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Landscape architecture educators
and landscape architects conducted
primary field research on seed
germination rates for the sediment
landscape of Hart-Miller Island

in the Chesapeake Bay, Maryland.
Field research included a transect
study and measurements of water
levels, soil pH, vegetative cover,
and plant diversity in quadrats. The
findings show significant variance
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Executive Summary

Landscape architecture is inherently a science, technology, engineering, and

mathematics (STEM) discipline. Landscape architects are educated in and
routinely apply the physical and natural sciences, technology, engineering,
and mathematics in the planning and design of sites where millions of people
live, work, and play.

Increased recognition in recent years of the natural and built landscapes’
impact on human health and well-being has underscored the need for landscape

architecture professionals to be educated and trained in the sciences. The pro-
fession has responded by intensifying efforts to center landscape architecture

education and licensure around STEM disciplines. In addition, the increasing
number of federal and state government bodies defining landscape architecture

as a STEM profession demonstrates the growing awareness that the sciences

play a primary role in preparing landscape architects to address some of our

most challenging problems.

While the evidence is clear that landscape architecture is a STEM discipline
and profession, some organizations and government entities do not officially
recognize this. The American Society of Landscape Architects (ASLA) and its

Landscape architects apply their
in depth knowledge of natural
sciences, hydrodynamic modeling,
and coastal systems engineering to
plan and design reef barriers that
protect against wave damage and
erosion and create new wildlife
habitat.

Credit: Living Breakwater,
Staten Island, NY.
SCAPE Landscape Architecture
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15,000 members are working to ensure that landscape architecture is rightfully
recognized and designated as a STEM discipline and profession by a myriad
of governmental bodies and STEM-focused organizations.

This white paper reviews the evidence that demonstrates that landscape archi-
tecture sits firmly within the category of STEM disciplines. It reviews the
current state of landscape architecture education and licensure with respect
to STEM disciplines and compares landscape architecture education to the
educational content of other fields that are widely considered to be STEM. It
explores the high degree to which landscape architecture education programs
engage in research and innovation using STEM concepts to craft real-world
solutions to complex problems. This paper also reviews the numerous govern-
mental agencies at the federal and state level that already define landscape
architecture as a STEM discipline.

Although there currently is no uniform definition of a “STEM discipline,” the
interagency Standard Occupational Classification (SOC) Policy Committee
recommended in 2012 that landscape architecture be included in the scope
of STEM occupations under an Architecture Occupations subgroup, a move
approved by the Office of Management and Budget in 2017. Further, several
states formally define landscape architecture as a STEM discipline.

Landscape architecture also is defined by a number of federal programs and
agencies in ways that highlight the central role that STEM disciplines play in
its educational curricula, including the Classification of Instructional Programs
(CIP), which defines landscape architecture (CIP code 04.0601) as a program
that “[i]ncludes instruction in geology and hydrology; soils, groundcovers, and
horticultural elements.”

Landscape architects are educated, trained, and tested on a set of knowledge,
skills, and abilities that are undoubtedly within STEM disciplines. The Land-
scape Architectural Accreditation Board (LAAB), which sets accreditation
standards for degree programs in landscape architecture, requires accred-
ited programs to “establish learning outcomes that” include competency in
numerous STEM disciplines. In addition, one of the Core Values that LAAB
requires academic programs to embed into their curricula, policies, community,
processes and activities is “Application of the Sciences to the Design of Natural
and Built Landscapes.” The strong presence of STEM in landscape architecture
education has been affirmed by landscape architecture programs at nearly
every U.S. institution of higher education that offers degrees in the field.
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The technical complexity of landscape architecture and its impact on public
health, safety, and welfare have led all 50 states and the District of Columbia to
require practitioners to be licensed. Landscape architects must pass a national
registration exam, the Landscape Architecture Registration Exam (LARE),
before they can be licensed by the state boards of registration. Two of the
LARE’s four sections—Inventory and Analysis (Sec. 2) and Grading, Drainage,
and Construction Documentation (Sec. 4) —focus almost exclusively on sci-
entific, engineering, technological, and mathematical knowledge.

Landscape architecture programs frequently and consistently engage in
research and innovation—including the development of new technologies—in
the pursuit of solutions to problems that confront the natural and manmade
environments. Surveys by ASLA and others have found a sizable number of
examples of programs using scientific methods to discover forward-thinking
design solutions to climate change, food insecurity, water quality and other
pressing concerns. Landscape architecture programs also have engaged in the
development of patentable technologies and innovation.

U.S. landscape architecture degree programs include as much or more STEM
content as degree programs for related disciplines commonly considered to
be STEM. A 2019 analysis of two such programs—environmental studies (CIP
code 3.0103) and sustainability studies (CIP code 30.3301) —in comparison
with a landscape architecture program reveals that the landscape architecture
program has higher overall STEM content than those on the DHS-approved list.
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Introduction: Landscape Architecture and STEM

HYDROSUITABILITY HYDROLOGIC FUNCTIONAL ZONES

Landscape architecture is a discipline that requires education in and the appli-
cation of science, technology, engineering, and mathematics (STEM) as part
of its academic foundation and its professional practice.

As a field rooted in the natural, physical, and human sciences, landscape
architecture education prepares future practitioners to use science, technol-
ogy, engineering, and mathematics to develop innovative solutions to design
challenges in the built and natural environments. Because each landscape
architecture project is unique, developing site-specific solutions that rely on
the natural, physical, and human sciences is fundamental to the education,
training, and practice of landscape architecture.

Landscape architects continue to spearhead the innovative application of
the physical and human sciences toward solving problems of nature-human
interactions. The profession applies technology in cutting-edge materials and
processes to improve the efficiency, functionality, and health of our natural
and built environments. Landscape architects engage in engineering-based
design processes to protect the health, safety, and welfare of the public, and to

Landscape architects map
hydro-geologically-sensitive
landscape factors in GIS, including
floodplains, slopes, risers, geologi-
cal formation boundaries, and soils,
in order to create sustainable water
management zones as part of a new
masterplan.

Credit: 2018 ASLA Professional
Analysis and Planning Honor
Award. From Pixels to Steward-
ship: Advancing Conservation
Through Digital Innovation.
Andropogon Associates.
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create lasting value in the built environment. Finally, landscape architecture’s
practical application of mathematics is inherent in the day-to-day practice
of the profession, occurring as part of the calculations in everything from
construction cost estimates to the complex biochemical reactions of pollutant
removal.

In addition to leading planning and design projects, landscape architects are
also critical members of interdisciplinary teams that have been assembled to
address specific design or research challenges. This is due to landscape archi-
tects’ grasp of the scientific implications of the function and value of natural
systems, along with their ability—honed through education and training—to
create innovative design solutions.
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1. Definitions Of STEM 1 Science, Technology, Engineer-
ing, and Mathematics (STEM)
Education: An Overview

1.1 Lackof aUniform STEM Definition 2 Other federal agencies and pro-
grams that use the SOC include
the Department of Commerce

There currently does not exist a single, uniform definition on what constitutes (Gensus Bureau), Department

a “STEM discipline.” As the Congressional Research Service (CRS) notes: of Defense, Department of
Education, Department of Labor
(Employment and Training Ad-

Whether it is visas for foreign workers, scholarships for STEM majors, ministration), Equal Employment

or funding for scientific research, the question of what is meant by the Opportunity Commission, and

term STEM is central to the federal policy conversation. Some federal the National Science Foundation
(https://www.bls.gov/soc/socimp.

agencies, such as the National Science Foundation (NSF), generally use a htm).

broader definition of STEM that includes psychology and the social sci-
3 https://www.bls.gov/soc/home.
htm

ences (e.g., political science, economics) as well as the physical and life
sciences and engineering (e.g., physics, chemistry, biology, mathematics).
Others, including the Department of Homeland Security (DHS) and the * Microsoft Word - Attachment A

STEM.docx (bls.gov)

U.S. Immigration and Customs Enforcement (ICE), use a narrower defini-
tion that generally excludes most (but not all) social sciences and focuses
on mathematics, chemistry, physics, computer and information sciences,
and engineering. . . . However, some analysts argue that field-specific
definitions are too static and that definitions of STEM should focus on “an
assemblage of practices and processes that transcend disciplinary lines

and from which knowledge and learning of a particular kind emerges.” The

lack of a common definition for STEM has contributed to confusion, and
even contradictory findings, in federal agency, academic, and nonprofit
research on the condition of the U.S. STEM workforce and labor supply.!

1.2 Standard Occupational Classification

Managed by the Bureau of Labor Statistics (BLS), the Standard Occupational
Classification (SOC) system is a federal statistical standard used by a number
of federal agencies? to classify workers into occupational categories “for the
purpose of collecting, calculating, or disseminating data.”

