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Abstract: The rapidly advancing knowledge of the interactions between people and their environ-
ment provides opportunities for designers to practice evidence-based landscape architecture (EBLA)
in designing outdoor spaces. Recent studies have proposed some characteristics of successful EBLA
projects, including the following: amicable skepticism; the questioning of assumptions; the verifi-
cation of information; the application of evidence to the problem at hand; and data that is openly
reported and replicable. These five steps were the basis for a framework that was developed and
tested through the redesign of a downtown area in a hot-climate city, El Paso, Texas. The process
started with the collection of base information, including local climate conditions and evidence
on heat-related illness. Case studies and a search of the literature led to the questioning of some
assumptions, including the expectation that the air temperature on the site could be substantially
modified through design. On-site microclimate measurements were used to confirm this insight,
and were used to validate computer models. The validated models were used to assess the thermal
comfort conditions across the site. A human energy budget model was used to identify the key
atmospheric elements that both strongly affect a person’s heat health, and that can also be read-
ily modified through landscape architectural design. These led to the development of guidelines,
which were developed as a ‘tool kit’ and applied to the design. Amicable skepticism was practiced
throughout the process to confirm that the decisions were made based on evidence, not opinions or
preconceived notions. The resulting design was tested using computer models to check whether the
goal of thermally comfortable conditions was met. The quantitative results illustrated the amount of
improvement to the thermal comfort of site visitors. This process is universal and can be applied to
any landscape.

Keywords: evidence-based landscape architecture; micrometeorological measurements; human
thermal comfort modeling; human health and well-being; El Paso; Texas; ENVI-met simulation

1. Introduction

More than half the people in the world now live in cities, and in North America,
more than 80% of the population is urban [1]. Urbanization has displaced green, natural
landscapes with largely artificial spaces of concrete and other hard, non-transpiring surfaces.
This has resulted in cities developing their own climates, including the well-known urban
heat islands (UHI) [2]. This warming trend in cities, in conjunction with Global Climate
Change (GCC), is putting the health and well-being of urban residents increasingly at risk
of heat-related illnesses.

The cause of the UHI is well-known; hard, dry surfaces do not transpire, so little of the
energy received from solar radiation can transform into evaporation [3]. This means that
almost all of the energy is channeled into either sensible heat or emitted radiation, both of
which serve to increase the amount of energy received by a person in the landscape. This
over-heating can lead to heat stress and heat stroke, particularly in vulnerable populations,
such as the elderly and the young.
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However, simply increasing the amount of green space in a city does not resolve the
problem. There are many places where green can be introduced that will have little to
no effect on the health and well-being of urban residents. The interventions need to be
designed, and the design needs to be based on evidence.

Evidence-based practices have long been part of professions such as medicine [4], but
only recently have been applied to landscape architecture. The concept was introduced in
2011, and the number of papers that have suggested processes by which it can be used in
practice has grown, albeit rather slowly [5].

The idea of evidence-based practice (EBP) was introduced by Gordon Guyatt and his
team, using the term “evidence-based medicine” in 1991 [6]. Following this, healthcare
system design, one of the closest disciplines to medicine, started using evidence-based
design (EBD) and gained prominence in the early 2000s with the publication of the Institute
of Medicine's report ‘Crossing the Quality Chasm’ [7].

A relatively new discipline, EBD has its roots in environmental psychology, architec-
ture, medicine, and other sciences. It is based on the premise that the design of the built
environment fundamentally impacts patient, provider, and organizational outcomes [7].

Landscape architecture has been relatively slow in adopting EBD. It was not until 2011
that the concept of evidence-based landscape architecture (EBLA) was first introduced,
when Brown and Corry [5] argued that landscape architecture should become a more
scholarly profession by embracing scholarly information, methodical record keeping, moni-
toring, and reporting. Meanwhile, more and more scholars pointed out the risk of ignoring
the trend of evidence as a basis for practice. For example, Ndubisi [8] asked the question
“How can designers, planners, allied professionals, decision makers, and the general public
know, ascertain or validate that a high-performing landscape has been created that will
provide the same benefits or even more for future generations?” To answer this question,
traditional approaches that focus on aesthetic descriptions and the designer’s personal
experience are insufficient.

