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Abstract: More than seventy case studies were generated in the Landscape Architecture Foundation (LAF)’s Landscape Performance Series during 2011 and 2012.
Residential landscape projects, though common in professional practice, were missing in LAF’s portfolio. To fill this gap, this paper introduces the assessment of
three residential projects in Pitkin County, Colorado, USA. The paper particularly focuses on the visual and bioclimatic analyses of two different projects, based
on first-hand, in-situ data, and highlights the feasibility of achieving social benefits through landscape design. The visual analysis shows that landscape design
can buffer almost 98% of unwanted views, and the bioclimatic analysis indicates that the outdoor spaces that fall into the human comfort zone are in accord with
residents’ self-reported behavior mapping. In addition to confirming efficacious designs, this study can help improve future residential design by offering accessible
methods for measuring social aspects of landscape performance.
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Cascade Garden residence in Pitkin County,

Colorado (Image courtesy: Design Workshop, Inc. Used
with permission).
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Panoramas were taken from this prominent seating area

looking directly towards the landscape buffer. (Image
courtesy: D.A. Horchner / Design Workshop, Inc. Used
with permission).
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Fig.3 Capitol Valley residence in Pitkin County, Colorado
(Image courtesy: D.A. Horchner / Design Workshop, Inc.
Used with permission)
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Bioclimatic design strategies, such as the use of
vegetation to mitigate wind and sun exposure, produce
comfortable outdoor spaces for three-season use.(Image
courtesy: D.A. Horchner / Design Workshop, Inc. Used
with permission)
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Homeowner's use patterns and sampling locations of
bioclimatic study at Capitol Valley residence
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1 Introduction
As is common in the architectural and

engineering professions, the need for landscape
architects to demonstrate the multifaceted benefits
of successful designs has become increasingly
important. While progress have been made
in reporting landscape performance metrics,
landscape architects must still seek innovative
ways to quantify performance benefits in order
to justify their design proposals. The process of
this quantitative assessment provides a crucial link
between academics and practitioners that must be
strengthened in order to form the research basis
for the next generation of evidence-based design
(Brown and Corry, 2011; Deming and Swaffield,
2011; Design Workshop, 2007).

A number of studies have tackled the
performance and value of landscape design
(Bookout et al., 1994; Nassauer, 1995, 2012;
Ndubisi, 2002, 2008; Deming and Swaffield, 2011,
Culbertson and Martinich, 2012). An emerging
research/practice area, landscape performance
has been put forth by the Landscape Architecture
Foundation (LAF) in 2010.The LAF defines
landscape performance as “the measure of
efficiency with which designed landscape solutions
fulfill their intended purpose and contribute to
sustainability.” The core of landscape performance
assessment is to quantitatively demonstrate a
project’s environmental, social, and economic
benefits.

As part of the 2013 LAF Case Study
Investigation (CSI) program, three residential
projects were evaluated to quantify the economic,
social, and environmental performance benefits

of each. Based on original performance objectives,
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project analyses were conducted and case studies
were produced collaboratively by a Utah State
University (USU) research team and the projects’

design teams at Design Workshop.

2 Residential Landscape Performance

Assessment Overview
The research team examined 19 performance

benefits for three residential projects in Pitkin
County, Colorado, USA. This paper presents
details of two sets of analyses for social benefits—
a visual assessment of buffering unwanted views
and bioclimatic design in an outdoor living space.
One of the residential projects includes a landscape
buffer designed to screen undesirable views of
an adjacent roadway. In another project, careful
placement of multi-layered vegetation achieves
comfortable outdoor microclimate conditions.
These analyses were selected for two main
reasons. First, the preservation and improvement
of visual quality and outdoor comfort were design
priorities set by the clients. As a result, assessing
relevant benefits would suggest the extent to
which the corresponding design strategies are
effective. Second, past CSI researchers experienced
difficulties in quantifying social benefits derived
from public projects, let alone at a residential
scale (e.g., lack of data and methods). This study
presents innovations in methodologies, with the

intent to further promote social benefit assessment.