The interagency SOC Policy Committee addressed the lack of clarity around a
definition of STEM in 2012, noting that “[t]he acronym ‘STEM' is widely used
in discussions across government, academia, and business, given increased
emphasis on innovation and its implications for the economy and labor market.
The discussion and analyses quickly get confounded since there is no commonly
agreed upon definition of STEM.”*
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https://files.eric.ed.gov/fulltext/ED593605.pdf
https://files.eric.ed.gov/fulltext/ED593605.pdf
https://files.eric.ed.gov/fulltext/ED593605.pdf
https://www.bls.gov/soc/socimp.htm
https://www.bls.gov/soc/socimp.htm
https://www.bls.gov/soc/home.htm
https://www.bls.gov/soc/home.htm
https://www.bls.gov/soc/Attachment_A_STEM.pdf
https://www.bls.gov/soc/Attachment_A_STEM.pdf

As aresult of the confusion, the U.S. Office of Management and Budget (OMB)
asked the SOC Policy Committee (SOCPC) in 2011 to make recommendations
for defining STEM occupations “in order to enhance comparability of data
across statistical agencies and organizations studying the STEM workforce
for policymaking purposes, including educational and workforce planners.”

In 2012, SOCPC disseminated recommendations for defining STEM occupa-
tions. According to CRS, “The SOC Policy Committee recommended that STEM
occupations fall into two domains: (1) Science, Engineering, Mathematics, and
Information Technology, and (2) Science- and Engineering-Related.”®

In addition, within the domains the Committee identified five types of STEM
occupations:

= Research, Development, Design, or Practitioner Occupations
o Technologist and Technician Occupations

o Postsecondary Teaching Occupations

o Managerial Occupations

o Sales Occupations

Within the Science and Engineering-Related Domain, the Committee recom-
mended two subgroups, Architecture Occupations and Health Occupations.
Under Architecture Occupations, the Committee identified landscape architec-
ture (SOC 17-1012) as a STEM occupation as a “Research, Development, Design,
or Practitioner Occupation.””

The 2012 recommendations were included in the 2018 SOC update, published
by the Office of Management and Budget (OMB) on November 28, 2017.2 (See
Appendix A)

5 Ibid.

¢ Science, Technology, Engineer-
ing, and Mathematics (STEM)
Education: An Overview

7 Attachment_ STEM.xIs (bls.gov)

8 Attachment_C_2018 (bls.gov)
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2. Landscape Architecture Definitions and Scope

Jan Feb March April May June July Aug Sept Qct

Average Dissolved Oxygen (mg/L) by Station

Station Locations

Landscape architecture encompasses the analysis, planning, design, manage- Landscape architects led a

ment, and stewardship of the natural and built environment.

2.1 American Society of Landscape Architects Definition

of Landscape Architecture

Landscape architects plan and design the spaces outside buildings and struc-

team conducting field research

on dissolved oxygen levels in
Baltimore’s inner harbor with the
National Aquarium and found that
the harbor’s excessive nutrients
from stormwater runoff can fuel
an explosion of algae populations.
The resulting algae bloom removes
available oxygen from the water
column, which in turn causes a

tures, as well as spaces on rooftops and over structures, including community fish Kill.

master plans, multimodal transportation networks, transit-oriented devel-

opment, park and outdoor recreation spaces, water and stormwater manage-

Credit: ASLA 2018 Professional
Research Honor Award. Urban

ment infrastructure, streetscapes, and more. Furthermore, as the impacts of Aquatic Health: Integrating New
climate change intensify, landscape architects are leading efforts to conserve Technologies and Resiliency into

water, protect food sources, prevent surface water and groundwater pollution,

Floating Wetlands. Baltimore,
Maryland. Ayers Saint Gross.

mitigate storm surge flooding and sea-level rise, protect against and manage Client: National Aquarium

wildfires, and more.
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The American Society of Landscape Architects (ASLA) defines landscape archi-
tecture as “any service where landscape architectural education, training,
experience, and the application of mathematical, physical, social, and natural
science principles are applied.”

2.2 Federal Government Definitions of Landscape
Architecture

Several federal agencies and programs define landscape architecture in ways
that highlight the connections of the discipline to the sciences.

Classification of Instructional Programs (CIP)

The Classification of Instructional Programs (CIP) “provides a taxonomic
scheme that supports the accurate tracking and reporting of fields of study
and program completions activity. CIP was originally developed by the U.S.
Department of Education’s National Center for Education Statistics (NCES) in
1980, with revisions occurring in 1985, 1990, 2000, 2010 and 2020.”1°

The 2020 update of the CIP defines landscape architecture (CIP code 04.0601) as:

“A program that prepares individuals for the independent professional
practice of landscape architecture and research in various aspects of the
field. Includes instruction in geology and hydrology; soils, groundcovers,
and horticultural elements; project and site planning; landscape design,
history, and theory; environmental design; applicable law and regulations;
and professional responsibilities and standards.”*

Department of Defense

The U.S. Department of Defense’s (DoD) Unified Facilities Criteria (UFC) pro-
vides planning, design, construction, sustainment, restoration, and modern-
ization criteria for military departments, for defense agencies, and for DoD
Field Activities. UFC are used on all DoD projects and work for other customers
where appropriate.'2

The UFC defines landscape architecture as a field that:

“combines ecology, hydrology, engineering, planning, and functional design
to create successful DoD facilities that achieve the following goals:

o https://www.asla.org/uploaded-
Files/CMS/Advocate/Public_Pol-
icies/ Public/Licensure_Defini-

tion_of Prac-tice.pdf

10 CIP user site (ed.gov)

11 CIP user site (ed.gov)

12 UNIFIED FACILITIES CRITERIA
(UFC) DoD MINIMUM ANTI-
TERROR- ISM STANDARDS FOR
BUILDINGS -UNT Digital Library
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https://www.asla.org/uploadedFiles/CMS/Advocate/Public_Policies/Public/Licensure_Definition_of_Practice.pdf
https://www.asla.org/uploadedFiles/CMS/Advocate/Public_Policies/Public/Licensure_Definition_of_Practice.pdf
https://www.asla.org/uploadedFiles/CMS/Advocate/Public_Policies/Public/Licensure_Definition_of_Practice.pdf
https://www.asla.org/uploadedFiles/CMS/Advocate/Public_Policies/Public/Licensure_Definition_of_Practice.pdf
https://nces.ed.gov/ipeds/cipcode/Default.aspx?y=56
https://nces.ed.gov/ipeds/cipcode/cipdetail.aspx?y=56&cipid=90276

2.3

Protect the health, safety, and welfare of all users.
Elevate Installation functionality and appearance to
enhance the quality of life.

Establish a sense of place and unique identity.
Preserve cultural and historic landscapes.

Provide spaces considering ‘human factors.’
Achieve environmentally sustainable development and
operations.

Protect natural communities of plants and wildlife.
Meet DoD requirements for outdoor water use and
management.

Utilize operation and maintenance plans to ensure
successful long-term viability of landscapes.”?

State Government Definitions of Landscape Architecture

While each state has its own definition of landscape architecture, most are

similar in nature to that of the Commonwealth of Virginia:

“Landscape architect” means a person who, by reason of his special knowl-

edge of natural, physical, and mathematical sciences, and the principles

and methodology of landscape architecture and landscape architectural

design acquired by professional education, practical experience, or both,

is qualified to engage in the practice of landscape architecture and whose

competence has been attested by the Board through licensure as a land-

scape architect.”**

As noted above, landscape architecture is defined in federal guidelines and

state licensure legislation as a profession whose practitioners require exten-

sive education in—and routinely practice—the physical and natural sciences

in the pursuit of innovative design solutions to shape the natural and built

13 JFC 3-201-02 Landscape

Architecture, with Change 1

(wbdg.org).

14 § 54.1-400. Definitions
(virginia.gov)

environments.
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https://www.wbdg.org/FFC/DOD/UFC/ufc_3_201_02_2020_c1.pdf

3. Landscape Architecture Education and Licensure

In order to practice the profession, landscape architects are educated, trained,

and tested on a set of knowledge, skills, and abilities that sit firmly within
STEM disciplines, including:

o  site design

o land planning

o grading

o drainage

= stormwater management

o horticulture

o environmental sciences

o site suitability

o erosion control

o hydrology

o irrigation

o vehicular and pedestrian circulation
o roadway alignment design

o manipulation of contours and spot elevations

Landscape architects are also
educators who teach undergrad-
uate and graduate students with
the latest technologies, such as this
dynamic modeling and geo-mor-
phological table that helps students
understand how vegetation and
creek structures affect flood
control.