Moreover, traditional design approaches fail to solve inter-disciplinary problems. An
increasing number of people realize that the physical environment, shaped by landscape
architecture, could have an effect on psychological health [9] and human thermal com-
fort [10,11]. The traditional design approach tends to deploy a descriptive narrative while
avoiding the quantitative method. This raises suspicion about its effectiveness [12]. Today,
landscape architects face various challenges, such as climate change, extreme weather,
environmental health, urban degradation, ecological restoration, and urban heat islands. It
is essential that the profession conveys the environmental, economic, and social values of
excellent design, while using quantitative research to justify the design proposals [13].

There is no fixed model to define every step of the evidence-based design process.
Conversely, the characteristics of specific projects bring diversity to the process. In 2003,
Milburn and Brown [14] argued that the relationship between research and design could
be identified as multiple models and differentiated by several characteristics, such as the
source of ideas or concepts, the inclusion of the pre-design research phase, the inclusion of
the post-construction evaluation phase, and a holistic approach to problem-solving [14].
Just like the relationship between design and research, evidence-based design models can
be different according to project characteristics. Hamilton [15] points out that the evidence-
based approach cannot be interpreted as one single model, and it may vary according to
specialties or diverse practices.

Previous research has explained the evidence-based design approach in different ways,
focusing on specific steps, and with various degrees of detail. Halawa et al. [16] focused on
layout typologies and strategy optimization; Milburn and Brown [14] focused on multiple
discrete models by which research is integrated into design; Hamilton [15] emphasized the
flexible combination of real-life practice context and EBD theory in the area of architecture
design; and Zimring et al. [7] gave a very general description of the multistep process,
from framing, incorporation to design, and operations. Despite the different emphases and
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degrees of detail, the overall logical order tends to be the same, and the evidence-based
methodology can be summarized as follows:

(1) Identify the goals and key issue (often accompanied by preliminary information
gathering or a client meeting);

(2) Gather relevant information, and convert design issues into research questions;
(3) Critically interpret the evidence, and create the fundamental knowledge evidence-

based design;
(4) Deploy the design strategy;
(5) Optimization: Iterate between step (3) and (4), to improve design;
(6) Measure the outcome.

The goal of this paper was to design and apply a framework through which evidence can
be used to design urban areas so that they will be cooler and more heat-safe during extremely
hot weather. The framework is based on advice from Brown and Corry [5,12], which has been
modified and expanded to address urban design in an extremely hot urban area.

2. Materials and Methods

To illustrate how the EBLA Framework can be applied to solve important and difficult
problems in the landscape, it was applied to the design of a Freeway Deck Park in El Paso,
Texas (Figure 1). El Paso is located 1140 meters above sea level, and is defined as a mixed
desert climate (Köppen climate classification: Hot desert climate, BWh and Cold desert
climate, BWk). The city is surrounded by the Chihuahuan desert, with temperatures of
35–40◦ Celsius in the summer and an average of 220 mm rainfall per year. With 83% of
daylight hours, the total sunshine time is 302 days per year.

The El Paso deck park project is based on the Reimagine I-10 freeway proposal (Down-
town project, Segment 2), which advocates the widening of the I-10 freeway and the
building of a concrete cover on the top side of the I-10 freeway as the site of a new interstate
deck park.

The existing site has an area of 31700 m2. Similar to other highway interstates in Texas,
the site is an urban grey space that separates the city into two sides. The traffic lane and
sidewalk are covered with concrete and asphalt, and the sidewalk is narrow with no canopy
trees and no shade structures. The summer climate of El Paso is extremely hot and sunny,
and much of the outdoor urban space is essentially unusable for much of the year [17]. The
design intent was to provide thermally comfortable outdoor spaces during the hottest part
of the summer.
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Figure 1. Study area, 31.761942, −106.491952 (left), Köppen Climate Classification (right) [18],
where BWh: Hot desert climate, BWk: Cold desert climate; BSh: Hot semi-arid climate; BSk: Cold
semi-arid climate.

