more in the western part of the country influenced by an
oceanic climate. In the lowlands of Central Spain and of Southern Por-
tugal a distinct kind of land management led to the transformation of
dense natural forests into extensive “park-like” landscapes. These park-
like areas, called “montado” in Portugal and “dehesas” in Spain, are
distinguished in terms of their systematic combination of agricultural,
pastoral, and forestry uses. The cork oak and holm oak are dominant
tree species in the montado.

The montado have been identified by European Union directive 92/43
as a natural habitat type of worldwide significance for the conservation
of globally endangered species. Moreover, maintaining the montado is
important for the preservation of natural resources, including soil and
water, the regional production of corn and livestock, and for its amenity

values.
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2.2 Basis for the Indicators

2.2.1 General Concepts for Assessment of Landscape Aesthet-
ics

Six of the original nine concepts for landscape visual quality assess-
ment (Ode et al., 2008) are applicable to aerial assessment of forest
stands. Those six include complexity, coherence, stewardship, visual
scale, naturalness, and disturbance.

1) The concept of complexity relates to the diversity and richness of
forest elements or patterns. Indicators of complexity include the num-
ber of different forest attributes, their spatial uniqueness, and variabil-
ity across the landscape.

2) The concept of coherence focuses principally on the presence of
water and spatial arrangement of vegetation. Coherence also includes
colors and textures across the landscape.

3) The concept of stewardship refers to the type and degree of active
management, and its impact on aesthetic characteristics of a forest
stand. Principle indicators mentioned in the literature include the type
of management activities and current successional stage of a stand.
Crown condition is an important factor—full foliage of holm oaks has
no apparent crown transparency when observed on aerial photographs.
High crown transparency is considered to have a negative visual impact,
reflecting intensive pruning or loss of foliage due to disturbance.

4) The concept of visual scale principally describes the degree of
openness in the landscape. Indicators include the percent of open land,
size and shape of the viewshed, and density of obstructing objects.

5) The concept of naturalness includes the percent of natural vege-
tation, the physical shape of vegetation, the current successional stage,
the percent of water, and the fractal and fragmentation indices.

6) The concept of disturbance refers to a lack of coherence. Indi-
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cators include forest attributes generally associated with known types
of disturbance, as well as clear visual signs of disturbance. To apply
these indicators, it is important to identify which forest elements or
characteristics are perceived as disturbance in a specific place.

The indicators for these six concepts are interrelated, such that
changes to a forest landscape may impact more than one concept at
the same time. Likewise, two or more concepts may have similar or
identical indicators.

Three additional concepts for landscape visual quality assessment
were not considered because their specific characteristics exceed the
scope of our stand-level analysis. These include historicity, imageabil-
ity, and ephemera.

7) The concept of historicity refers to the degree of historical richness
present in a forest. The holm oak montado is a traditional land use
system that has been in place for centuries and thus has significant
historical value.

8) The concept of imageability is the product of the total coordina-
tion of the landscape or its spatial elements. That is, it is the overall
uniqueness of the landscape such that it is distinguishable from other
landscapes and memorable to the observer. Most of the indicators re-
lated to spectacular, unique, and iconic elements cannot be estimated
using aerial photographs or land cover data—they require direct obser-
vation—though it may be possible to determine some indicators, such
as the density of potential viewpoints.

9) The concept of ephemera reflects landscape changes related to
season or weather. Ephemera can be measured by percent of area with
seasonal changing forests (e.g., broadleaf forests) and percent of water

with seasonal change.
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2.2.2 Regional Concepts — Landscape Preferences and Man-
agement Transitions

Regional information was taken from studies about landscape pref-
erences (Surovd and Pinto-Correia, 2008) and principal management
transitions (Pinto-Correia, 1993) in the studied forest. These two pre-
vious studies include overlapping visual and cultural information about

the montado.

Landscape Preferences

The 2008 landscape preference study (Surovd and Pinto-Correia)
showed that montado users preferred an irregular spatial pattern of
tree placement, as opposed to stands of regularly aligned trees. Irregu-
lar tree placement increases complexity and is perceived to reflect more
natural conditions, thereby increasing the degree of coherence. The
most preferred montado type had 10-60% crown cover.

The assessment also revealed users prefer full crown foliage. Respon-
dents suggested dense foliage created refreshing spaces and aestheti-
cally pleasing light contrasts. The presence of livestock was also highly

preferred by forest users.

Management Transitions

The 1993 study by Pinto-Correia highlights the visual consequences
of various management decisions in the montado. Intensification was
linked to reductions in tree density (10-20 trees per ha) and in in-
creased quantity of grazing animals. On the other side, extensification
was linked to dense stands with scrub with subsequent declined tree
management. In some areas both intensification and extensification can
be observed. The result is a mixed landscape with dense, inaccessible
stands adjacent to open, low density areas. Changes in management
patterns are causing a loss of traditional dispersed park-like spatial ar-

rangements, resulting in the appearance of diminished coherence and
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stewardship—an overall decrease in aesthetic quality.