Credit: 2019 ASLA Professional
Analysis and Planning Honor
Award. Public Sediment for
Alameda. SCAPE Landscape
Architecture.
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o calculations of slopes, grades, and volumes of material 15 LAAB, “Accreditation Standards

o design of surface and subsurface storm drainage, including For Professional Programs
in Landscape Architecture,”

hydraulic characteristics and storm drain connections Updated September 2021

o site planning for buildings and other structures; and
o the research of innovative design solutions.

3.1 Landscape Architecture Education Requirements
and STEM

Landscape architects are educated, trained, and tested on numerous STEM
disciplines that comprise the core of the landscape architecture education.

In the United States, the Landscape Architectural Accreditation Board (LAAB)
specifies standards for the accreditation for programs offering professional
degrees in landscape architecture, including bachelor or master of landscape
architecture (BLA or MLA). (See Appendix B)

The Landscape Architectural Accreditation Board (LAAB) is recognized by
the Council for Higher Education Accreditation as the accrediting agency
for first-professional baccalaureate and master’s degree programs in land-
scape architecture in the United States. Currently, LAAB accredits at least
one program at 73 institutions in the United States. There are 53 accredited
MLA programs and 47 accredited undergraduate programs. In addition to
the accredited programs, one MLA program has achieved candidacy status. A
program that has candidacy status has made a commitment to apply for initial
accreditation within twelve months of its first graduating class.

LAAB requires academic programs in landscape architecture to “embed [six]
Core Values into its curriculum, policies, community, processes, and activities,
and identify and engage in contemporary issues in alignment with these Core
Values.” One of those Core Values is “Application of the Sciences to the Design
of Natural and Built Landscapes”:

“As practitioners of a discipline firmly rooted in the natural, physical,
and social sciences, landscape architects utilize science, technology,
engineering, and mathematics to develop innovative, site-specific design
solutions that protect human health and safety and the environment.”*s

Furthermore, the LAAB requires that accredited landscape architecture pro-
fessional degree programs “shall establish learning outcomes that shall include
competency in,” among other criteria, the knowledge of:
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“the application of the natural, physical, and social sciences in the
development of site-specific design solutions”;

“Plants, Ecosystems, and Climate Science, i.e., the abiotic and biotic
aspects of ecosystems associated with natural and constructed land-
scapes; application of ecology, botany and horticulture principles to
the design of the landscape; knowledge of soil science and geology
and their impact on the landscape; impacts associated with landscape
engineering, development, post construction management and main-
tenance; and the interrelationships between ecosystems and climate.”;
and

“the use of behavioral sciences to assess the impacts of design within
diverse social, human, economic and environmental systems.”

Additionally, the LAAB standards require that accredited landscape
architecture professional degree programs “shall establish learning
outcomes that shall include competency in,” among other criteria,
skills and competencies in:

the “assessment, i.e., analysis of the physical, biotic, climatic, and
cultural context of a project”;

the “application of the natural, physical, and social sciences in the
development of innovative and site-specific design solutions;”

the “integration of materials, engineering, specifications, and con-
struction techniques in a design proposal;”

“applying quantifiable principles and practice of engineering includ-
ing of grading, drainage, water quality and management, and other
landform processes to design landscapes that are accessible, safe, and
ecologically sustainable;” and

“Numeracy/Quantification, i.e., the mathematical calculations to
inform and substantiate design and construction performance.”®

16 Ibid.
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3.1a Typical Landscape Architecture Curricula 17 ASLA, Survey of Landscape
Architecture BLA/MLA

Programs, 2021
Although each landscape architecture program is somewhat different, every &

LAAB-accredited program must meet the requirements above. 18 https://www.asla.org/uploaded-
Files/ASLAProgramSignonState-

ment-20210907.pdf

As such, landscape architecture students are required to take courses in numer-
ous STEM disciplines. A 2021 survey of U.S. landscape architecture schools
conducted by ASLA found that bachelor’s and master’s degree programs in land-
scape architecture contain numerous courses with significant STEM content:

Average Number of Required Courses with STEM Content in U.S. (See Appendix E for detailed
Landscape Architecture BLA/MLA Programs*? ;‘;z;n;zzg‘:of:;’en:s;zlz::;)
BLA MLA

Botany/Horticulture 4.2 2.6

Construction Materials/Methods 4.2 2.8

Ecology 4.7 3.8

Engineering 2.8 2.5

Geology 2.7 0.8

Hydrology 3.0 1.6

Mathematics 2.3 1.1

Stormwater Management/Drainage 3.3 1.9

Sustainability Studies 5.7 4.4

Vehicular/Pedestrian Circulation/ 3.3 2.1

Roadway Alignment/Design

3.1b Consensus Among Educational Institutions

The centrality of STEM disciplines in landscape architecture education is
further demonstrated by the strong consensus of the landscape architecture
academic community that landscape architecture is a STEM field.

There are currently 100 accredited landscape architecture undergraduate
and graduate degree programs at 73 institutions of higher learning across
the United States. In August 2021, programs at 72 out of the 73 institutions of
higher education that offer landscape architecture degrees signed a statement
expressing their “continued commitment to the formation of rigorous academic
programs grounded in the sciences and responsive to the needs of the planet
and all its inhabitants.”*#
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As the statement notes: 19 1hid.

“Through the rigorous study of the sciences, technology, engineering, and
mathematics, our students develop the ability to make design decisions that
are grounded in scientific principles. Our programs recognize that only
through following the science will we be able to address the most harmful
impacts of climate change. That is why we require students to take classes
in ecology, geology, biodiversity, horticulture, engineering and site design,
water management, sustainability studies, climatology, and other scientific
disciplines as an integral part of their education.”** (See Appendix C)

3.2 Landscape Architects’ Professional Licensure
Requirements and STEM

Landscape architects are charged to ensure the health, safety, and welfare of
the users of all their works. The technical complexity of landscape architecture
and its impact on public health, safety, and welfare have led all 50 states and
the District of Columbia to require practitioners to be licensed. In addition to
meeting education and experience requirements, candidates for landscape
architecture licensure must pass a national registration exam—the Landscape
Architecture Registration Exam (LARE)—before they can be licensed by the
state boards of registration.

The Landscape Architect Registration Examination (LARE) is a four-part, fully
computerized examination designed to determine whether applicants for
landscape architectural licensure possess sufficient knowledge, skills, and
abilities to provide landscape architectural services without endangering the
health, safety, and welfare of the public. The LARE is prepared and scored by the
Council of Landscape Architecture Registration Boards (CLARB) in accordance
with all current standards for fairness and quality of licensure exams. All
sections of the LARE are administered by CLARB, and all candidates register
for the exam on the CLARB website. While the requirements to sit for the exam
vary by jurisdiction, the exam, its administration dates and procedures, and
its standards for passing the exam are the same in every jurisdiction.

The content of the LARE is based on the results of a scientific “job analysis”
survey conducted every five to seven years. The most recent survey was admin-
istered in early 2016 and included the participation of more than 5548 practicing
landscape architects from the United States and Canada. The survey results
were analyzed by a group of subject matter experts, composed of licensed
landscape architects from diverse areas of practice and locations across the
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continent. Survey respondents were asked to rate all job tasks on three separate 20 Take the Exam FAQs (clarb.org)
scales: how frequently the tasks were performed, how important the tasks were
. 21 Landscape Architect Registration
to successful performance of the job, and whether successful performance of Examination (clarb.org)
each task was required at initial licensure.?°

22 See Appendix D for full listing of

Section 1 — Project and Construction Management LARE content.

Section 2 — Inventory and Analysis

Section 3 — Design

Section 4 — Grading, Drainage, and Construction Documentation®!
In particular, Sections 2 and 4 of the LARE focus on scientific, engineering,
technological, and mathematical knowledge:*
Section 2: Inventory and Analysis
Tests a candidate’s knowledge of inventory, data gathering and analysis tech-
niques, and the conceptual decision-making process that occurs before site
planning. Topics include site suitability, functional relationships, land use
planning, principles of design, and stormwater management. An analysis of
existing conditions may include site use, circulation, utility, microclimate,
floodplain conditions, soil, slope, solar, surface hydrology, and other factors.
Knowledge, Skills, and Abilities (KSA) tested in Section 2 include:

o Perform Circulation Analysis

o Interpret Utility Analysis

o Perform Micro and Macro Climate Analysis

o Perform Hydrological Analysis

o Perform Vegetation Analysis

o Interpret Ecological Analysis

o Perform Topographical Analysis

o Interpret Soil and Geotechnical/Geological Analysis

o Interpret Environmental Studies

o Interpret Economic Analysis
Section 4: Grading, Drainage, and Construction Documentation
Tests KSAs required to manipulate the surface of the land and constructed
features to meet design objectives and to direct surface and subsurface water.
The grading portions of the section require examinees to manipulate contours
and spot elevations, calculate slopes, grades, and volumes of material, facilitate
the removal of stormwater, and change the elevations of the existing landscape
toaccommodate buildings, structures, and vehicular and pedestrian circulation
systems. The drainage portions of the section test the ability to design surface
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ASLA.ORG Is a STEM Discipline Education and Licensure

18/47



and subsurface storm drainage systems, including hydraulic characteristics

and storm drain connections, to effectively and safely manage stormwater.

