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JURISDICTIONAL INFORMATION:

The Committee on Academic Policy and Programs has the authority to recommend to the
Academic Board for approval new graduate programs and degrees. (AP&P Terms of Reference,
Section 4.4.a.ii)

GOVERNANCE PATH:

1. UTSC Academic Affairs Committee [For Recommendation] (February 9, 2022)

2. Committee on Academic Policy and Programs [for recommendation] (February 17, 2022)
3. Academic Board [for approval] (March 10, 2022)

4. Executive Committee [for confirmation] (March 22, 2022)

PREVIOUS ACTION TAKEN:

The proposal for the Master of Science in Environmental Science received approval from the
University of Toronto Scarborough Academic Affairs Committee on February 9, 2022.

HIGHLIGHTS:
This is a proposal for a research master’s degree called Master of Science (MSc) in Environmental
Science, to be offered by the Graduate Department of Physical and Environmental Sciences at the

University of Toronto Scarborough (UTSC). The program is four sessions and full-time only.
Students will complete 1.5 full-course equivalents (FCEs): 1.0 FCE in core courses and one
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Executive Committee, March 22, 2022 — Proposal for a new Master of Science in Environmental Science, University
of Toronto Scarborough

elective course (0.5 FCE). Students will also complete a thesis. The start date of the program is
May (Summer session) which allows for the early immersion of students into research.

The purpose of the MSc in Environmental Science is to train Bachelor of Science or Engineering
graduates in the design, execution and dissemination of research that is focused on the interfaces
between traditional disciplines in dealing with fundamentally scientific, environment-focused
issues. The MSc in Environmental Science will allow students to address major emerging research
themes in the environment and pursue projects that make use of complementary research concepts,
approaches and tools. Faculty members are cross-appointed from several graduate units including:
Cell and Systems Biology; Chemical Engineering and Applied Chemistry; Chemistry; Earth
Sciences; Ecology and Evolutionary Biology; Geography and Planning; Forestry; and Physics,
which ensures the supervision of research projects across a broad range of expertise and research
facilities. This program will engage these strengths in order to foster research that is critical for
finding solutions to, or elucidating the root causes of, today’s critical environmental challenges.

The program will be delivered in person. The program is expected to achieve a steady-state intake
of 15 students per year within three years of launching.

Consultation outside UTSC occurred with the Faculty of Applied Science and Engineering;
Faculty of Arts and Science; John H. Daniels Faculty of Architecture, Landscape, and Design;
University of Toronto Mississauga; and the Tri-Campus Deans group. The feedback provided was
incorporated into the proposal.

The program was subject to an external appraisal from October 21 to 25, 2021 by Professors
Edward Hornibrook, Department of Earth, Environment and Geographic Sciences, University of
British Columbia and Sara Hotchkiss, Department of Botany, University of Wisconsin-Madison.
The appraisers made one suggestion, which has been adopted as described in the Dean’s
administrative response to the appraisal report.

FINANCIAL IMPLICATIONS:
The new financial obligations resulting from this program will be met at the divisional level.
RECOMMENDATION:

Be it confirmed by the Executive Committee

THAT the proposed degree program, Master of Science (MSc) in Environmental Science

as described in the proposal from the University of Toronto Scarborough dated January
26, 2022 be approved effective May 1, 2023.

DOCUMENTATION PROVIDED:

e Proposal for a Master of Science in Environmental Science
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Development & Approval Steps

Date

New Program Consultation Meeting

March 29, 2019

Consultation Proponents/Dean’s Office/Provost’s Office

Provost’s Advisory Group

June 16, 2021

External Appraisal (Remote Site-Visit)

October 21, 25 and 29, 2021

Decanal signoff

In signing off | confirm that | have ensured appropriate:

v' compliance with the evaluation criteria listed in
UTQAP section 2.3

v consultation with the Office of the Vice-Provost,
Academic Programs early in the process of
proposal development

v Consultation with faculty and students, other
University divisions and external institutions

Professor William A. Gough, Vice-
Principal Academic and Dean,
University of Toronto Scarborough:
September 24, 2021

Provostial signoff

In signing off | confirm that the new program proposal:
v' Is complete
v Includes information on all the evaluation criteria
listed in UTQAP section 2.3

Professor Susan McCahan, Vice-
Provost, Academic Programs, University
of Toronto:

October 5, 2021

Unit-level approval (if required)

Departmental Curriculum Committee:
October 8, 2020

Faculty/divisional governance — UTSC Academic Affairs
Committee

Feburary 9, 2022

Submission to Provost’s Office

AP&P

February 17, 2022

Academic Board

March 10, 2022

Executive Committee of Governing Council

March 22, 2002

The program may begin advertising as long as any material includes the clear statement that, “No
offer of admissions will be made to the program pending final approval by the Quality Council and
the Ministry of Training, Colleges and Universities (where the latter is required).”