The conceptual diagram provided by Brown and Corry [12] was operationalized into
a design framework (Figure 2), with details provided by Milburn and Brown [14].
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Figure 2. Proposed Evidence Based Landscape Architecture Framework (EBLAF).

The Amicable skepticism starts at the beginning of any project and should be considered
throughout the whole process. This allows the designer to continuously gain project-related
information. This generates and tests preliminary assumptions, and provides a constant
reflection of the potential problems and issues, and the potential strategy to deal with them.

The Preliminary assumption is based on general information collection. The general
information could be in any format, such as media, blogs, interviews, encyclopedias, etc.
Through this step, a wide range of information should be collected and related, and it helps
to produce a context for the project. Based on this general project context, the preliminary
assumption is generated.

The questioning of assumptions includes case studies and a literature review, where we
narrow down the topic, and the more relevant information is collected. This produces the
research question, which is also the questioning of the preliminary assumption.

The verification of information identifies and interprets the simulated human-level
micrometeorological information, creating some fundamental knowledge of the evidence-
based design.

The application of evidence synthesizes the evidence, producing a set of design in-
tervention tools, which are then applied to the site. The iteration process between the
verification of information and the application of evidence works to optimize the design
and continuously improve the overall design outcome.

The openly reported and replicable step measures the outcome. The outcome of the design
intervention will be objectively measured and described, and will be archived into the
knowledge pool. It works as a piece of existing knowledge, ready to be critically applied to
the future landscape design project.

The empirical evidence is the categorized knowledge pool that is trusted by the public
because it is documentable, replicable, and evaluable. Future design projects should take
the openly reported data as the design basis, and also produce their own replicable results.
In other words, the design process is transferred into a systematic framework, where the
effectiveness is documented and ready to be repeatedly used and evaluated by future projects.

3. Results: Application of EBLA Framework to a Freeway Deck Park in El Paso, Texas
3.1. Amicable Skepticism

Amicable skepticism resulted in a deeper understanding of which microclimate ele-
ments have the greatest effect on human thermal comfort and heat-safety. The first question
was how much the extremely high air temperatures could be modified through site design.

3.1.1. General Information Collection: Heat-Related Risk

General information collection was conducted to identify the heat-related risk in El
Paso. Information from articles and media reported the high morbidity of heat-related
illnesses, high mortality, and the continuous urbanization process; therefore, we identified
heat risk as a critical issue in El Paso [19].
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3.1.2. General Information Collection: Meteorology Backgrounds

The general information collection identified the climatic issue in El Paso. A search
of historical climate data (1886–2021) was conducted, which showed (1) a continuously
increasing trend in the air temperature, (2) more than 300 days of exposure to shortwave
solar radiation per year, and (3) an increasing number of extremely hot days per year
(Figure 3).

Sustainability 2023, 15, 2301 5 of 18 
 

3.1.1. General Information Collection: Heat-Related Risk 

General information collection was conducted to identify the heat-related risk in El 

Paso. Information from articles and media reported the high morbidity of heat-related 

illnesses, high mortality, and the continuous urbanization process; therefore, we identi-

fied heat risk as a critical issue in El Paso [19]. 

3.1.2. General Information Collection: Meteorology Backgrounds 

The general information collection identified the climatic issue in El Paso. A search 

of historical climate data (1886–2021) was conducted, which showed (1) a continuously 

increasing trend in the air temperature, (2) more than 300 days of exposure to shortwave 

solar radiation per year, and (3) an increasing number of extremely hot days per year 

(Figure 3). 

 

Figure 3. Population by year 1886–2021 (Left); Yearly counts of extreme hot day (Ta > 100 °F) (Right). 

3.1.3. A Preliminary Assumption 

Based on these results from the general information collection, a preliminary as-

sumption that most of the environmental parameters could be modified by landscape de-

sign was made, with the air temperature and solar radiation playing the most important 

role in adjusting the human energy budget. 