2.1 Cascade Garden Residence Visual
Quiality Assessment

Cascade Garden is a tranquil, high-altitude
residential property, designed to preserve the area’s

natural setting and ecosystem while meeting the



property owner’s requests for outdoor amenities
(Fig. 1). An existing house was dismantled and a
new home was integrated into the landscape with
minimal site disturbance. The 2.5-acre site features
an existing pond, which was planted with riparian
vegetation and modified to support trout habitat
and supply water for landscape irrigation. Because
of the harsh, climate and presence of wildlife,
plant species were carefully selected to ensure
high growth levels and low maintenance. Most
of the traditional lawn was replaced with native
plants, which conserve water and reduce fertilizer
consumption. The home also employs renewable
energy through a ground-source heat pump that is
used to operate outdoor site features.

One of the key design considerations
was to buffer the unwanted view of the road
directly adjacent to the front of the property,
while preserving views to the distant mountains.
The design team incorporated an earthen berm
and plantings in order to achieve this goal. The
research team evaluated the success of the design
in mitigating unwanted views through the use of
digital photography to approximate the experience
of the client in the landscape (Yang et al., 2013a).

Extensive studies on visual quality assessment
have been undertaken in the past and the following
procedure borrows from methodology developed
by Clay and Marsh (1997) and Chen et al. (2009).
However, whereas past studies focused largely on
static objects, this study utilizes a method based on
assessment of visual quality as it relates to dynamic
objects. The method relies on commonly available
hardware (digital cameras and computers) and
relatively inexpensive software (Adobe Photoshop).

First, panoramic photographs were taken

94

from a key point on the property: the seating area
on the middle of the patio. This location was
chosen for its obvious use by the homeowner as
a primary area from which to enjoy scenic views
of the mountains on the far side of the road (Fig.
2). The photographs were taken as a vehicle drove
down the road. A photograph of the vehicle was
also taken. The photographs were imported into
Adobe Photoshop where a color overlay was applied
to give the car a solid and easily visible color. The
image was resized in Photoshop to match the
scale of the car as it appears in the photograph.
The image of the car was then copied and pasted
repeatedly to create a swath from one end of the
property to the other that is representative of the
total visual area the vehicle would occupy when
traveling on the road. This is the visual area that
would be visible to the client if no buffer were
present.

The histogram feature in Photoshop was used
to measure the number of pixels present in the
swath layer. This is the number of pixels that would
be visible if no buffer were present. The swath
layer was moved underneath the panorama layer and
the wand tool, set on a very low tolerance, was used
to erase those parts of the panorama image that lie
on the far side of the road. This revealed the swath
in just those areas that are not covered by elements
in the buffer. Finally, the layers were merged and the
visible parts of the traffic swath were selected. The
histogram function was used again to determine
how many visible pixels from the swath remained.
The difference in the number of pixels in the entire
swath and the number that remained visible through
the buffer were compared to determine the success

of the buffer in meeting design objectives.



2.2 Capitol Valley Ranch Residence
Bioclimatic Assessment

Capitol Valley Ranch, a one-acre home site
situated on a larger working cattle ranch, is nestled
into a rural high-altitude Colorado landscape
(Yang et al., 2013b). The design for the property
includes a working ranch with horses, stables, and a
barn coexisting with a residence, thereby retaining
traditional practices and preserving cultural and
open space values (Fig. 3).

The design intent was to create comfortable
outdoor spaces for the homeowner through a
consideration of the site’s natural environment and
the relative placement of elements in the landscape
such as the home, patio, plantings, and hardscape
(Fig. 4). In addition, the materials used also affect
the creation of comfortable microclimates. The
flagstone of the hardscape, for example, acts as
a thermal mass that collects heat when exposed
to direct sun and radiates heat when shaded.
These factors were quantified through in-situ
measurements compared against an established
metric that defines the conditions conducive to
human comfort.

While bioclimatic analysis is common in
architecture, it has yet to become common in
the landscape architecture profession. This study
was based primarily on methods and parameters
developed by architect Victor Olgyay (1973),
using the Human Comfort Zone from his book
Design with Climate. The research team needed
to determine how well the climatic comfort level
of the design met the needs of the homeowner
for particular times of day when these spaces were
used. The homeowner was surveyed to determine

patterns of use and sampling points were located

across the site (Fig. 5). The survey instrument was
reviewed by the Institutional Review Board (IRB)
at USU before the interview was conducted (IRB
Protocol 5225).