KSAs te

sted in Section 4 include:

Prepare Soil Boring Location Plan

Develop Stormwater Pollution Prevention Plan
Develop Site Protection Plan

Develop Mitigation Plan

Develop Grading and Drainage Plan

Develop Planting Practices, Plans, Notes and Schedules
Develop Materials Plan

Prepare Site Infrastructure Plan

Develop Irrigation Plan

Prepare Lighting Plan

Prepare Stormwater Management Plan
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4. Landscape Architecture Education’s Use of

STEM-Related Research, Innovation And Technology

U.S. Patent

Jun. 15, 2021

Sheet 2 of 5

FIG. 3

US 11,034,415 B2

As a discipline rooted in the application of the natural and physical sciences
to address real-world challenges, landscape architecture programs in the
United States frequently and consistently engage in STEM-based research
and innovation—including the development of new technologies—in the
pursuit of solutions to a wide range of problems that confront the natural and
manmade environments.

Surveys of landscape architecture programs by ASLA and others have found a
sizable number of examples where faculty and students collaborate on research
and innovation projects using scientific methods—and in many cases, with
the involvement and financial support of federal and state government agen-
cies—that unlock new ways to harness technology and the natural and physical
sciences toward forward-thinking design solutions to climate change, food
insecurity, water quality and other pressing concerns.

In addition, landscape architecture programs have engaged in the develop-
ment of patentable technologies and innovation; in fact, the patent classifi-
cation system used by the federal government and the continuing education

In 2021, landscape architecture
educators received a patent for
their permeable floating con-

crete vessel devised for creating
floating aquatic habitats. The
vessel includes an interior space to
hold growth material, plants, and
channels to enable plant roots to
spread throughout the water.

Credit: Boswell, J., Koelsch,

M. Burris, L. (2021) Permeable
Concrete Vessel for Creating
Floating Aquatic Habitats (U.S.
Patent No. 11,034,415 B2). Ohio State
Innovation Foundation, Columbus,
Ohio. Foundation. U.S. Patent and
Trademark Office.
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requirements of numerous states reflect the fact that there is significant pat-
entable technology and innovation in the landscape architecture field.

4.1 Research

ASLA research has shown that the vast majority of landscape architecture

programs engage in cutting-edge research, using science, engineering, math-
ematics, and technology to explore important issues related to physical and
manmade landscapes. Such research is performed by both faculty and students,
and in many cases is funded through grants from the federal government, state

governments, or private institutions.

The research covers a wide range of topics, including stormwater control,
coastal protection, forestry, food insecurity and agriculture, and land use and
renewable energy, among others. Schools conduct this research using a variety
of scientific methods and technological tools, including:

o Augmented reality and Al
o Hydraulic modeling

= Robotic fabrication

o GIS technology

o Parametric studies

Numerous schools have received grant funding from, or are working in part-
nership with, federal agencies, including the National Science Foundation
and the Departments of Agriculture, Defense, Health and Human Services,
and Transportation.

Below are examples of some of these research endeavors.

1. Stormwater Control and Coastal Restoration, Auburn University

School of Architecture, Planning & Landscape Architecture

Landscape architecture faculty in the School of Architecture, Planning &
Landscape Architecture at Auburn University are part of Auburn’s Green
Infrastructure Team, which uses the school’s Green Infrastructure Lab
to research quantifying low impact development stormwater control
measures to mitigate thermal gain and heat island effect. Thermal gain
to in shore waters causes Harmful Algal Blooms (HABs) that reduce the
availability of water oxygen to aquatic species. The faculty work with the
Mississippi Alabama Sea Grant Consortium (MASGC) and the Alabama
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Department of Environmental Management (ADEM) to quantify thermal 2 https://www.nsf.gov/award-
search/showAward?AWD

gain of stormwater flowing over impervious surfaces.
[D=1830642

In addition, Auburn faculty also have a collaborative project funded in part
by the U.S. Army Corps of Engineers to help improve the design, function,
and efficacy of coastal infrastructure nationally through innovative design

concepts for water-related infrastructure like levees, jetties, and dams.
The USACE’s Engineering With Nature® (EWN®) initiative uses combined

natural and engineering processes to provide economic, social, and envi-
ronmental benefits to the public. Faculty will apply landscape architecture

approaches to USACE infrastructure projects to help ensure they are ben-
eficial to local communities not only in terms of their primary engineered

functions, but also in terms of ecology, recreation, and aesthetics.

2. Autonomous Vehicles and Urban Design, lllinois Institute
of Technology Landscape Architecture + Urbanism
Faculty in the Illinois Institute of Technology Landscape Architecture +
Urbanism program serve as co-primary investigators for The Driverless
City Project, which investigates the urban design implications of auton-
omous vehicles. The research has been funded by the National Science
Foundation, Illinois-Indiana Sea Grant, and the Nayar Prize. According to
the NSF grant award, “This project will investigate the critical link between
the urban landscape and navigation safety of mobile co-robots, from
self-driving cars to delivery drones, or any mobile co-robot that operates on
city streets and sidewalks. It will address fundamental questions of safety
and trust in operating ubiquitous robots in dense urban environments by
determining what changes to the urban infrastructure can simultaneously
ensure safety, usability, and environmental sustainability. It will bring
to light opportunities enabled by ubiquitous co-robots, and more to the
point it will show how to leverage that technology to make changes in the
transportation infrastructure that lead to positive changes for society.”

In awarding the grant, the NSF noted that “This award reflects NSF's stat-
utory mission and has been deemed worthy of support through evaluation
using the Foundation's intellectual merit and broader impacts review
criteria.”?

3. Diversified Farming Systems, Purdue University Horticulture
and Landscape Architecture
Faculty in the Purdue University Horticulture and Landscape Architec-
ture program are collaborating in the Diverse Corn Belt Project (#DCB), a
five-year, multi-disciplinary research project exploring opportunities to
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enhance rural resilience through landscape diversity in the Midwest. Rec-
ognizing that “more choices for crop rotation can help build soil microbial
communities, improve carbon sequestration, interrupt the buildup of pests
and pathogens in the soil, and broaden possible income streams,”2* the
project’s goal is to develop landscape planning scenarios with more than
30 research partners to investigate the real-world impacts of diversified
farming systems and understand the agronomic, economic, social, infra-
structure, and policy changes that could make them viable. A $10 million
grant from the U.S. Department of Agriculture’s National Institute of Food
and Agriculture funded this work.

The table below includes additional STEM-based research projects being con-
ducted by landscape architecture programs.

Boston Architectural College School of Landscape Architecture,
Boston, MA

The school conducts parametric studies to measure urban heat
island effects and wind patterns that could mitigate temperatures
in urban settings. During the pandemic, faculty and students uti-
lized parametric studies to analyze spatial corridors and landform
shapes to augment air flows, with the goal of preventing airborne
transmission in the public realm.

Harvard University Department of Landscape Architecture,
Cambridge, MA

Faculty founded the Ecosystem Restoration Lab to study the long-
term recovery of ecosystems degraded by human development. The
Lab's research aims to estimate how long it takes for ecosystems
to recover their less resilient attributes, such as the interactions
among soil organisms and plants. Better understanding of these
processes will enable the development of new tools that will not
only increase the currently limited performance of ecosystem res-
toration, but also increase ecological understanding of landscape
architecture.

Harvard University Department of Landscape Architecture,
Cambridge, MA

Graduate School of Design Dean’s Annual Junior Faculty Research
Grants have been awarded to the following STEM-related proj-

ects: “Sensing the Landscape: Computational Re-Making of the

24 https://diversecornbelt.org/

AMERICAN SOCIETY OF LANDSCAPE ARCHITECTS Landscape Architecture 4. Landscape Architecture Education’s

ASLA.ORG Is a STEM Discipline

Use of STEM-Related Research,
Innovation And Technology
23/47


https://diversecornbelt.org/

Environment;” “The ‘Making’ of Gangnam Alternative Nature in
Mitigating the Impact of Climate Change;” and “Understanding
the recovery of New England’s forest ecosystems after agricultural
decline to inform ecosystem restoration and landscape architec-
ture.” The GSD’s Harvard Center for Green Buildings and Cities
has awarded research grants to landscape architecture faculty
for STEM-related projects, including “Reshaping Urban Environ-
ments through Infrastructure Design Protocols;” “The Oasis Effect:
Agricultural Practices in Arid Environments;” and “Energies of the
Night: Nocturnal Public Space and Energy Policy in the Arabian
Peninsula.”