2.2.3 Tree Mortality Index

Tree mortality is a serious concern in most of Portugal’s oak forests
(Ribeiro and Surovy, 2008). In this study we used the mortality in-
dex as an indicator of disturbance, identifying three levels of mortality
based on the density of dead trees in a given stand. This indicator
was mapped on a separate layer using infrared aerial photographs (tree
mortality is frequently undetectable on RGB images).

In summary, we defined five relevant and mappable indicators of
aesthetic quality in the study area. These include two indicators for
spatial tree patterns, indicators of crown condition and cover, and a
tree mortality index. Table 1 shows the relation between general and
regional concepts considered in this study and the associated indicators.
Note that some general concepts are interrelated and have common
indicators, while others (i.e., coherence and landscape preferences) have

several mappable indicators.

Table 1. Relation between general and regional concepts considered in
the study and the resultant indicators.

General concepts Regional concepts Indicators

. . spatial pattern of trees
coherence; stewardship management transitions
(dispersed vs agregated)

coherence; complexity spatial pattern of trees
landscape preferences . A2
and naturalness (irregular vs aligned)
disturbance landscape preferences crowns' condition B
visual scale landscape preferences percentage of crown cover C
disturbance trees mortality index D




1

64 Surova, D., Surovy, P., & Yoshimoto, A.

2.3 Image Analysis and Variable Assessment

The national land cover map of Portugal (COS, 2007) was used to
identify areas with pure or mixed holm oak stands. We used previ-
ously established methodology for automatic crown cover detection
(Surovy et al., 2004) and identification of tree mortality (mortality
index) (Ribeiro and Surovy, 2008). Crown cover was obtained through
automatic segmentation so that the total number of pixels belonging
to tree crowns divided by the total number of pixels in a given polygon
represents crown cover. The mortality index was calculated as the num-
ber of dead trees per hectare, weighted negatively by the crown cover.
The higher the crowns cover and lower the number of dead trees, the

higher the mortality index.

2.4 Qualitative and Quantitative Approaches to Visual Qual-
ity Assessment

The analysis resulted in two separate layers of information. The
first layer contained values related to observable indicators; the second
had values from the tree mortality index. The final value of overall
stand aesthetic quality is derived from these two values. The first layer
value results from the assessment of four indicators (Table 2)—spa-
tial tree pattern (indicators Al and A2), crown condition (indicator
B), and percent crown cover (C). These were evaluated for each forest
stand (polygon). Indicator Al is considered satisfied when the majority
of crowns (>50%) are spatially dispersed across the polygon. In this
case, the indicator receives one point. Otherwise, when the majority of
crowns overlaps and/or is adjacent to an open area with few trees, the
polygon receives no points. The second indicator reflects the spatial
pattern of trees (A2) by distinguishing irregular and aligned tree com-
position. Polygons where a majority of crowns (>50%) are distributed

irregularly are evaluated positively and receive one point. When a ma-
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jority of crowns (>50%) are distributed regularly, the polygon receives

no points.

Table 2. Description of aesthetic quality indicators for holm oak stands
and the type of analysis applied to aerial images.

Type of analysis

Indicators Highest value: 1 Lowest value: 0 applied on aerial

images

A1 spatial pattern of trees dispersed aggregated

A2 spatial pattern of trees irregular aligned expert visual
analysis

B crowns' condition no transparency transparency

C percentage of crown cover traditional (10-60%) other (<10%or>60%) computer analysis

D trees mortality index < regional average > regional average  combined analysis

The crown condition indicator (B) represents crown visual trans-
parency. One point is assigned when the majority (>50%) of crowns
in a stand have no visual transparency on aerial photographs. The
percentage of crown cover (indicator C) is calculated for each polygon
automatically using previously developed software for automatic crown
cover segmentation (Surovy et al., 2004). The highest value on the
visual scale indicator (one point) is attributed to stands with 10-60%
crown cover; otherwise, the polygon receives no points.

Based on evaluation of indicators Al, A2, B, and C, each polygon
receives an ordinal scaled value from 1 to 3. If none or only one indicator
is applicable, one point is assigned to the forest stand. When two or
three indicators are applicable, the stand receives two points. When
all four indicators are applicable, the stand receives three points.

The second layer contains information from the mortality index. This
quantitative evaluation is completed through automatic scaling for tree
mortality on forest stands at the individual tree level. The mortal-

ity scale is classified into three levels (1-low, 2-normal, 3-high) using
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an automatic (unsupervised) classification technique (ArcGis—Natural
Breaks, Jenks). Examples of stands with different values of visual qual-
ity are shown in Photos 1-3.

The final value assigned to describe a stand’s aesthetic quality is

derived from overlapping the two information layers (Table 3).

Table 3. Final aesthetic quality values for holm oak montado stands.

Layer 1 Layer 2 Final Layer
Observable Tree Aesthetic quality of
indicators Mortality Index forest stand
indicators A1,A2,Band C D A1,A2,B,CandD
1 1 1
1 2 2
1 3 3
2 1 4
values 2 2 5
2 3 6
3 1 7
3 2 8
3 3 9

Value of observable indicators: 1 - zero or one indicator reach highest value for the
stand; 2 - two or three indicators reach highest value for the stand; 3 - all four
indicators reach highest value.