Ontario Quality Council

April 1, 2022

Submitted to the Ministry (in case of a new graduate

degrees and programs, new diplomas)

[date]
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New Graduate Program Proposal for M.Sc. in Environmental Science

1 Executive Summary

Please provide a brief overview of the proposed program summarizing the key points from each
section of the proposal. (You may wish to complete this section last.) This may need to be used
on a stand-alone basis:

This is a proposal to introduce a new Master of Science (M.Sc.) in Environmental Science, which
will be housed in, and administered by, the Graduate Department of Physical and
Environmental Sciences (GDPES) at the University of Toronto Scarborough (UTSC). The M.Sc. in
Environmental Science will be a 16-month program with a May start date, to allow for an early
immersion in original research. This design feature of the program is essential because
fieldwork is a critical component of many projects in Environmental Science, and in the
Canadian context must often be completed in the spring and summer.

The planet is currently facing an environmental crisis. The nature of this crisis is multi-faceted,
including global climate change, burgeoning population numbers, and threats to our forests,
waterways, soil, and biodiversity resulting from human activities, such as natural resource
extraction, pollution, biodiversity loss, and land-use change. The complex interactions between
different earth systems require an integrated, inter-disciplinary approach to environmental
science that creates bridges between traditional disciplines such as geography, biology,
chemistry, and physics.

The University of Toronto follows a two-pronged approach to the study of the environment,
which encompasses the development of both transdisciplinary and interdisciplinary programs.
At UTSC, successful existing graduate offerings in GDPES include the professional Master of
Environmental Science (M.Env.Sc.; 919 graduates, since the program start in 2006) and Ph.D. in
Environmental Science (36 graduates, since the program start in 2010). The proposed M.Sc. in
Environmental Science is a logical complement to these programs, offering a more research-
intensive approach than the M.Env.Sc., but a shorter timeline and more compact structure
than the Ph.D. It is anticipated that the M.Sc. will equip students to seek research positions in
industry, but also train students to enter the Ph.D. program in Environmental Science with a
strong foundation in performing original research.

Within the University of Toronto context, the proposed M.Sc. in Environmental Science is
distinct from related graduate programs in its strong emphasis on original scientific data
collection, requiring students to enter the program with some experience in applying scientific
methods so that they can start doing original research in their first semester. Students will

complete 1.5 full-course equivalents (FCEs) of coursework, including a new course in
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Environmental Science Research Experience (EES 1200H), which is explicitly designed to give
students a running start conducting research in their first semester. Students will also
complete a master’s thesis, with the intention that it will represent either a piece of
publishable research or a contribution to a larger study that will be published.

Students in the M.Sc. in Environmental Science will benefit from access to more than 50 faculty
(and 15 adjunct faculty) who will contribute to the delivery of the program, and from the high-
quality facilities in the Environmental Science and Chemistry Building at UTSC. This includes, for
example, the Teaching and Research in Analytical Chemistry and Environmental Sciences
(TRACES) facility, which houses over 40 state-of-the-art instruments.

The proposed M.Sc. aims to meet the high demand for individuals trained in environmental
research, evinced in the growing demand (approximately 8%) for environmental employees,
translating to a forecasted need of more than 50,000 jobs in the next decade (ECO Canada
2020).

2 Effective Date & Date of First Review

Anticipated date students will start the program: May 2023.
First date degree program will undergo a UTQAP review and with which unit:?

In accordance with the University of Toronto Quality Assurance Process (UTQAP) all programs
are reviewed on an eight-year cycle. The next review of the Department of Physical and
Environmental Sciences (DPES) and Graduate Department of Physical and Environmental
Sciences (GDPES) and their undergraduate and graduate programs is scheduled for 2023-24;
the proposed M.Sc. will be included in that review process. Since the review will occur within
four years of the May 2023 start date, the review will stand in for the monitoring report
required through the UTQAP.

Graduate unit: Graduate Department of Physical and Environmental Sciences (GDPES)
Budgetary academic unit: Department of Physical and Environmental Sciences (DPES)

! Programs that are inter-and multidisciplinary must identify a permanent lead administrative division and identify

a commissioning officer for future cyclical program reviews.
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3 Academic Rationale

Please use the headings below:
¢ |dentify what is being proposed and provide an academic rationale for the proposed
program (what is being created and why?).
e Explain the appropriateness of the program name and degree nomenclature.
e If relevant, describe the mode of delivery (including blended or online, placement, etc.)
and how it is appropriate to support students in achieving the learning outcomes of the
program.
e Context
» Discuss how the program addresses the current state of the discipline or area of study.
(Identify pedagogical and other issues giving rise to the creation of this program.
Where appropriate, speak to changes in the area of study or student needs that may
have given rise to this development.)

» Describe the consistency of the program with the University’s mission as specified
within the Statement of Institutional Purpose and unit/divisional academic plan and

priorities.
e Distinctiveness
» Identify any unique curriculum or program innovations or creative components.

Proposed Program

UTSC is proposing a new research-intensive Master of Science (M.Sc.) program in
Environmental Science. This will be a 16-month program with a unique May start date that will
allow students to collect substantive original data towards the completion of their M.Sc. thesis.