3 Analysis and Results
3.1 Cascade Garden Residence Visual
Quality Assessment

The photographs of the vehicle used in the
analysis are shown below in Figure 6. A Toyota
Prius was selected for use in this analysis because
it was readily available to researchers and is a
common vehicle. The color overlay was imported
into Photoshop and the image was flipped vertically
to match the direction of travel of the Prius in the
panoramic photo.

The panoramic photograph taken from the
outdoor seating area is shown in Figure 7. The
panorama is limited to the extent of the property
that borders the road being buffered. The overlay
image was resized in Photoshop to match the
scale of the car as it appears in the photograph. A
colored swath was created to represent the total
area the vehicle would occupy when traveling on
the road (i.e., the visual area that would be occupied
by a vehicle if no buffer were present between the
viewer and the road).

The histogram feature determined that
the swath was composed of a total of 796,196
pixels (Fig. 8). Note that the Cache Level on
the Histogram has been set to 1 to ensure that
the entire layer is being evaluated, not a random
selection.

The colored swath layer was moved
underneath the panorama layer and the parts of

the image showing vegetation on the far side of the
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road were erased using the wand tool (Fig. 9). This
revealed the swath in just those areas that are not
covered by berms, planting, fences, or gates on the
property.

Finally, the layers were merged and the visible
portions of the traffic swath were selected. The
histogram function determined that a total of
17,725 pixels from the swath remained visible
despite the buffer (Fig. 10). The results indicate
that approximately 2.2% of the unwanted view
remained visible. This equates to 97.8% of
unwanted views blocked. This represents a very
successful outcome of the original design intent to
buffer unwanted views of the road directly abutting

the property.

3.2 Capitol Valley Ranch Residence
Bioclimatic Assessment

Temperature, relative humidity, and wind
velocity were measured on-site during three periods
(morning at 9:15 am, afternoon at 12:30 pm, and
evening at 5:00 pm) at sixty-six points throughout
the landscape (Fig. 11). The measurement device
used was a Kestrel 4000 Pocket Weather Tracker
(Wind speed accuracy: +3%. Temperature: £1°C.
Relative humidity accuracy: £3%) using consistent
procedures at each point. (See Appendix A)

In order to spatially represent the data, they
were interpolated using the Kriging method in
ArcMap10.1 (Fig. 12). These images show general
trends across the site for wind velocity, relative
humidity, and temperature for morning, afternoon,
and evening.

Temperatures and corresponding relative
humidity data were entered into a human comfort