3.2. Questioning of Assumptions 

To avoid the impact of pre-conceived positions [12], a search for deeper understand-

ing was conducted to question the preliminary assumption. This step focused on a com-

prehensive and scientific knowledge gathering, with the motivation to challenge the pre-

liminary assumption. Based on the literature review [11,20,21] and three case studies with 

a similar context (Klyde Warren Park, TX; Jim Ellis Freeway Park, WA; Margaret T. Hance 

Deck Park, AZ), the assumption that landscape design can modify both the air tempera-

ture and humidity were questioned; this resulted in an understanding that the landscape 

has little effect on modifying them, while the landscape can substantially modify the 

amount of wind, and solar and terrestrial radiation, that a person might experience [22]. 

3.2.1. Case Study of Urban Interstate Deck Park 

Several case studies were investigated to identify the frequently used landscape de-

sign interventions and their potential impacts, (1) the shade structures and tree canopy as 

measures to control solar radiation, thus impacting on the terrestrial and direct solar heat 

gain, (2) water body and water mist as components that control air temperature and hu-

midity, thus impacting the evaporative and convective heat loss and, (3) a vertical struc-

ture that disturbs the wind, thus impacting the convective heat loss. 

3.2.2. Literature Search 

The literature search was conducted to collect empirical evidence about the degree 

of change that landscape intervention could bring. Peer-reviewed journal articles were 

Figure 3. Population by year 1886–2021 (Left); Yearly counts of extreme hot day (Ta > 100 ◦F) (Right).

3.1.3. A Preliminary Assumption

Based on these results from the general information collection, a preliminary assump-
tion that most of the environmental parameters could be modified by landscape design
was made, with the air temperature and solar radiation playing the most important role in
adjusting the human energy budget.

3.2. Questioning of Assumptions

To avoid the impact of pre-conceived positions [12], a search for deeper understanding
was conducted to question the preliminary assumption. This step focused on a comprehen-
sive and scientific knowledge gathering, with the motivation to challenge the preliminary
assumption. Based on the literature review [11,20,21] and three case studies with a similar
context (Klyde Warren Park, TX; Jim Ellis Freeway Park, WA; Margaret T. Hance Deck
Park, AZ), the assumption that landscape design can modify both the air temperature and
humidity were questioned; this resulted in an understanding that the landscape has little
effect on modifying them, while the landscape can substantially modify the amount of
wind, and solar and terrestrial radiation, that a person might experience [22].

3.2.1. Case Study of Urban Interstate Deck Park

Several case studies were investigated to identify the frequently used landscape
design interventions and their potential impacts, (1) the shade structures and tree canopy
as measures to control solar radiation, thus impacting on the terrestrial and direct solar
heat gain, (2) water body and water mist as components that control air temperature
and humidity, thus impacting the evaporative and convective heat loss and, (3) a vertical
structure that disturbs the wind, thus impacting the convective heat loss.

3.2.2. Literature Search

The literature search was conducted to collect empirical evidence about the degree
of change that landscape intervention could bring. Peer-reviewed journal articles were
selected from Landscape and Urban Planning, Building Environmental, Sustainability,
The International Journal of Biometeorology, etc. Finally, a summarized overview of
the previous evidence was used to question the preliminary assumptions that landscape
components could change every microclimate parameter, thus impacting the human-level
thermal comfort.
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3.2.3. Questioning of Assumptions Based on Case Study and Literature Search

The case study and literature review led to the questioning of the assumptions: land-
scape design could be able to impact thermal comfort but might have a limited effect
in modifying climate air temperature (Ta) and relative humidity [21,23]. Even if some
measures could impact the local Ta, the ignorable change of local Ta only causes a limited
effect on thermal comfort.

To sum up, we conducted a comprehensive case study and literature search, and then
questioned the assumption that landscape design could effectively impact the relative
humidity and air temperature at the human level.

3.3. Verification of Information

To address the assumption that “landscape design could effectively impact the relative
humidity and air temperature at the human level”, the macro-scale weather document was
considered to be too general and failed to cover the human-level thermal environment. A
more accurate evaluation of the human-level microclimate was deemed to be necessary.