The purpose of the proposed program is to train students in the design, execution, and
dissemination of research in environmental science. By definition, environmental science is an
interdisciplinary, but natural science-based subject that falls outside of, or between, the
boundaries of traditional academic disciplines, and which is applied to environmental
problems. Based on experiences in the successful tri-campus graduate programs in
Environmental Science offered by GDPES — the professional Master of Environmental Science
(M.Env.Sc.), and the Ph.D. in Environmental Science — current issues and concerns surrounding
environmental sciences attract students whose interests and backgrounds transcend
traditional academic boundaries such as earth sciences, chemistry, biology, engineering,
geography, or physics. The proposed M.Sc. will allow students to address major emerging

research themes in the environment and pursue projects that make use of complementary
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research concepts, approaches, and tools. This program will provide access to a broad range of
faculty expertise, facilities, and courses, which have been cultivated explicitly to facilitate
interdisciplinary environmental research. A key goal of the proposed M.Sc. is to engage these
strengths in order to foster research that is critical for finding solutions to, or elucidating the
root causes of, today’s critical environmental challenges.

The pillars of the proposed program are: (i) cultivation of a synthetic perspective that
effectively draws upon both the breadth of environmental science and the depth of knowledge
required to specialize in a specific sub-discipline area; (ii) nurturing of critical thinking that
impartially distinguishes between true knowledge produced and the multitude of sources of
uncertainty typically characterizing environment systems; (iii) a unique timeframe that is
conducive to successfully undertaking research in environmental science by providing two field
seasons (terms 1 and 4), when students can create the required dataset(s) to address their
research questions/hypotheses; (iv) a rich array of course offerings, taught by internationally
renowned experts, through which students have the opportunity to delve into hydrology,
environmental chemistry, ecology, geology, climatology, and mathematical/statistical
modelling; (v) a high-profile colloquium that allows students to improve their
communication/presentation skills and facilitate the dissemination of their research findings;
and (vi) the intellectually stimulating environment that characterizes the Graduate Department
of Physical and Environmental Sciences, which is a recognized research powerhouse within the
University of Toronto system with outstanding annual research output (peer-reviewed
publications, research grants, awards, etc).

The Graduate Department of Physical and Environmental Sciences has very successfully
administered a large-enrolment, course-based Master’s program (the M.Env.Sc.) since 2006
and a Ph.D. program in Environmental Science since 2010. These programs were reviewed
under the UTQAP in 2015-16 and received very high praise from the review team. To date, 919
M.Env.Sc. and 36 Ph.D. students have successfully completed their programs. These graduates
have gone on to successful careers with government, non-government organizations and
charities, private companies such as consulting firms, academia, and as self-employed
environmental entrepreneurs. The M.Env.Sc. program, in particular, boasts a 100% internship
secure rate over its history, both due to dedicated staff and to close connections between
faculty and the environmental sector/industry in Ontario and elsewhere. The undergraduate-
focused Department of Physical and Environmental Sciences (DPES) also has a large contingent
of environmental science Specialist, Major, and Minor programs. These programs have
experienced significant growth over the past 5 years (>700 students), which is collectively the
result of departmental efforts to improve their quality through, for example: i) gaining
accreditation of the Specialist and Major programs from ECO Canada; ii) the creation of a set of
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extremely rigorous Combined Degree Programs for the Specialist programs in Environmental
Science with the Master of Engineering offered by the Faculty of Applied Science and
Engineering (FASE) at the University of Toronto; iii) the revamping of the Specialist Program in
Environmental Geoscience to meet the requirements of the Association of Professional
Geoscientists of Ontario (APGO) for obtaining PGeo certification; iv) the revamping of the
Specialist Program in Environmental Biology to establish it as one of the leading academic
programs in Global Change Biology, planned for 2022-23; and v) the addition of a Minor
program in Natural Sciences and Environmental Management. In short, the host graduate
department (GDPES), sister undergraduate department (DPES), and division (UTSC) already
demonstrate strong leadership in formulating and delivering interdisciplinary graduate and
undergraduate programs in the environmental sciences at U of T. The proposed M.Sc. in
Environmental Science is a logical next step in program development, and will be ideal for
students seeking a more research-focused master’s degree than can be achieved through the
M.Env.Sc. It is anticipated that it will be a sought-after program for high-achieving
undergraduates. It is also a natural complement to the existing tri-campus Ph.D. for those
master’s students looking to continue with their graduate studies.

Appropriateness of the Program Name and Degree Nomenclature

The program name and degree nomenclature is: Master of Science (M.Sc.) in Environmental
Science.

The program is research-intensive and requires entering students to have the foundations of an
undergraduate degree based in the sciences or engineering; hence, the Master of Science
credential is most appropriate. In addition, students will complete courses and research
focused on environmental science, which is an interdisciplinary, but natural science-based
subject that seeks to provide science-based evidence for understanding and providing solutions
to environmental issues.