chart (Fig. 13). This chart uses a relationship
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Agricutural lrmigation Ditch 6 5:14 238 826 hot 1240 229 786 comfort 925 395 69.4 comfort Raised Vegelable Garden 49 620 183
Agriculural lrigation Ditch 7 5:15 241 814 hot 1241 198 795 dy 926 421 735 comfort Raised Vegelable Garden 50 622 17.1
Agricultural Irigation Ditch 8 516 235 777  comfol 1242 206 810 hot 927 392 789 comlor Raised Vegelable Garden 51 623 203
Agricultural Irigation Ditch 8 5:17 237 786 comfod 1243 196 752 dy 928 323 720 comfort North Trees and Berm 52 624 213
Souhlawn 10 519 186 833 hot&dy 1243 214 753 comlot 920 411 736 comfort North Trees and Berm 53 625  24.2
SunTemace 11 521 227 789 comfod 1244 199 756 dy 929 372 726 comfort North Trees and Berm 54 626 216
SunTemace 12 521 237 792 comfot 1245 185 784 dy 930 407 780 comfort North Trees and Berm 55 628 21.4
SunTemace 13 523 222 800 comfod 1246 215 800 comlot  9:31 350 766 comfort North Trees and Berm 56 629 205
SunTemace 14 524 227 792 comlo 1247 197 806 hot&dy 932 320 810 ot North Trees and Berm 57 629 208
SunTemace 15 525 227 814 hot 1248 178 779 dy 934 208 768 comfort North Trees and Berm 58 630 216
SunTemace 16 5§26 211 791 comfot 1249 214 796 comlont 936 344 753 comfont GravelEntiy Diive 59 631 203
SunTemace 17 528 231 767 comfol 1250 206 779 comfoi 939 357 719 comfor Gravel Entry Orive 80 633 18.9
SunTemace 18 520 247 768 comfot 1251 230 781 comfo  9:43 350 758 comforl Arival Cout 61 634 191
Souhlawn 19 530 212 766 comlon 1252 183 781 dy 945 385 785 comfort Amival Cout 62 635 197
Souhlawn 20 531 216 770 comfot 1252 214 761 comfort 949 343 792 comfod Arival Cout 63 636 212
SouhLawn 21 532 225 769 comfot 1255 190 786 dy 951 374 791 comfort Avival Cout 64 636 214
Souhlawn 22 533 250 776 comfod 1256 193 711 dy 952 410 775 comlont Avival Cout 65 637 187
Souhiawn 23 534 231 752 comfot 1257 207 808 hot 953 383 806 ot Arival Cout 66 639 170
Souhiawn 24 536 229 778 comlont 1259 204 775 comfot  9:55 388 729 comfort
SwimmingLapPool 26 538 216 822 hot 102 194 794 dy 957 380 779 comfort
SwimmingLapPool 26 543 201 933 hot 103 178 828 hotddy 958 384 779 comfort
Swimming LapPool 27 561 224 835 hot 105 204 774 comfot 959 315 801 hot e
SwimmingLapPool 28 552 230 782  comfort 107 168 781 dy 1001 338 766 comfort foeiErlroral e
Swamming LapPool 28 553 209 791  comfor 108 230 782 comfot 1002 352 748 comfort South Lawn HiHEHT
Swimming LapPool 30 555 217 767  comfort 110 186 839 hot&dy 1003 413 631 comiort St Tars
SunTemace 31 556 233 758  comfor 112 211 789 comlot 1005 346 779 comfort S i S
SunTemace 32 567 214 778  comfon 174 202 766 comfot 1006 313 765 comlort é“'mmm‘u Lap I““]_ »J\ .
Swimming LapPool 33 588 197 770 dry 118 194 742 dy 1007 359 697 comfort Solar Panel Array "‘['H“ll" i
Swimming LapPool 34 6:00 187 787 dry 199 228 749 comlod 1008 357 743 comlort Ordosr living Rooe ] M/H&:’m
Swimming LapPool 35 602 206 825 hot 120 228 757 comfor 1009 382 760 comfort Raised Vegetable Garden
Swimming LapPool 36 603 181 826 hot&dry 121 216 743 comfot  10:09 330 746 comfort North Trees and Berm LI 3]
Swimming LapPool 37 6:04 205 825 ot 123 215 779 comfot  10:10 334 762 comfort Gravel Entry Drive 1ALl
SolarPanelAray 38 606 17.6 885 hot&dry 124 219 819 hot 10412 37.3 756 comfort Arrival Court F£%5 it
SolarPanelAray 39 608 194 839 hot&dry 125 201 808 hot  10:13 350 764 comfort Hot #4
SolarPanelAmay 40 609 254 785  comfor 127 184 741 dy  10:14 365 790 comfort Dry T
SolarPanelAmay 41 610 225 776  comfor 133 215 779 comlot  10:15 365 788 comfort Comfort 4
between relative humidity and temperature to set  design goals.

guidelines for human comfort that correspond with
Victor Olgyay’s parameters. Points inside the red
box indicate that climatic conditions at the time the
data were gathered at that location were within the

Human Comfort Zone and are considered to meet

Of all the sampling locations, the outdoor
locations identified as spaces the homeowner
habitually uses were factored into the following
calculations. Of the 31 data points gathered in

these spaces, 24 (77%) are in the comfort zone in
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the morning, 13 (42%) in the afternoon, and 15
(48%) in the evening.

A final analysis considered which spaces were
being used at certain times in order to determine
the comfort of the homeowner when he/she

was most likely occupying that space. This simple



inquiry calculated the percentage of data points
that fell within the comfortable category out of
the total points in the space (Fig. 14 and Fig. 15).
The results indicate that of the data points in the
spaces, 83% in the morning were comfortable; in
the afternoon, 44% were comfortable; and in the

evening, 90% were comfortable.