The computational fluid dynamic (CFD) has been widely applied to simulate the
interaction of gases and liquids, and is currently welcomed as the tool to evaluate the
microscale climate and thermal comfort; there has been a series of software packages
developed based on CFD, such as FLUENT, OpenFOAM, SOLIDWORKS, ENVI-met, etc.
ENVI-met is one of the representative simulation software packages, which has been widely
applied in simulating urban microclimate conditions, such as radiation environment, heat
flux from vegetation, and heat exchange inside water and soil. As the ENVI-met model
provides an acceptable temporal (1 hour) and spatial (1 meter) resolution, and it has been
widely applied in urban microclimate studies [11,20], it is selected as the software package
to evaluate the site’s microclimate. This step included the human-level ENVI-met model
validation, and the model simulation output. On-site micrometeorological data were
collected and used to verify ENVI-met models (https://www.envi-met.com/ (accessed on
20 August 2022)). Then, the ENVI-met model output, known as the microclimate indicators
(air temperature, wind speed, relative humidity and direct solar radiation), were measured
at a 1.5 m level, which will be used to evaluate the human-level thermal comfort.

3.3.1. In-Situ Measurement to Acquire Real-World Data

In-situ measurement was conducted to acquire real-world data. By comparing the
measured data with the CFD model output, the accuracy of the CFD simulation was
validated. The in situ measurement was conducted on 26 September 2021 (a typical summer
day in El Paso) using the compact weather station MaxiMET GMX501 (Figures 4 and 5).
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3.3.2. CFD/ENVI-Met Model Validation

The in situ measurement and ENVI-met simulation results were taken, in order
to evaluate the accuracy of the numerical simulation. The regression analysis was con-
ducted to examine the error between the measured microclimate data and the simulated
microclimate data [24]. The model parameters were adjusted repeatedly until the simu-
lation results were within the acceptable range. Finally, the ENVI-met output and the in
situ measured data reached a good fit (air temperature, R2 = 0.8245, RMSE = 0.49; for
relative humidity, R2 = 0.7451, RMSE = 1.08), indicating that the numerical simulation
conducted by ENVI-met is trustworthy and could provide a reliable assessment of the
microclimate condition (Figure 6).

3.3.3. Extreme Hot Day Condition Predicted by Validated Computational Model

The validated model was used to predict the environmental parameters of extreme
hot day conditions: To reconstruct the conditions on extreme hot and cold days, the
simulation was conducted again via the validated ENVI-met (or CFD) models, which
reconstruct the three-dimensional environment and calculate the environmental pa-
rameters mathematically. The output of 10 June 2020 was selected as the microclimate
indicator of the typical extreme hot day (Figure 7). Three time points were selected for
analysis, based on visitor frequency, as illustrated by the API of Google Maps. These
include 12:00, when people begin to use outdoor park space; 15:00, at the hottest time
point of the typical hot day; and 19:00, when a considerable amount of outdoor activity
happens after sunset.
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3.4. Application of the Evidence to the Problem at Hand

This step aims to develop a set of thermal comfort landscape strategies (or toolkits),
based on the thermal comfort evaluation result from the above step. These validated models
were then used to identify the streams of energy that most affected the human energy
budgets, and the site was designed (according to those energy budgets) to accommodate
various activities. This is where the design optimization was achieved through repeated
iterations and testing. The designer needs to continue editing the toolkits to make them
flexible to accommodate the various functions of the outdoor space. The outdoor space
will also need to be continuously adjusted to embrace the thermal comfort toolkits.

3.4.1. Energy Budget Calculation Based on Extreme Hot Day Microclimatic Condition

Microclimate indicators, including air temperature, wind speed, relative humidity,
and direct solar radiation, were extracted from the validated simulation model and used as
the input of the COMFA energy budget model. The COMFA energy budget model not only
reports a net overall energy flux matched with thermal sensation (Table 1), but also reports
five sub-components of the net energy budget, which enables us to determine which energy
flux mostly impacts the site [25].
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Table 1. Thermal Sensation by Comfort Formula energy Budget Model (COMFA) (W/m2).