The proposed M.Sc. is perfectly designed to address the needs of high-achieving students
seeking a more intensive research-focused master’s degree relative to the M.Env.Sc. program.
This program is also a natural partner to the existing and successful tri-campus Ph.D. program
in Environmental Science, for graduate students who are determined to invest additional time
in research and continue their education at the doctoral level. Currently, there is no research-
based M.Sc. program in support of the Ph.D. program. The addition of the M.Sc. to the existing
offerings (M.Env.Sc., Ph.D.), will augment the GDPES'’s already strong offerings in
environmental education and research.
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For the reasons outlined above, there is national and international demand for research in
environmental science. The proposed M.Sc. will:

e Provide an opportunity at the University for students who want to pursue a Master of
Science degree program in environmental science. Currently, students seeking a M.Sc.
program focused on environmental science are likely to go to other universities.

e Provide a shorter-term (16-month) opportunity that will be attractive to high-quality
students wishing to pursue research in the environmental sciences, but who are not yet
ready to make the financial and time commitments associated with a four- to five-year
Ph.D. program. In this way, the proposed program will allow talented students that are
trained in environmental research to make a more informed decision as to whether they
wish to pursue doctoral-level studies.

e Allow graduate-level research in the environmental sciences at UTSC that facilitates
progression into the Ph.D. in Environmental Science program, for students who choose
to make the financial and time commitment.

e Foster interdisciplinary research project ideas among tri-campus graduate faculty. More
specifically, to provide a viable option for shorter-term highly qualified personnel (HQP)
training in research that is in especially novel, or emerging, environmental themes,
and/or is associated with novel research funding calls, for example: requests for
proposals related to Arctic research for emerging pollutants, cumulative impact of
climate change on ecosystem phenology, the Great Lakes Sustainability Fund in Areas of
Concern, the Great Lakes Protection Initiative, etc. The lifetime of these funding
opportunities is relatively short (1-2 years) and is thus perfectly aligned with M.Sc.
projects that allow students to delve into cutting-edge research that often reflects the
priorities of the Federal or Provincial Government.

e Provide a unique approach to M.Sc. education wherein students begin the program with
one-on-one mentoring in research.

The proposed M.Sc. is fully aligned with the University’s mission, which says in its Statement of
Institutional Purpose: “The University of Toronto is committed to being an internationally

significant research university, with undergraduate, graduate, and professional programs of
excellent quality.” It will serve as an important addition to the University’s expertise in
environmental science by offering a research-intensive, science-focused, Master of Science
program. It builds on, and broadens the range of, the excellent programs that already exist in
environmental science at the wider University, including the M.Env.Sc. and Ph.D. in
Environmental Science. Finally, it promotes high-quality research, and responds to new
research in environmental science; as noted above, the purpose of the proposed M.Sc. is to
train students in the design, execution, and dissemination of research in environmental
science.
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The proposed M.Sc. is also aligned with UTSC academic priorities. Indeed, the development of
locally administered graduate programs has been at the forefront of campus academic
planning for the past five years; in this regard, GDPES has been a campus/faculty leader. Under
the UTSC Strategic Plan: Inspiring Inclusive Excellence (2020-2025), one of the campus

imperatives is: “To augment U of T’s global standing through scholarly prominence and
exceptional learning in unique areas of established and emerging strength.” The proposed
program will support two key priorities of the Strategic Plan. The first priority is ‘innovative,
high-quality undergraduate and graduate student experience and success,” which includes this
strategic direction: “Develop academic programs that make University of Toronto Scarborough
an exemplar of life-long learning and expand opportunities for non-traditional students.” The
second priority is ‘scholarly prominence in established and emerging areas,” which includes this
strategic direction: “Enhance and grow current and emerging areas of research strength that
will differentiate University of Toronto Scarborough as a global research leader in those fields.”

Finally, the proposed M.Sc. is aligned with the departmental academic priorities of the GDPES,
as they are outlined in the self-study for the 2015-16 external review of the graduate programs.
In the self-study it states: “There is now a growing desire among the faculty to establish a
research-based Master of Environmental Science that allows students to be trained in
environmental research, free of the time commitment and career directions associated with
the Ph.D. program.”

The proposed M.Sc. will be an important addition to the suite of graduate programs focused on
environmental issues at the University. It will fill an existing gap in the University’s offerings by
providing a science-focused and research-intensive graduate program in environmental
science, which is distinct from other graduate programs at the University that are more
focused on environmental studies, sustainability, and environmental management (see section
5, Table 1 and Appendix E). While environmental science encompasses an interdisciplinary
research approach, it remains fundamentally rooted in the scientific method. In consultations
with the directors of the other environment-related graduate programs at the University, there
is collective agreement that the proposed program fills an important and distinct niche in
graduate environment-related offerings at the University — an explicitly science-focused
research program based on environmental issues. Further discussion of this issue can be found
in section 5, below.
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Distinctiveness

A distinctive design feature of the proposed M.Sc. is the May start, which allows for the early
immersion of students into the research process. This early immersion will engage students to
learn about research using a hands-on approach and a more prescribed supervisor-mentee
relationship than would exist for a Ph.D. or in most other Master’s programs. As part of this
early immersion, faculty supervisors will collectively contribute to a workshop at the start of
the M.Sc. program so that incoming students will receive additional direction regarding
conducting environmental science research, which complements their individual mentor’s
supervision. The early start also allows environmental science students, many of whom rely on
the May—August time period for new data collection, to collect one and possibly two season’s
worth of data to include in a scientifically rigorous thesis. This provides an open forum for
students to learn from mistakes made early in the research process, while still leaving time to
recover from them. To facilitate this early start, the program admission process will be rigorous
and will aim to engage students truly interested in research by offering clear opportunities for
early immersion into ongoing or new research projects led by graduate faculty; for more
information see section 8 (Program Design), below.