4 Discussion
The results demonstrate the effectiveness

of landscape designs, supported by empirical in-
situ data. The question is how design interventions
could be further improved based on these results.
In Cascade Garden, an earthen berm with lush
vegetation provides a year-round visual buffer.
Although the use of deciduous vegetation limits
the buffer’s effectiveness in seasons other than
summer, this is primarily a summer residence. For
future, similar residential projects, visual quality
protection or enhancement would also consider the
visual effects in other seasons. In addition, holes in
the buffer exist where vegetation has not matured.
This important aspect should be included in species
selection and in gauging berm height.

In Capitol Valley Ranch, the bioclimatic
analysis indicates that the outdoor spaces that fall
into the Human Comfort Zone are in accord with
residents’ self-reported behavior mapping (Fig. 15).
This study also reveals where design intervention
would make the site more comfortable. Figure 16
highlights all instances where the spaces used are
not comfortable. None of the spaces at the time
of day they are being used by the homeowner
are too cold for comfort, and all have at least
one data point that is too hot. This suggests too

much sunlight is permeating the spaces. With the

maturation of vegetation, these issues may be
resolved. The green area at the north side of the
house contains several data points that were too
warm and deserves an explanation. While a priority
was to provide comfortable spaces, another design
objective was to include a vegetable garden on
the property. This is located in the green space.
Unfiltered sunlight is required for an edible garden
to be feasible at this altitude, which presents a
conflict when also designing for human comfort.

Further, this study presents some limitations
that should be addressed in future research.
Regarding the visual analysis, the major limitations
are that the use of photography does not perfectly
replicate the experience of an individual in
the landscape. The distance from the point of
photography to the road, while nearly constant,
is not uniform. Therefore, the scale of the car in
real life would vary slightly, becoming smaller and
less visible towards the edges of one’s field of
vision. However, the photograph the study relied
on produced a standard size for the swath that
does not reflect such realities. In addition, the use
of a Toyota Prius, while expedient for the research
team, may not be an accurate representation of
all the traffic that the design intended to buffer.
Trucks, for example, would be larger and therefore
may have the potential to be more visible through
the buffer.

Likewise, the bioclimatic analysis presents
some limitations. First, because points were not
sampled simultaneously, temperatures changed
during the timeframe data were gathered across
the site. Second, the combination of temperature
and humidity metric has been widely used in

assessing interior thermal comfort. For outdoor
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thermal environment assessment other metrics
and criteria have been developed. However, there
are no standardized metrics that are internationally
accepted and used. That said, our study represents
a valuable preliminary step forward in this research
area. Finally, future research should also address
the issue of obtaining baseline data to represent
the pre-development conditions. This may be
accomplished by comparing surrounding areas not
impacted by development to the data obtained on-

site.

5 Summary and Conclusion
Over two dozen project types are featured in

the LAF Landscape Performance Series Case Study
Briefs, representing numerous landscapes ranging
from public parks and streetscapes to plazas and
zoos. These case studies provide valuable research
data and methodologies on quantifying the
sustainable aspects of a diverse array of projects.
Yet despite such a prolific range, prior to this study
no one had considered one of the most widespread
and accessible applications of sustainable design
for both the general public and the professional
landscape architect: the single-family home.
Moreover, the limited data and funding available on
a residential scale makes assessing social benefits
of sustainability difficult and required the research
team to collect in-situ data based on goals set by
the designers.

This study shows that despite varying cultural
preferences and limited baseline data, social
performance of the landscape can be measured on
a residential scale. The slight variances in human
preference are not significant enough to preclude

studies like these from providing valuable and
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insightful landscape performance measurement.
By drawing on studies from other fields, this
study helps establish metrics and methods that
are potentially replicable in professional practice.
Future design work by landscape architects may
incorporate this analysis for similar projects
prioritizing visual and bioclimatic benefits.
As the LAF continues to produce case studies
and CSI teams disseminate research findings in
peer-reviewed venues, the advancements and
contributions made by the profession will be
made evident and may benefit the entire landscape

profession.

Appendix

Bioclimate Data of Capitol Valley Ranch Residence
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