Thermal Sensation Kenny et al. [26] Brown and Gillespie [27] Cheng and Brown (For Children) [28]

Cold <−150 <−150 /
Cool −150 to −20 −150 to −50 −140 to −110

Neutral −20 to 150 −50 to 50 −110 to 40
Warm 151 to 250 50 to 150 40 to 80
Hot >250 >150 >80

3.4.2. Design Solutions Based on COMFA Energy Budget

The COMFA energy budget identified that the major contributors to the extreme heat
were radiation and wind. Therefore, a series of design strategies (Figure 8) were developed
to illustrate how those key environmental parameters impact five energy fluxes of the
COMFA budget (Equation (1)):

COMFA = M + Rabs - Conv - Evap − Tremitted (1)

where M is the metabolic energy for heating the body (W/m2), Rabs is the absorbed solar and
terrestrial radiation (W/m2), Conv is the sensible convective heat exchange (W/m2), Evap is
the evaporative heat loss (W/m2), and Tremitted is the emitted terrestrial radiation (W/m2).
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A site assessment revealed that solar radiation, air temperature, and wind speed
are the most critical risk factors that impact the COMFA budget. While air temperature
plays an important role in thermal comfort, it tends to be stable and evenly distributed,
which is insensitive to micro-scale landscape design intervention (except water mist);
conversely, microscale design can effectively impact solar radiation and wind speed.
Therefore, a series of landscape elements that focus on the dynamic adjustments of
wind and solar radiation were integrated into the design solutions according to their
impact on the energy budget, and the current low humidity was used as a catalyzer
for evaporation. These toolkits were categorized into four groups, based on the energy
fluxes they impact (Equation (1)), namely, shortwave radiation, evaporation, convective
heat transfer, and terrestrial radiation. In each category, the toolkit recommends the
design approach to reduce or increase the energy absorbed by the human body. Guided
by those toolkits, the I-10 freeway deck park design’s features include a deciduous tree
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canopy, a wind producer (user-interactive installation), a water element, a multiple
surface material, a sun-path-based shade structure (extended roof along south-west),
and a windbreak, comprised of a porous wall and arrayed plants. Under extreme
heat conditions, the sun-path-based shade structure efficiently blocks the intense solar
radiation in the afternoon. Meanwhile, wind producers allow the cool wind breeze to
promote evaporation and convective heat transfer. The selected surface material includes
shallow ponds, turfgrass, and low albedo pavers, which combine the high specific heat
capacity and plant transpiration, to create a cool surface that reduces the terrestrial
radiation. During winter seasons, the elevated bridge allows users to receive more solar
radiation. The porous planting wall located on the edge of the site blocks the urban
canyon wind, and the multi-direction vertical wall further disturbs the wind field, in
order to reduce the convective heat loss after sunset.

3.4.3. Deployment of Design Strategy

These design strategies were deployed in the site according to their specific enter-
tainment function, and worked as landscape intervention to adjust the microclimate
(Figures A1–A4). Sometimes, entertainment use might conflict with the thermal comfort
strategy. For example, functional areas, such as the square and the amphitheater, are often
designed as wide-open areas, which are vulnerable to solar radiation. To address these
conflicts, EBLAF (Figure 1) indicates the design strategy development and the deploy-
ment of strategy work as an iteration circle that happens repeatedly. The thermal comfort
strategy will be edited according to the specific site function, whereas site function will
also be adjusted according to the thermal comfort strategy. As a result, the design strategy
and its composed functional area are modified several times to fit each other.

3.5. Openly Reported/Replicable

The resulting designs were tested to determine the ameliorative effect provided
by the landscape on the local climate. After the landscape design intervention, the
ENVI-met simulation was conducted again to report the change in the microclimate
parameter. Here, an experimental study was developed, where the existing scenario and
the scenario after the design intervention are both simulated through the Computational
Fluid Dynamics (CFD) model, which is considered as the control group and experimental
group, respectively. The intervention result works as empirical evidence, contributing
to the quantitative understanding of how efficiently that landscape design impacts the
built environment (Figure 9).