Kent State University College of Architecture and Environmental
Design, Kent, OH

As part of its applied research course "Empirical Research in
Environmental Design," faculty incorporate GIS mapping as an
analysis tool that also supports the concurrent studio course. Stu-
dents address issues within the studio brief and develop a research
method for a study site within the studio project area. Recent
courses have focused on urban forestry in the city of Cleveland
and have looked at primary source data collection methods for
geospatial analysis.

Mississippi State University Department of Landscape
Architecture, Mississippi State, MS

Faculty study methods of conserving prairie ecosystems, which
play an important role in creating more sustainable communi-
ties, boosting Mississippi's economy and ecosystems. As part of
the study, faculty tested seven different plant species native to
blackland prairies to determine whether inoculating the plants'
root systems with beneficial fungi will help them grow in a prairie
environment. In another project, faculty studied the role prairie
plants play in slowing the overland flow of stormwater in developed
areas, which could maximize its filtration into the soil to recharge
groundwater.

Pennsylvania State University Department of Landscape
Architecture, State College, PA

The school’s Stormwater Living Lab has secured funding for green
stormwater infrastructure-related research, including an ecosys-
tem services assessment for green stormwater infrastructure in
Lancaster, PA.
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Pennsylvania State University Department of Landscape
Architecture, State College, PA

Faculty lead ecological restoration research projects, implementing
and monitoring ecological restoration techniques to determine
their effectiveness in different contexts and for different species.

Pennsylvania State University Department of Landscape
Architecture, State College, PA

Through an Institute for Energy and the Environment grant,
landscape architecture graduate students are working with
students and faculty in the health sciences, veterinary sciences,
environmental sciences and landscape architecture to research
and map parameters affecting perinatal health in Pennsylvania.
This innovative interdisciplinary collaboration embeds landscape
architects within the conversation on prevention of complex real
world human health and animal health conditions.

University of Arizona School of Landscape Architecture

and Planning, Tucson, AZ

Faculty conduct research on renewable energy infrastructure and
its impacts on land use, including on the impact of utility-scale
solar photovoltaic (PV) systems on farmland and rural land-
scapes, which will provide guidance to future integrated develop-
ment with renewable energy using PV.

University of Arizona School of Landscape Architecture

and Planning, Tucson, AZ

The school created a Campus Living Lab, a green stormwater

infrastructure (GSI) “living lab” on campus designed to expand

student experiential learning, enhance research capacity and cre-
ate partnerships across disciplinary boundaries to fill critical gaps

in GSI design and ecological performance.

University of Arizona School of Landscape Architecture

and Planning, Tucson, AZ

Faculty have developed a demonstration project using agrivol-
taics, a method of growing crops under solar panels to increase
the efficiency of both. The project includes the construction of a
rooftop garden and solar panels atop a university building as a way
to demonstrate sustainability in the desert while also providing
unique research and learning opportunities for the University
community.
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University of Florida Department of Landscape Architecture,
Gainesville, FL

Faculty are currently working in partnership with the U.S. For-
est Service on a project focused on springshed management and
design in National Forests.

University of Idaho College of Art and Architecture,

Moscow, ID

The school has a National Science Foundation (NSF) research
grant to explore the nexus between food, energy, and water systems
to evaluate future scenarios for the protection and management
of natural resources, and statewide NSF Established Program to
Stimulate Competitive Research (EPSCoR) program aimed at dis-
covering fundamental knowledge of genetic mechanisms that can
predict how organisms adapt to changing environments and thus
inform evidence-based management of natural resources.

University of Kentucky Department of Landscape Architecture,
Lexington, KY

Faculty members are working with collaborators in forestry to
develop approaches to urban forest canopy improvement in four
cities, which are acting as test cases for methods development. This
project involves remote sensing, field measurement and map-
ping, urban canopy evaluation, and plans for canopy improvement,
particularly relative to climate change.

University of Nevada-Las Vegas Landscape Architecture

Program, Las Vegas, NV

The landscape architecture program is the only academic unit at
the school, which is classified as an R1-Doctoral University?® that
teaches, researches, and disseminates metrics on site engineer-
ing; stormwater management; data collection regarding urban
heatisland effect; applied urban heat island mitigation strategies;
applied environmental sustainability strategies; applied environ-
mental sustainability strategies, i.e. carbon sequestration provided
by trees; and augmented reality to teach all of the criteria listed
above. Program faculty use advanced computational modeling
and fabrication methods to evaluate and visualize desert eco-
system services for strategic development and communication of
social and environmental design.

25 The Carnegie Classification of
Institutions of Higher Education
classifies as R1 Universities those
institutions that conferred at
least 20 research/scholarship
doctorates in 2019-20 and
reported at least $5 million in
total research expenditures in
FY20. R1: Doctoral Universities
are those with “Very high
research activity;” R2 Doctoral
Universities are those with
“High research activity.” https://
carnegieclassifications.acenet.

edu/classification_descriptions/
basic.php
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University of Pennsylvania Department of Landscape
Architecture, Philadelphia, PA

The Environmental Modeling Lab (EMLab) is an applied research
unit of the Weitzman School of Design’s McHarg Center, specializ-
ing in the analysis, simulation, and visualization of environmental
systems. The EMLab works with both academic and private-sector
partners to expand the role of sensing, simulation, and modeling
within contemporary landscape architecture practice. This work
takes the form of grant and competition collaborations, consul-
tancy and landscape monitoring contracts, applied research proj-
ects, as well as speculative projects and teaching. For example, the
EMLab provides remote sensing and field collection support for
their ongoing collaboration with the U.S. Army Corps of Engi-
neers in Maurice River, NJ.

University of Southern California School of Architecture,

Los Angeles, CA

Faculty conduct research into a number of areas, including hydrau-
lic modeling, robotic fabrication, and augmented reality related

to the future of the Los Angeles River in partnership with the U.S.
Army Corps of Engineers; and serve as a research partner in the

Public Exchange Urban Trees Initiative to study spatial assessment

of urban canopy, development of shade modeling, and scenario

development for urban cooling and air pollution filtration by local

and native tree species.

University of Texas at Arlington Landscape Architecture

Program, Arlington, TX

Faculty assessed the impact of extreme weather events under
changing climate conditions on transit desert communities. Con-
ducted for the U.S. Department of Transportation’s University
Transportation Center, the study conducted a vulnerability
assessment combining storm surge and extreme rainfall projec-
tions with the Transit Deserts method that assesses geographic
vulnerability, with respect to access to employment and other
services that impact quality of life, and transit equity and access.

University of Texas at Austin Graduate Program in Landscape
Architecture, Austin, TX

Faculty have performed research into carbon accounting and
sequestration through agro-ecological restoration, funded by the
Loren Roots Initiative; the project reviewed general strategies
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for capturing carbon on the Louisiana Gulf Coast. Faculty also
conducted research into "Achievable Future Conditions as a Frame-
work for Guiding Forest Conservation and Management," which
studied how ecological responses can be evaluated at landscape or
regional scales using risk-based approaches to incorporate uncer-
tainty into forest management efforts with subsequent goals for
management based on Achievable Future Conditions (AFC).

University of Washington Department of Landscape
Architecture, Seattle, WA

Led by landscape architecture faculty, the Green Futures Lab at
UW supports interdisciplinary research and design that advances
the understanding of, visions for, and design of an ecologically
sustainable public realm. The Lab is actively collaborating with
King County and the City of Seattle to explore and assess the use
of floating wetlands to improve local water quality and provide
habitat.

Utah State University Landscape Architecture and

Environmental Planning, Logan, UT

Faculty are conducting perception research with the Department
of Defense, community integration research with the Depart-
ment of Health and Human Services' Administration for
Community Living, transportation research with the Depart-
ment of Transportation, and climate change research with the
Department of Agriculture, among others.

4.2 Technology and Innovation

At its core, landscape architecture involves applying STEM disciplines to solve
site-specific design problems; therefore it is no surprise that landscape archi-
tecture education programs place a large emphasis on utilizing technology and
scientific principles to develop innovative solutions to challenges that com-
munities face, including solutions that have broader uses beyond specific sites.

ASLA research has found that faculty and students at many landscape archi-
tecture programs have taken leadership roles in the formation of innovative
materials, techniques, and strategies to help solve problems related to the
natural and built environments. They have done so within multidisciplinary
collaborations, and with the assistance, partnership, and financial support of
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state and federal governments. Many schools have developed new techniques,
technologies, and approaches that have been used in the real world.