Value of tree mortality index: 1 - low; 2 - normal; 3 - high. Indicators: Al - spatial
pattern of trees (dispersed vs. aggregated); A2 - spatial pattern of trees (irregular
vs. aligned); B - crown conditions (no transparency vs. transparency); C - percent

crown cover; D - mortality index.
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3. Results

Relevant Indicators of Aesthetic Quality

Table 2 describes the indicators used to assess the aesthetic quality of
holm oak stands and the type of analysis applied to aerial images. The
highest visual quality value was attributed to holm oak stands with
irregular spatial distribution, crowns with no or low transparency, and
crown cover values of 10-60%.

The final aesthetic quality value is derived from overlapping the infor-
mational layer of observable indicators with the mortality index layer
(Table 3).

Results from Application of Proposed Methodology to Aerial
Photographs

Applying the proposed methodology resulted in clear distinction
of montado polygons based on observable differences between stands
(Photos 1-3). In the case of Photo 1, only indicator A2 reached the
highest value and the tree mortality index was above the regional
average. In Photo 2, indicators A2 and C reached the highest value,
while the tree mortality index equaled the regional average. The ex-
ample shown in Photo 2 represents a heterogeneous montado polygon
where some areas have a higher than ideal percentage of land cover
(likely from abandonment of understory management), while others
are more open (likely from grazing pressure). The average crown cover
of this polygon (indicator C) approximates ideal values; however, the
aggregated spatial distribution of trees (indicator A) and crowns with
signs of transparency (indicator C) do not correspond to the highest
aesthetic value. Finally, in Photo 3, all four indicators (Al, A2, B and
C) reached the highest value and the tree mortality index was lower
than the regional average. These three cases clearly demonstrate that

the chosen indicators can be used to differentiate visual stand quality.
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Photo 1. Example of stand aesthetic quality 1.

Photo 2. Example of stand aesthetic quality 5.

Figure 1 shows part of an output map from application of the pro-
posed method to holm oak stands in Southern Portugal. Different
shades of gray correspond to different stand aesthetic quality levels.

The darker the color, the higher the aesthetic quality value.

4. Conclusions

Aesthetic landscape qualities are an increasingly important consid-
eration for land managers and policymakers who should make forest
management decisions that reflect social values. Thus, it is necessary
to obtain or develop high quality databases to help inform these de-
cisions. The approach proposed here demonstrated that several forest

aesthetic quality indicators can be assessed by aerial photographs, en-
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Photo 3. Example of stand aesthetic quality 9.

abling cost-effective and time-efficient development of such databases.
Our methodology was based on five indicators—two indicators of spa-
tial tree patterns, an indicator of crown condition, percent crown cover,
and an index of tree mortality. We tested this methodology on open
evergreen holm oak montado forests in Southern Portugal.

As observed in previous studies about landscape aesthetics (e.g., Pur-
cell and Lamb, 1998), some concepts were interrelated. In the case of
holm oak montado, the spatial pattern of tree distribution had greatest
impact on coherence, stewardship, complexity, and naturalness. When
applied to other forest areas, though, regional context must be con-
sidered. Forest types, as well as specific social values related to place,
are important in defining those aesthetic indicators that are connected
with regional traditions and cultural values.

The principle output from the proposed approach is a visual (map)
representation of the spatial distribution of stands with specific aes-
thetic quality values. This kind of information can help inform more
effective spatial forest management. It can also facilitate communi-

cation between decision makers and stakeholder groups with diverse
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Figure 1. Example of an output map from application of the proposed

method to holm oak stands in Southern Portugal.

interests regarding the real and perceived relative tradeoffs among var-
ious management options for ecosystem services and their locations.

In terms of resources needed for evaluation, the proposed method is
less time-consuming and more cost-effective than direct field observa-
tion. Application of the proposed method does not involve field visits.
It simply requires aerial images from the study area and one or more
technicians to conduct the image analysis. Analysis through aerial
images requires on average two hours per square kilometer. Travel
time not withstanding, field evaluation requires on average 6 hours per
square kilometer.

Field evaluation may be necessary in cases where other indicators of
aesthetic quality must be evaluated. Some indicators, such as the con-
dition of man-made structures like fences and buildings, can only be

evaluated through field visits or landscape photographs. At the same
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time, landscape level evaluation makes it possible to include landscape
features such as surface water elements that are important components
of complexity and imageability, or even monuments significant to the
concept of historicity. Thus, the proposed methodology could be used
in conjunction with field visits to evaluate a greater range of indica-
tors. Logically, completing this kind of multiple method analysis at a
regional or even national level would require additional time and re-
sources. From this perspective, it may be advantageous to implement
the proposed methodology to acquire a preliminary landscape-level sur-
vey before planning more detailed field measurements, which could be

focused in areas of specific interest.
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