The tri-campus Graduate Department of Physical and Environmental Sciences is uniquely
prepared to support this program because it brings together the combined strengths of
graduate faculty engaged in environmental science research from all three University of
Toronto campuses to offer a full range of professional and doctoral-stream programs

supported by critical facilities housed at UTSC.

4 Fields/Concentrations

e Description of fields/concentrations, if any. (Please note: graduate programs are not
required to have fields/concentrations in order to highlight an area of strength or
specialization within a program.)

None.

5 Need and Demand

e Provide a brief description of the need and demand for the proposed program and how
this has been determined, focusing, as appropriate, on:
» student interest
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» societal need

» employment opportunities for prospective graduates
» interest expressed by potential employers

» professional associations

» government agencies or policy bodies.

e How is the program distinct from other programs at U of T? (Address, if relevant, how
this program might affect enrolment in other related programs offered here.)

e With specific reference to the impact on need and demand, describe how the proposed
program relates to (is similar to or different from) existing programs offered by other
universities in North America and Internationally (with specific reference to Canadian
and Ontario examples). Please fill out and refer to the table in appendix E listing the
comparator programs.

Societal Need

Highly trained employees in environmental science continue to be in high demand according to
ECO (Environmental Careers Organization) Canada’s job trends report for 2014-2017 (ECO
Canada, 2018). While Canada saw an overall, year-to-year increase of 7% in the number of job

ads, the increase in environment-related job ads was considerably greater at 17%. The ECO
Canada report (2018) links these increases to: continued excellence in the Canadian job
market overall; growth in industries that employ environmental workers, such as
manufacturing (Manufacturing Technologists, Hazardous Waste Technicians); professional,
scientific, and technical services (Corporate Sustainability Interns, Green Building Interns,
Environmental Policy Analysts, Knowledge and Research Interns, Hazardous Air Pollutants
Technicians, Junior Environmental GIS Specialists, Environmental Monitoring
Technician/Officers, Landscape and Assessment Officers); public administration and
construction (Assistant Auditors, Client Service Representatives, Junior Environmental
Planners, Transportation Division Interns); and the implementation of climate change plans
(Climate Action Interns, Adaptation Specialists, Climate Information Research Assistants) by all
levels of government.

It is anticipated that students will apply to the proposed M.Sc. in Environmental Science from
Bachelor of Science and Bachelor of Engineering degrees, across a number of natural and
applied science fields. The program will enable two pathways post-graduation: one toward
gaining employment in the professional environment sector, and the second leading to further
graduate research and studies at the Ph.D. level, including the Ph.D. in Environmental Science
located in the GDPES, which will be significantly facilitated by having had an experience in
rigorous research at the master’s level.
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Student Demand

Demand for research opportunities in the environmental sciences is high, as evidenced by both
the enrolment numbers in the Ph.D. in Environmental Science, as well as by the tremendous
success of students in the program. Currently there is a steady-state of approximately 54 Ph.D.
students and there have been 36 doctoral graduates since the start of the program in 2010.
Student interest in novel scientific and technological solutions to pressing environmental issues
is significantly on the rise. A research-based M.Sc. program will meet this demand for the large
portion of graduates who are not seeking, or may not immediately be seeking, a five-year
commitment to further study.

In addition to providing a preparatory experience for pursuing Ph.D. studies, the proposed
M.Sc. in Environmental Science will meet demand for applied training needed for employment
in several environmental fields. In particular, many research careers in government, industry,
and environmental consulting now demand advanced, research-based degrees in
environmental science. Some students may even become entrepreneurs if their research has
involved marketable ideas. Graduates of the proposed M.Sc. will have in-depth, specific
technical knowledge skills related to their area of expertise that will be applicable to a variety
of technological innovations (e.g., bioremediation, analytical chemistry and monitoring,
renewable energy, carbon sequestration, agroforestry, groundwater assessments, ecosystem
monitoring and restorations).

An indication of the demand for the proposed M.Sc. can also be inferred from the large
number of applications and significant competition for positions in the professional M.Env.Sc.
program. Over the past five years for example, the M.Env.Sc. has received on average 240
applications per year, and on average 80 students have been admitted annually. This
increasing interest in master’s level environmental science education characterizes both the
internship and research options in the M.Env.Sc. program.

To further assess student demand for the proposed M.Sc., both current undergraduate
environmental science program students at UTSC and current Ph.D. in Environmental Science
students at UTSC were surveyed; 57 responses from undergraduate students and 32 responses
from current doctoral students were received (see Appendix F for survey results).
Undergraduate students were overwhelmingly interested in a research-oriented M.Sc. degree
in environmental science. 84% of undergraduate respondents said they were “possibly,”
“likely,” or “definitely” interested in pursing a graduate degree after graduation; 91% of

respondents were potentially interested (“possibly,” “likely,” or “definitely”) in applying for the
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proposed M.Sc., with 30% of respondents saying they would “definitely” be interested in
applying. Importantly, despite a broad range of degree years among respondents, 25% of
students describe having had the type of research experience that would be required for entry
into the proposed M.Sc. program. This is a relatively high proportion, indicating a substantial
probability of finding qualified students.