Such innovations range from using robot-assisted agriculture to address food
insecurity, to helping communities develop strategies to protect ecosystems and
wildlife, using computer simulation to forecast the impact of climate change
on agriculture and the landscape, and the invention of modular “living wall”
systems and other built elements to make buildings and spaces more environ-
mentally sustainable. Landscape architecture schools have collaborated with
multiple federal agencies on these and other projects, including the National
Science Foundation and the Departments of Agriculture, Defense, Energy,

Homeland Security and Interior.
Below are examples of some of these innovation and technology projects.

1. Robot-Assisted Urban Agriculture, City College of New York

Spitzer School of Architecture

Landscape architecture faculty at the City College of New York’s Spitzer
School of Architecture have established the Urban Ecology and Agriculture
Laboratory (UEAL), which designs, tests, and evaluates innovative models
of robot-assisted urban agriculture to alleviate food insecurity in US cities.
The team collaborates with scholars in environmental design, artificial
intelligence, robotics, and urban ecology.

Exploring innovative solutions that integrate sensing networks, machine

learning, and robot-assisted systems to create new types of urban agricul-
tural practice, the research has substantial potential impacts on increasing

urban food security, biodiversity, and the ability to adapt to climate change.
The project will also build collaborations with community partners and

high schools, motivating the next generation of scientists and urban farm-
ers through STEM curriculum development and community outreach.

2. Wildlife Corridor Planning and Conservation, University of Florida

Department of Landscape Architecture

Faculty in the University of Florida’s Department of Landscape Architecture
have been directly involved for nearly three decades in developing the
science foundation for wildlife corridor and landscape level conservation
planning in Florida, with practical applications at regional, state, and
international levels. This work includes development of the Florida Eco-
logical Greenways Network (FEGN), which is based on and contributes to
the best available science on landscape-level corridor design. Faculty are
also developing science related to climate-wise landscape design strategies
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as part of the Department’s Climate-Wise Landscape Initiative, working
with faculty in the Institute for Food and Agricultural Sciences. Faculty
have applied this information through local government partnerships
focused on the use of green infrastructure to increase resilience to future
hazards within disadvantaged and historic communities as part of the
Department’s Urban Green Infrastructure Initiative and the Florida Resil-
ient Cities Program, which includes development of new approaches for
assessing vulnerability and resilience in coastal areas.

Faculty also have worked in partnership with the U.S. Fish and Wildlife
Service and Air Force Civil Engineer Center (AFCEC) to create a model for
regional conservation partnerships throughout the U.S. focused on protec-
tion of conservation priorities adjacent to U.S. Air Force installations. The
goal of the Florida Strategic Plan for Sustaining Military Readiness through
Conservation Partnerships is to identify a regional natural resources man-
agement approach to help minimize encroachment threats to Air Force
missions, while identifying partner-leveraged conservation opportunities
throughout the state of Florida.

3. Hurricane-Impact Prediction Modeling, Pennsylvania State

University Department of Landscape Architecture

Faculty in the Pennsylvania State University Department of Landscape
Architecture are actively developing systems that integrate ocean and
wind models with qualitative spatial data to improve hurricane impact
prediction in systems, such as the U.S. Department of Homeland Securi-
ty-funded CHAMP (Coastal Hazard Analysis Modeling Program. A pilot
project in partnership with Rhode Island Emergency Management Agency
(RIEMA) is now being expanded regionally to be part of the National Oce-
anic and Atmospheric Administration’s (NOAA) Environmental Response
Management Application (ERMA). The research by landscape architecture
faculty facilitates real-time analysis available to end users in advance of
hurricane landfall forecasts. This work is funded by the Department of
Homeland Security Center of Excellence in Coastal Resilience.

4. Aland Machine Learning for Simulation of Site Designs,

Purdue University Horticulture and Landscape Architecture

Purdue University Horticulture and Landscape Architecture faculty are
developing an artificial intelligence and machine learning-driven auto-
mated site inventory tool using video game engines to simulate people
and objects in as-yet unbuilt proposed designs for testing and visual-
ization. This involves using programming, data-curation principles, and
logic-driven math. These tools will be able to automate site inventory for
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more complete post-occupation evaluations and site-performance case

studies. It also teaches students how to develop immersive presentation

and design testing experiences. This project is funded by the National

Science Foundation in collaboration with Argonne National Laboratory.

The table below includes additional STEM-based innovation and technology
projects being conducted by landscape architecture programs.

Harvard University Department of Landscape Architecture,
Cambridge, MA

The department has invested in equipment and resources that
employ new technologies—such as geomorphology and tables to
study biophysical systems—and other lab equipment.

Louisiana State University Robert Reich School of Landscape
Architecture, Baton Rouge, LA

Faculty conduct joint research on robotic planting techniques,
drone planting techniques, and using light detection and
ranging (LIDAR) to document existing landscapes.

Michigan State University School of Planning, Design and
Construction, East Lansing, MI

Faculty have secured U.S. Department of Housing and Urban
Development grant funding for “Development of Comprehensive
Climate Vulnerability Resilience Capacity Indexes for Enhancing
Urban Recovery in Midwestern Communities,” and a state grant
from the Michigan Department of Natural Resources for devel-
oping vision plans to create sustainable and resilient open space
across Michigan.

Mississippi State University Department of Landscape
Architecture, Mississippi State, MS

The school has developed a project to utilize beach landscaping to
protect the coastline, which began in 1995 and serves as a model
for mitigating storm damage and reducing cleanup costs along the
Mississippi Gulf Coast. Faculty developed an experimental beach
with limited mechanical maintenance and lots of native plants,
which had a dramatic effect on beach erosion in the area. Based on
this success, they were commissioned to design a similar landscape
along 26 miles of manmade coastal beach in Harrison County, MS.
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Pennsylvania State University Department of Landscape
Architecture, State College, PA

Faculty have developed a dynamic mapping procedure using
filters of land-use, physiography, state and local policies, and
socio-cultural data to show “hot spots” where renewable energy
infrastructure is possible. The process is replicable throughout the
United States.

Pennsylvania State University Department of Landscape
Architecture, State College, PA

A landscape architecture student has developed an open-source
Python library?¢ for green infrastructure planning. The library
integrates Rhodium, a Python library for Many-Objective Robust
Decision Making, and SWMM (Storm Water Management Model)
to form a dynamic rainfall-runoff simulation model used for the
design and analysis of urban drainage systems. The student applied
the Rhodium-SWMM model in Pittsburgh, PA, to identify critical
areas of green stormwater infrastructure investment that will be
resilient to future climate change.

Purdue University Horticulture and Landscape Architecture,
Lafayette, IN

26 The Carnegie Classification of
Institutions of Higher Education
classifies as R1 Universities those
institutions that conferred at
least 20 research/scholarship
doctorates in 2019-20 and
reported at least $5 million in
total research expenditures in
FY20. R1: Doctoral Universities
are those with “Very high
research activity;” R2 Doctoral
Universities are those with
“High research activity.” https://
carnegieclassifications.acenet.

edu/classification_descriptions/
basic.php

The Purdue Center for Community and Environmental Design,
housed in the Department of Horticulture and Landscape Archi-
tecture, is engaged in a multi-year partnership with the National
Park Service Midwest Rivers, Trails, and Conservation Assis-
tance program (NPS-RTCA) team, supporting collaborative land-
scape planning and community design projects for students and
community partners

Purdue University Horticulture and Landscape Architecture,
Lafayette, IN

Faculty are developing Climate BufferNet, an educational, visual
simulation designed to engage higher education students in the
Midwestern United States with ideas for improving rural landscape
planning outcomes. The simulation uses ecological, economic, and
social data inputs to support student understanding of biodiversity
conservation and climate change adaptation within agricultural
landscapes.
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University of Arizona School of Landscape Architecture and
Planning, Tucson, AZ

Faculty helped develop the DASH-SAFE dashboard during the pan-
demic, which uses predictive modeling of movement of people
through campus to help users visualize areas on campus that are
safer or riskier from a COVID standpoint and provides navigation
routes based on people’s movement throughout the day. The dash-
board also provides building managers with real-time information
to help them quickly address problems that might increase viral
spread.

University of Florida Department of Landscape Architecture,
Gainesville, FL

Faculty are part of the Florida 2070 project, conducted in partner-
ship with a state non-profit organization (1000 Friends of Florida)
and the Florida Department of Agriculture and Consumer Services,
using GIS-based scenario modeling and dissemination of future
land use and development scenarios for the state.