3.5.1. Intervention Result: Limited Effect in Air Temperature and Relative Humidity

Result shows the limited impact on Ta and relative humidity: After the intervention,
the air temperature across the site was reduced by 0.67 ◦C, and the relative humidity
increased by 0.30% (Figure 9).

3.5.2. Intervention Result: Effective Impact on Wind Speed and Solar Radiation

The result indicates that the solar radiation and wind are the more sensitive elements:
The solar radiation and wind are more sensitive to landscape elements, which showed
significant changes post microclimate landscape design. After the intervention, the average
wind speed was reduced by 17.2% (22.8–30.2% in the focused area), and the average solar
radiation was reduced by 25.2% (Figure 9).

3.5.3. Intervention Result: Effective Impact on Human-Level Thermal Comfort

The result indicates that the landscape intervention is effective in ameliorating heat
stress and cold stress at the human level (1.5m).

In the water plaza (Figure 10a), COMFA values were reduced from 247 to 69 W/m2.
Water mist contributed to a 79 W/m2 energy budget reduction by facilitating convective
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and evaporative heat loss, and the tree canopy contributed to a 99 W/m2 energy budget
reduction by blocking solar radiation.
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interventions.

In the amphitheater (Figure 10b), COMFA values were reduced from 147 to 46 W/m2

during summer, where the tree canopy blocks the solar radiation, and cool grass surface
helps to reduce terrestrial radiation. During the winter, the tree row and planting wall
block the wind, which helps to increase the energy budget by 22 W/m2.

In the pedestrian street (Figure 10c), during summer, COMFA values were reduced
from 149 to 42 W/m2, where the south-east rooftop and tree shade contribute to a 107 W/m2

energy budget reduction by blocking solar radiation and cooling the ground surface.
In the "green patch with the vertical wall" (Figure 10d), the vertical structure disturbs

the canyon wind field, and aligns with the tree row to reduce the wind speed. As a result,
COMFA increased from −101 to −55 W/m2 during winter, indicating that the thermal
comfort level rose from "cold" to "near neutral".
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4. Discussion

In this study, we aimed to propose a revised evidence-based landscape architecture
design framework by building on the previous literature and applying it to a case study in
El Paso, Texas. A six-step EBLA methodology was summarized and combined with the
EBLA diagram proposed by Brown and Corry (Figure 1), in order to generate a revised
EBLA framework. The analysis identified that solar radiation and wind are the most
sensitive microclimate elements that respond to design strategy. The air temperature and
relative humidity were determined to be the least sensitive. Based on the microclimate
condition, we developed a series of toolkits to adjust the site's ambient environment. The
ENVI-met simulation was deployed again after the design intervention, working as the
tool to quantitatively evaluate the landscape performance. In summary, the application of
EBLAF in the El Paso deck park design demonstrates the detailed steps of the methodology.
The design strategy is not restricted to the aesthetic value, but focuses on the relationship
between human biometeorology outcomes and the built environment, and produces quan-
titative data to objectively measure the landscape performance. In the paragraphs that
follow, we will discuss the findings and implications, the limitations, and the questions for
the future.

4.1. Findings and Implications

This study revised the previous EBLA methodology and considered the design opti-
mization process as the inherent process in the EBLAF [15]. In design practice, the collection
of detailed information is often a step-by-step process, and when a design strategy is ap-
plied, it must respond to the newly collected information, and vice versa. In other words,
with increasingly detailed information being collected, the design strategy is optimized,
and the optimized design strategy unavoidably raises more questions, which require the
need to collect more information to answer. We propose this iterative optimization process
as the necessary step in the EBLAF.
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The EBLAF considers the quantitative evaluation of landscape performance as a
necessary step, which is consistent with the suggestion by Brown and Corry [5]. The
outcome of the design intervention should be objectively measured, described, and archived
in the knowledge pool [16]. It works as a piece of existing knowledge, ready to be critically
applied to the future landscape design project.