Current Ph.D. in Environmental Science students were also very positive about the proposed
M.Sc. program. 50% of respondents said they likely would have applied to the proposed
program, ahead of their Ph.D., had it been available at the time. This is a substantial proportion
given most students already hold a M.Sc. For the formative questions on the survey about
whether the proposed program structure allows for the achievement of the important learning
objectives of a M.Sc., responses were overwhelmingly positive (80—90+ %) as “somewhat” or
“entirely” agree.

Distinctiveness From Other Programs at U of T

The University of Toronto supports a strong a suite of graduate programs across the
environment-related spectrum that specifically cater to distinct groups of students, including:
the Master of Environmental Science (M.Env.Sc.) — University of Toronto Scarborough; the
Master of Science in Sustainability Management (M.Sc.S.M.) — University of Toronto
Mississauga; and the Master of Environment and Sustainability (M.E.S.) — Faculty of Arts and
Science.

The proposed M.Sc. in Environmental Science will be an important, distinct offering within this
suite of programs. It will serve students seeking natural sciences-based, research-intensive
training related to environmental problems. It also has a highly-distinctive early research
immersion model that sets it apart from the other environment-related programs at U of T. As
a 16-month program with a May start, it recognizes the fact that many aspects of
environmental science research are carried out and/or supported in the summer months.

This rich array of graduate offerings has been planned carefully to ensure that each program
has distinct learning objectives, and targets distinct pools of prospective students. The
directors responsible for the M.Env.Sc., M.Sc.SM., M.E.S., and the proposed M.Sc. have
mapped the offerings to ensure that students can choose the program that best suits their
learning objectives, academic background, and career plans (see Table 1, below). The key
points of distinction between the proposed M.Sc. in Environmental Science and other
environment-related master’s programs at U of T are highlighted below:
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Masters of Environmental Science (M.Env.Sc. — UTSC)

This is a professional, course-based master’s program that is research informed, but not
research intensive. This is a large enrolment (80—-100 students annually) program in which
most students choose an “internship option” for the final 4 months of their 12-month program
while approximately 6—10 students annually choose a 4-month “research option.” The
research option in the M.Env.Sc. has the primary goal of training students in one or two very
specific research techniques. Students who already have significant work experience will
typically choose the research option because it gives them the opportunity to learn a specific
skill or technique; this is as compared to students wanting to secure a position who will
typically choose the internship option. The “research option” in the M.Env.Sc. will be
maintained because it serves an important, but fundamentally different purpose than the
longer and more research-intensive experience that students will obtain in the proposed M.Sc.
in Environmental Science.

Master of Science in Sustainability Management, Institute of Management Innovation,
University of Toronto Mississauga (UTM) (M.5c.S.M.)

This is a course-based program that provides training to act outside traditional disciplines,
integrating knowledge from management, social, and natural sciences to address sustainability
issues and to make advances in sustainability management. The program is intended to
provide a strong foundation in sustainability management while offering an opportunity to
specialize in a management or science concentration. The program admits students from
diverse academic backgrounds and is aimed at individuals who want to pursue a management
career in sustainability-related divisions and organizations. As such, it differs from the explicit
research-intensive focus of the proposed M.Sc. in Environmental Science.

Master of Environment and Sustainability, School of the Environment, Faculty of Arts and
Science (M.E.S.)

This is a research-based master’s program focusing on transdisciplinary research in problems
related to environment and sustainability. It is intended for students who wish to pursue a
broad transdisciplinary research degree that explores issues related to the environment and
sustainability through the multiple perspectives of the social sciences, humanities, and natural
sciences. Admissions requirements are broader than the proposed M.Sc. in Environmental
Science because graduates of either an Honours Bachelor of Science or a Honours Bachelor of
Arts may be admitted. This program responds to a broader international trend to re-focus
environmental studies programs to respond to the sustainability challenges of the 21st century.
Learning objectives in this program differ from the proposed M.Sc. — most distinctively

because the M.E.S. focuses on approaches and techniques for sustainability and the proposed
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M.Sc. focuses on approaches and techniques for environmental science data generation and
research. This program will launch in September 2022.

Master of Forest Conservation, Graduate Department of Forestry, John H. Daniels Faculty of
Architecture, Landscape, and Design (M.F.C.)

This professional, course-based 16-month program has been accredited by the Canadian
Forestry Accreditation Board and has a strong focus on field and laboratory practical training,
field courses, practical internships, and individual and group research. The intention of the
program is to provide a strong, coherent professional education in forest conservation to
students from diverse educational backgrounds.

Master of Science in Forestry, Graduate Department of Forestry, John H. Daniels Faculty of
Architecture, Landscape, and Design (M.Sc.F.)

In this research-stream program, students conduct focused research under the supervision of a
faculty member. Faculty members’ research is often interdisciplinary and applied in nature,
distilling the utility and impact of discoveries and enabling partnerships with the public, private,
and non-profit sectors. Research interests in the program include forest conservation biology,
invasive species and threats to forest health, fire and ecosystem management, urban forestry,
forest biomaterials science, and bioenergy.

Students entering both forestry programs have specific interests in forestry and forest
conservation. We have not included either the M.F.C or M.Sc.F. programs in the graduate
environment programs “map” in Table 1 because they are disciplinarily distinct from the
offerings of the other programs.