University of Florida Department of Landscape Architecture,
Gainesville, FL

The school hasbeen directly involved in applying machinelearning
modeling techniques to identify and prioritize areas important
for biodiversity and ecosystem service in Florida, South America,
and southeast Asia

University of Kentucky Department of Landscape Architecture,
Lexington, KY

School research is testing planting systems for urban trees that will
resultin information on best practices for tree survival and growth
in challenging urban and suburban environments. In another
project, faculty are working with researchers at UK HealthCare
and faculty in horticulture, entomology, and civil engineering
to develop and evaluate a Nature Rx approach to planting on the
medical campus. This project is resulting in new, more biologically
diverse plantings that bring patients, visitors, students, and staff
into closer contact with nature. Psychological and physiological
responses to the plantings will be measured post-establishment.
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University of Minnesota Department of Landscape Architecture,
Minneapolis, MN

Faculty conduct research onland-based interventions for climate
change infrastructure to support vegetation and animal habitats,
improve local water management and increase human engagement
with the environment. Working with a multidisciplinary team
with members in ecology, evolution and behavior, architecture,
STEM education, and philosophy at the University, the research is
seeking to develop a new conceptual framework for function in
biology that articulates with bio-inspired design approaches from
architecture and engineering. A key output of this analysis will be
theoretical resources for engineers and designers to understand
multifunctionality and collaborate with biologists in discerning
associated explanatory principles of function in living systems.

University of Wisconsin-Madison Planning & Landscape
Architecture, Madison, WI

Faculty formed the Kaufman Lab for the Study and Design of Food
Systems and Marketplaces in 2014; the lab serves as a home to foster
the work of many undergraduate, graduate, and post-doctoral
students in various projects relating to the development of local
and regional food systems around the world, including Metrics +
Indicators for Impact (MIFI), an online toolkit that helps farmers
markets be able to create a holistic picture of their work by creating
and analyzing data. MIFI was piloted in seven different states and
is now offered across the country to individual farmers markets
and organizations of them. MIFI was originally funded by a U.S.
Department of Agriculture’s Agriculture and Food Research
Initiative (AFRI) grant with the Farmers Market Coalition. MIFI
also is used as a subcontractor on many grants, most notably the
Farmers Market Promotion Program (FMPP) and the Local Food
Promotion Program (LFPP) grants through the USDA.

University of Wisconsin-Madison Planning & Landscape
Architecture, Madison, Wi

Faculty and students in the Landscape Conservation Lab work to
combine conservation science with geospatial analyses, scenario
modeling and citizen engagement approaches to inform innovative
conservation strategies and design. In particular, they have been
leaders in developing spatial narrative approaches and geodesign
tools. Focal areas of interest have included international crane
conservation in Wisconsin and Asia, Great Lakes forest landscape
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scenarios, and bioregional landscapes and ecosystem services (e.g., 27 https://arpajournal.net/pat-
ents-agency-and-environment/

pollinator foraging, wild rice harvesting, maple sugaring).

28 California was the first state to
adopt registration of the title
“Landscape Architect,” in 1953.
(https://www.asla.org/content-

4.3 Patents and Landscape Architecture detail.aspx?id=48272)

29 https://knowlton.osu.edu/sites/

. : default/files/2021-06/US_Pat-
made environments, landscape architecture programs have demonstrated that ent 11034415 Ba.PDF

By applying STEM concepts to design problems facing the natural and man-

patentable technology and innovation exists in the landscape architecture field.

Patents and landscape architecture have been interconnected since the very
start of the U.S. patent system in the late 18th Century. The number of pat-
ents issued for innovations that impact the landscape during the nation’s

early years—including technologies to control flooding, clear land for new
development and provide lighting for cities—shows that the “US government
was cognizant of the role of patents in the transformation of the built envi-
ronment.”?” Even before landscape architecture was formally recognized as a

licensed profession in the 20th Century,?® professionals educated and trained

in the natural and physical sciences have secured design and utility patents for

inventions that improve the built landscape. Today, the intersection between

landscape, science, and technology is reflected in landscape architecture aca-
demia’s STEM-based education requirements, and in the profession’s emphasis

on developing patentable innovations.

Such efforts have led in recent years to at least three patents (plus a provisional
patent) being granted to landscape architecture school faculty and students.
It also is reflected in the fact that a number of states recognize obtaining a
patent as a way to fulfill continuing education requirements for maintaining a
landscape architecture professional license, and that the patent classification
system used by both the United States and the European Union devotes a section
to patentable innovations spurred by the application of STEM principles to
landscape architecture.

Patents Received by Landscape Architecture School
Faculty and Students

1. Floating Aquatic Habitats, Ohio State University
An Ohio State University Landscape Architecture program faculty member
and student invented and received a patent in 2021 for a Permeable Concrete
Vessel for Creating Floating Aquatic Habitats (U.S. Patent #11,034,415).2°
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The invention addresses the problem of algal blooms that regularly occur % https://knowlton.osu.edu/
news/2021/04/landscape-fac-

in lakes and reservoirs in the Midwest; in 2014 one such algal bloom shut
ultystudent-design-collabora-

down the water supply to 400,000 people in the Toledo area. The blooms tion-leads-possible-patent

are due to high levels of nitrogen and phosphorus in the water.
31 https://patentimages.storage.

. . . X googleapis.com/d2/92/4d/44547f-
The invention consists of a buoyant concrete vessel that allows for nutrient 688¢7c2/WO2017155027A1 pdf

exchange between the plant and the water, allowing the plant’s biomass
to help absorb the algae, and decreases light penetration, which lowers
water temperatures and creates a less favorable environment for bloom
outbreaks.?°

2. Movable Meadow for Stormwater Runoff Control, Kent State University
A landscape architecture faculty member and other faculty at Kent State
University invented and received a patent in 2017 for a movable meadow
and method of implementation. (WIPO/PCT Patent #W02017155927A1)

According to the patent, the invention is a “method and apparatus for con-
trolling stormwater runoff.” It is used to protect property from stormwater
damage via a movable meadow allowing for the temporary deployment of
site-specific plants in modular containers to receive and retain stormwater
and stormwater runoff to prevent damage that would otherwise occur to
the site.®*

The invention addresses the challenge that owners of vacant or soon-to-be
redeveloped properties face in protecting their land from damage from
stormwater runoff, which normally requires expensive and permanent
stormwater infrastructure like subgrade drain pipes, rain gardens, or
green roofs.

3. Structural Soil, Rutgers University & Cornell University
Landscape architecture faculty from Rutgers University’s Department of
Landscape Architecture and Cornell University’s Landscape Architecture
Program, invented, and received a parent in 1998 for CU-Structural Soil™
(U.S. Patent # 5,849,069), a two-part system consisting of a rigid stone
“lattice” (to meet engineering requirements for a load-bearing soil) and a
quantity of soil (to meet tree requirements for root growth).

The patented product addresses the challenges involved in planting and
sustaining trees in urban environments. Studies have shown that trees
planted in small squares surrounded by pavement, as found in many urban
areas, live for an average of 7 years, while the same species planted in more
hospitable settings can live up to 200 years. This is due in large part to a
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lack of uncompacted soil, with adequate drainage, aeration, and reasonable 32 https://thefield.asla.
f‘eI‘tility.32 org/2014/01/30/structur-
al-soil-part-1/

According to the CU-Structural Soil™ patent, “the invention teaches a stone/ * https://patents.google.com/
patent/US5849069A/en

soil urban tree mix that can safely support pavements yet also provide

ample rooting area—a current limitation—for street trees that are planted 3 https://theeagle.com/news/first-

close to the pavement. By expanding the rooting zone, the mix allows of-its-kind-living-wall-at-texas-
a-m/article_ddo2c94e-9obe-11e9-
8e4a-7bdc79580ace.html

increased tree growth, decreased tree mortality, and decreased sidewalk

failure.”3?

35 https://www.asla.org/con-

tinuingedrequirements.aspx

4. Living Wall System, Texas A&M University (provisional patent)
A landscape architecture faculty member at the Texas A&M Landscape
Architecture and Urban Planning program, along with students and
another faculty member, have received a provisional patent from the U.S.
Patent and Trademark Office for a living green wall with separate planting
containing module (Ref. # 5027TAMU19 (provisional)).3*

A multi-year, cross-disciplinary process led to the development of the
galvanized steel living wall system, which will reduce heat gain in buildings
and create the potential for a circular economy that transforms industrial
waste into green infrastructure while enlivening a blank wall. The team
used automotive sheet metal scraps to form inverted pyramids that form
a flexible facade garden; individually demountable units allow discrete
control and modulation of watering, soil maintenance, and plant health.

Extensive study of plant performance across eighteen species, paint per-
formance as related to heat gain, and comparisons to existing wall systems
resulted in a diverse micro-scaled ecosystem that reduces heat load and
welcomes pollinators to a new focal point.