For the site in El Paso, our study demonstrated that solar radiation and wind speed
are more sensitive to landscape design intervention, compared to air temperature and
relative humidity. This finding is consistent with previous studies [11,20]. Although water
mist and fountains could effectively reduce the air temperature and increase the relative
humidity, they only function effectively in a small area. We suggest that the designers and
policymakers focus on adjusting the solar radiation and wind speed to control the overall
ambient environment. Water features should target key areas, such as the functional area
designed for vulnerable groups.

Extreme heat threats exist in El Paso during the daytime. With more than 300 annual
sunshine days, the lack of tree canopy and shade structures are bound to cause heat threat.
This heat threat is particularly severe in those areas paved with asphalt and concrete.
Considering that the local impervious ratio is increasing, policymakers and designers
should be aware of the potential heat risk that could be amplified by impervious pavers,
and consider alternative ways to reduce the heat risk, such as increasing the shade structure
or reducing the impervious pavers.

Those regions under extreme heat threat could also have cold stress issues. This can be
especially true in desert areas, where the air temperature drops drastically after sunset, and
the urban canyon effect can increase the wind speed. This combination can increase the
convective heat loss, and intensify the cold stress. Landscape architects and urban planners
should be aware of the potential cold risk and design the urban environment accordingly.

The study demonstrated the effectiveness of EBLAF, which succeeded in adjusting
the ambient environment in the desert climate region. After the intervention of the design
toolkits, the heat threat during the daytime was reduced from extremely hot to neutral or
nearly neutral. In addition, the cold threat during the night time was reduced from “cold”
to “near neutral”.

4.2. Limitations

The only way that the effect of a design can be truly tested is to construct the new
landscape and then measure the effects on the microclimate. This was not feasible in this
study, so the only on-site measurements were taken before design and the result was tested
through validated models.

4.3. Future Research

The framework should be applied to other problems in the landscape, and when
possible, should be tested through measurements taken before and after development. As
the study only includes the desert climate zone, future studies could apply the method into
various climate zones to test the reliability, and furthermore compose a set of landscape
solutions dealing with various problems in specific regions. Although CFD simulation has
the potential to test the landscape performance, the lack of plants and material parameter
databases (especially in the U.S. and some European countries) could prevent practitioners
from using the simulation tool. Future studies could aim to conduct surveys in terms of
representative plants and material, to enrich the database of the basic material parameters.

5. Summary

The EBLA Framework considers a solid analysis of landscape performance as the
core content. The framework is also applicable when facing different types of problems in
the landscape. For example, a modified framework could be used in green infrastructure
planning to control the pollution based on the L-THIA model [29], and landscape planning
to reduce coastal hazard [30].
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Through the computer model simulation and energy budget calculation, the EBLA
methodology enables the designer to have a preview of the design result. The design pro-
cess provides a wide range of solutions and scenarios, accompanied by solid performance
prediction. In the design practice, it could test multiple choices and predict the result at a
very low cost.

CFD simulation could be able to report very detailed microclimate data at both spatial
and temporal levels. Unlike the traditional monitor, which often costs a lot of time and
money to document the physical condition of the site, the CFD simulation is not limited by
time and location.

The hot area can also be at the risk of cold: With the mixed desert climate, the air
temperature is very low after sunset, which could be amplified by the strong canyon wind
and thus cause the huge convective heat loss.

The EBLA framework is universal and can be applied to any problem in any landscape.
It will help to make landscape architecture a more scholarly profession and will lead to
improved environments.
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Nomenclature

UHI Urban Heat Island
GCC Global Climate Change
EBP Evidence-Based Practice
EBD Evidence-Based Design
EBLA Evidence-Based Landscape Architecture
EBLAF Evidence-Based Landscape Architecture Framework
CFD Computational Fluid Dynamics
RMSE Root Mean Square Error
COMFA COMfort FormulA (COMFA) energy budget model
M Metabolic energy for heating the body (W/m2)
Rabs Absorbed solar and terrestrial radiation (W/m2)
Conv Sensible convective heat exchange (W/m2)
Evap Evaporative heat loss (W/m2)
TRemitted Emitted terrestrial radiation (W/m2)
L-THIA Long Term Hydrologic Impact Analysis
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