In addition to these graduate programs, the University of Toronto offers two Collaborative
Specializations. The Collaborative Specialization in Environmental Studies examines
environmental-related issues from different disciplinary perspectives in order to gain insights
about the importance of understanding and applying interdisciplinary approaches and
methodological concepts and tools in environmental decision making. The Collaborative
Specialization in Environment and Health focuses on understanding the human health
implications of chemical, biological, and physical hazards in the environment, it encompasses
topics such as the health impacts of air and water quality, climate change, contaminated lands,
and urban design, and the need for interdisciplinary approaches to address them. Both
Collaborative Specializations are offered through the Faculty of Arts and Science’s School of
the Environment. Collaborative Specializations provide an additional multidisciplinary

experience for students enrolled in and completing a participating degree program. They offer
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opportunities for students completing different degree programs to do some research and
training in the area and do not lead to a separate degree in the area.

Comparator Programs: National and International

Institutionally U of T is recognized as having existing research strength in the area of
environmental science; for example, U of T ranks 31 in the 2021 QS World University Rankings
in Environmental Sciences (2021). The proposed program will leverage that existing strength in
the more specific subfield of environmental science. Appendix E and the summary below
provide a comparison, and highlight critical contrasts, to similar Canadian and international
programs.

Ontario and Canada

In line with the importance of this subject area, there are multiple programs in Ontario and
Canada that are focused on different aspects of sustainability and environmental studies. In
Ontario, the University of Guelph, University of Windsor, and Nippissing University offer M.Sc.
programs in Environmental Science. Trent University offers a M.Sc. in Environmental and Life
Sciences. Finally, the University of Waterloo offers an interdisciplinary, environment-focused
M.Sc. degree program in Environmental Science that is housed in the Department of
Geography and Environmental Management. In Canada, Memorial University of
Newfoundland, University of Lethbridge, Thompson Rivers University, and the University of
Prince Edward Island offer M.Sc. degrees specifically in Environmental Science, while UBC-
Okanagan offers a M.Sc. degree in Earth and Environmental Sciences. The UBC Vancouver
campus offers a M.Sc. in Resources, Environment, and Sustainability. Finally, McGill University
has a ‘graduate option’ in Environment, but they do not have a direct M.Sc. in Environmental
Science.

Compared to other programs provincially and nationally, the proposed program distinguishes
itself through its early immersion of students into the research process, strong academic rigour
focused on scientific approaches to environmental problems, and unique timeline that allows
for the completion of comprehensive research projects in 16 months. Similar to the programs
identified above, the proposed M.Sc. in Environmental Science has a relatively similar course
and thesis focus; however, it differs from these programs with respect to the specific research
that can be supported by faculty, by the comparably large number of graduate courses
available, by its unigue research-focused timeline, and especially through its support from a
strong doctoral-stream program that leverages advantages such as being situated within a

large U of T community of cognate graduate programs. In addition to in-program offerings, this
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offers even greater breadth and extensive opportunities for seminars, as well as access to
diverse expertise and collaboration.

U.S. and International Universities

According to the QS rankings, Stanford University, Massachusetts Institute of Technology
(MIT), and the University of California, Berkeley are the top-3 schools offering graduate
programs in environmental science. Stanford’s School of Earth, Energy, and Environmental
Sciences offers a number of environment-related graduate programs, including a geosciences-
focused M.Sc. in Earth Systems. MIT’s Department of Earth, Atmosphere, and Planetary
Sciences offers as a two-year Master of Science (S.M.) degree. The University of California,
Berkeley offers a M.Sc. program in Environmental Health Sciences and a Ph.D. (but no M.Sc.) in
Environmental Science, Policy, and Management. The Berkeley M.Sc. is not comparable to the
proposed M.Sc., since Environmental Health Sciences is a primarily health sciences-rooted
subdiscipline. ETH-Zurich, University of Oxford, and Wageningen University (Netherlands) are
the top-3 international schools offering graduate programs in environmental science. ETH-
Zurich offers a M.Sc. in Environmental Science, the University of Oxford offers a M.Sc. and

MPhil in Environmental Change and Management, and Wageningen University offers a M.Sc. in
Environmental Sciences.
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Table 1: Comparison of U of T Environment-Related Graduate Programs

Commonalities

Career Trajectories

environmental
science
including

[] Research paper
option.

Appeals to Program Structure | Key Themes
Students With
MScSM [J Background in Professional ] Integration of
Sustainability management program business
Management science, 0 20-month management,
(Mississauga engineering, or program; natural sciences,
Campus) natural/social 1 10-to 16-week and social
sciences; internship; sciences;

] Interestin [0 Capstone J Environmental,
combining project; economic, and
science and 0 Year-long social
management research paper sustainability;
perspectives. course. [] Management

principles and
strategies;
[] Environmental
law and policy.
MEnvSc [J Background in Professional [] Understanding
Environmental the natural program and applying
Science sciences; (] 12-month scientific
(Scarborough LI Interestin the program; methodologies;
Campus) professional ] 16-week [] Science
practice of internship; communication;

[0 Professional

practice in

Interdisciplinary
approaches;

Integrated thinking
for 21st-century
sustainability
challenges;

Putting knowledge
into action;

Critical thinking and
communication
skills.

Leadership and
senior management
roles in
sustainability in
private and public
sectors.