Patents and State Continuing Education Requirements

Continuing education is required for landscape architecture license renewal in
37 states.?® According to an ASLA analysis, at least four states allow continuing
education credit for obtaining a patent.
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States Giving Continuing Education Credit For Landscape Architecture
License Renewal For Patents

STATE

REQUIREMENT

Minnesota

Continuing education activities that satisfy the professional
development requirement include, but are not limited to,
the following: . . . patents, for a credit of ten PDH during
the biennium in which the patent was granted. (https://
mn.gov/aelslagid/continuinged.html#requirements)

New Hampshire

Lsa 403.04 Continuing Education Hour Credits Continuing
education hours shall be credited as follows: . .. (j) Credit
awarded for one patent shall equal 10 continuing educa-
tion hours; . . .. (http://www.gencourt.state.nh.us/rules/

state_agencies/lsa100-500.html )

New York

Educational activities must be offered by an approved New
York State sponsor (provider) and in an acceptable sub-
ject area. A maximum of 18 of the 36 hours of continuing
education may be in educational activities for landscape
architects. Acceptable educational activities include: . ..
Obtaining a patent related to the practice of landscape
architecture. You will receive nine continuing education
hours for each patent granted on an invention during the
registration period. (http://www.op.nysed.gov/prof/larch/

larchce.htm#rqts)

Ohio

Alandscape architect may earn the required contact hours
by any of the following methods, except that credit shall
be awarded only once in a renewal period for the same
program with the same content: . .. (6) Receiving a patent
award. Credit: one hour per patent award. (https://codes.
ohio.gov/ohio-administrative-code/rule-4703:1-1-06)
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Landscape Architecture Technologies and Innovations
in Patent Classification Systems

The Cooperative Patent Classification (CPC) is a joint partnership between the

U.S. Patent and Trademark Office (USPTO) and the European Patent Office

(EPO), under which the two agencies have agreed to harmonize their existing

classification systems and migrate towards a common classification scheme.3¢
In 2013, the USPTO moved from using the United States Patent Classification

(USPC) system to the Cooperative Patent Classification (CPC) system. CPC has

since been adopted by many countries throughout the world.?’

The CPC includes nine classifications of patentable technologies, each with
corresponding subsections. Section Yo2 includes “Technologies or Applications
for Mitigation or Adaptation Against Climate Change,” which “covers selected
technologies, which control, reduce or prevent anthropogenic emissions of
greenhouse gases in the framework of the Kyoto Protocol and the Paris Agree-
ment, and also technologies which allow adapting to the adverse effects of
climate change.”

Yo2A, a subsection of Yo2, focuses on “Technologies for Adaptation to Climate
Change,” which is defined as “technologies that allow adapting to the adverse
effects of climate change in human, industrial (including agriculture and
livestock), and economic activities.”38

Within Yo2A are more detailed categories of technologies to support climate
change adaptation. An ASLA analysis of the technologies in Yo2A shows that at
least 22 of them relate directly to topics covered in the landscape architecture
curricula or have been the subject of research and innovation projects by
landscape architecture students and faculty, including:

36 https://www.cooperativepatent-

classification.org/about

37 https://www.uspto.gov/patents/
search/classification-stan-

dards-and-development#:~:tex-
t=0n%20January%201%2C%20
2013%2C%20the,many%20
countries%2othroughout%20
the%20world.

38 https://www.cooperativepatent-

classification.org/sites/default/
files/cpc/scheme/Y/scheme-Y.pdf
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YO02a: Technologies For Adaptation To Climate Change*®
This subclass covers technologies for adaptation to climate change, i.e. tech-

nologies that allow adapting to the adverse effects of climate change in human,

39 https://www.cooperativepatent-

classification.org/sites/default/

files/cpc/scheme/Y/scheme-

Yo2A.pdf
industrial (including agriculture and livestock), and economic activities.
Y02A 10/00 atcoastal zones; at river basins
Y02A10/23 * Dune restoration or creation; Cliff stabilization
Y02A20/00 Water conservation; Efficient water supply;
Efficient water use

Y02A 20/108 * Rainwater harvesting
Y02A 20/142 *** Solar thermal; Photovoltaics
Y02A 20/146 * Using grey water
Y02A 20/148 ** Using household water from

wash basins or showers
Y02A 20/152 * Water filtration
Y02A20/20 * Controlling water pollution;

Wastewater treatment
Y02A20/40 * Protecting water resources
YO02A 20/402 ** River restoration
Y02A 20/404 ** Saltwater intrusion barriers
Y02A 30/00 Adapting or protecting infrastructure or their operation
Y02A30/244 ** Using natural or recycled building materials,

e.g. straw, wool, clay or used tires
Y02A30/254 ** Roof garden systems; Roof coverings with high

solar reflectance
Y02A30/30 * In transportation, e.g. on roads, waterways

or railways
Y02A30/60 * Planning or developing urban green

infrastructure
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Y02A 40/00

Adaptation technologies in agriculture, forestry,
livestock or agroalimentary production

Y02A40/132 ***  Plants tolerant to drought

Y02A40/135 ***  Plants tolerant to salinity

Y02A 40/138 *** Plants tolerant to heat

Y02A40/22 ** Improving land use; Improving water use or
availability; Controlling erosion

Y02A40/58 ***  Using renewable energies

Y02A40/60 * Ecological corridors or buffer zones

Y02A 90/00 Technologies having an indirect contribution

to adaptation to climate change

Y02A90/10 * Information and communication technologies
[ICT] supporting adaptation to climate change,
e.g. for weather forecasting or climate
simulation

Y02A90/30 * Assessment of water resources
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5. Comparing Landscape Architecture to Currently
Recognized STEM Disciplines

The Department of Homeland Security (DHS) is currently reviewing a rec-
ommendation from ASLA to include landscape architecture on the STEM
Designated Degree Program list. Numerous allied disciplines already are found
on the DHS-approved list, including environmental studies, environmental
science, plant science, urban forestry, natural resources conservation, engi-
neering, and others.

In fact, landscape architecture degree programs across the country include as
much or more STEM content as degree programs for many of these currently
recognized disciplines.

A 2019 analysis of two such programs—environmental studies (CIP code 3.0103)
and sustainability studies (CIP code 30.3301) —in comparison with a highly
ranked landscape architecture program reveals that the landscape architecture
program has higher overall STEM content than those on the DHS-approved list.

- SUSPENDED DIFFUSERS,

Landscape architects devised a set
of prototype floating wetlands in
Baltimore’s inner harbor, which
include a combination of airlifts
and perimeter aeration diffusers
that create responsive infrastruc-
ture to counteract low dissolved
oxygen events before a fish kill.
Through intensive field research
and prototyping, landscape
architects found that a mixing

of water invites colonization of
new biofilms and creates a refuge
for species in the event of a low
dissolved oxygen event.

Credit: ASLA 2018 Professional
Research Honor Award. Urban
Aquatic Health: Integrating New
Technologies and Resiliency into
Floating Wetlands. Baltimore,
Maryland. Ayers Saint Gross.
Client: National Aquarium
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The study compared the Master of Landscape Architecture (MLA) Program at
Harvard University with the Master of Environmental Studies (MES) Program
at the University of Pennsylvania and the Master of Sustainability (MAS)
Program at Arizona State University, finding higher overall STEM content in
the required course material of the landscape architecture program.

(See Table 1)

A review of the curriculum structure for each program, including a class-by-
class analysis of STEM content, was used to designate each class—whether a

required course or an optional course/elective—as being either “STEM-focused,”
including “some STEM content,” or including “little to no STEM content.” This

analysis clearly demonstrates the breadth of STEM content for the landscape

architecture program in comparison to other STEM-designated programs.

STEM Graduate Curriculum Comparison®

MLA - Harvard MES - UPenn MAS-ASU
Required STEM- 13% 8% -
focused courses
Required courses 47% 17% 16%
with some STEM
content
Optional courses 33% 75% 49%
that may include
STEM content
Required or optional 7% - 35%
courses with little
to no STEM content

40 Barth, Brian. Landscape

Architecture STEM Graduate
Curriculum Comparison [unpub-

lished research]. 2019.
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6. Current Governmental Landscape Architecture
STEM Designations
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6.1 Federal Designations of Landscape Architectureas STEM

As noted earlier, the Bureau of Labor Statistics Standard Occupational Clas-
sification (SOC) System has recognized—and OMB has approved —landscape
architecture as a science and engineering related domain since 2012.

Specifically, landscape architecture is listed under 17-0000 Architecture and
Engineering Occupations. This system is used by the federal government to
classify workers into occupational categories. Detailed occupations in the SOC
with similar job duties, and in some cases, skills, education, and/or training,
are grouped together. Under this system, landscape architecture is grouped
with civil engineers, architectural and civil drafters, environmental engineers,
and surveyors, all of which are included on the DHS STEM Designated Degree
Program List.

For the Rocky Mountain Arsenal
National Wildlife Refuge Com-
prehensive Management Plan

in C