Professional
environmental
scientist in
government,
consulting, or
private industry.
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Appeals to
Students With

Program Structure

Key Themes

Commonalities

Career Trajectories

environmental
monitoring and
assessment,
climate change,
and biodiversity
and
conservation.

environmental
sector.

MES Environment
and Sustainability
(St. George
Campus)

L] Any

background;

1 Interestin

problem-
centred
research on
global
environmental
challenges.

Research-based

program

(1 12-month
program;

] Living
Laboratory
Experience;

[] Ongoing thesis
project
throughout.

] Integration of

perspectives
from
humanities,
social sciences,
and natural
sciences;

[] Transdisciplinary

approach
combining
multiple sources
of knowledge;

(] University

campus as a
living laboratory
for
sustainability.

Research career in
academia,
government, or
private sector.
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Appeals to
Students With

Program Structure

Key Themes

Commonalities

Career Trajectories

Proposed

MSc in
Environmental
Science
(Scarborough
Campus)

1 Background in
science or
engineering;

L] Interestin
science-based
research
experience on
environmental
problems.

Research-based

program

[1 16-month
program;

] Immediate
immersion in
research;

[] Ongoing thesis
project
throughout.

[] Understanding
and applying the
scientific
method toward
environmental
problems;

[1 Collection and
interpretation of
original data;

[J Communication
of research
results to
diverse
audiences;

[] Research ethics.

Research career in
academia,
government, or
private sector.
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6 Enrolment

e Please provide details regarding the anticipated in-take by year, reflecting the expected
increases to reach steady state. Include approximate domestic/international mix. This
table should reflect normal estimated program length. (Please adjust the table as
necessary.)

e Please provide an explanation of the numbers shown and their relation to the
Faculty/division’s enrolment plan. Please be specific where this may differ from approved
enrolment plans.

The program’s first cohort will have 8 students, rising by 3—4 additional students per year, until
a steady-state annual enrolment of approximately 15 students is reached. Initially the focus will
be on admitting domestic students to the program. The program will consult annually with the
School of Graduate Studies and the Planning and Budget office on its ability to admit
international students.

There are approximately 50 very research-active core graduate faculty and 15 adjunct faculty
who will support this program and, thus, reaching a steady-state of 15 students per year is
realistic. This number has been built into enrolment planning across the graduate offerings at

UTSC, and should be sustainable based on the number of available master’s spots.

Table 2: Graduate Enrolment Projections

Year of Study | 2022-23 2023-24 2024-25 2025-26 2026-27
(steady-state)

Year 1 8 12 15 15 15

Year 2 0 8 12 15 15

*Note: the academic year consists of a Fall - Winter — Summer sequence; the first cohort of the
M.Sc. in Environmental Science will start in May 2023.
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7 Admission Requirements

e Provide a formal statement of admissions requirements as they will appear in the SGS

Calendar entry.

e Explain how the program’s admission requirements are appropriate for the learning
outcomes established for completion of the program.

» How will they help to ensure students are successful?

» Provide sufficient explanation of any admissions requirements that are above or in
addition to the normal minimum requirements for a graduate program at this level
(including higher GPA, specific knowledge or skills — e.g., prior calculus; prior
professional practice; additional language, interviews, portfolio, letters of intent, etc.)
For example, are there specific undergraduate or master’s programs from which
students may be drawn?

Minimum Admission Requirements

e Applicants are admitted under the General Regulations of the School of Graduate Studies.
Applicants must also satisfy the Graduate Department of Physical and Environmental
Sciences' additional admission requirements stated below.

e Applicants whose primary language is not English, and who graduated from a university
where the language of instruction and examination was not English, must demonstrate
proficiency in English. See General Regulations section 4.3 for requirements.

e A science or engineering undergraduate degree, with a minimum mid-B grade average in
the last two years of the undergraduate program.

e Applicants must submit a written, maximum 300-word statement describing their
interests in Environmental Science. The statement should describe any research
experience, the suitability of their academic background for a M.Sc. in Environmental
Science, and their environmental science-related research objectives in the M.Sc.
program. Applicants must make clear in their written statement the supervising professor
with whom they plan to conduct their thesis research and their interest in conducting
research in their chosen area.

e Applicants must have completed at least ONE of the following:

» At least one supervised research experience during their undergraduate studies. This
may include an honours thesis, a research-based work-term (which may be in a lab or
involve field work or modelling), a summer research experience or another course
formally linked to a research project. One of the applicant’s reference letters must be
from their research experience supervisor or co-supervisor.
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» At least 10 one-term courses at the upper-level (Years 3 and 4 of full-time
undergraduate studies) in a science discipline (e.g., environmental science, earth
science, physical geography, biology, chemistry, mathematics/statistics, physics,
computer science, forestry) or in a branch of engineering (e.g., civil, chemical,
environmental).

A key component of the proposed M.Sc. in Environmental Science is the student’s immediate
immersion into the research process. For a student to be successful moving directly into
research, they should already have a well-rounded scientific or quantitative undergraduate
education and some idea of the research problem to be addressed.

The undergraduate degree and course requirements outlined in the Minimum Admission
Requirements will ensure the student has a well-rounded undergraduate education in science
or engineering. There is also a requirement for either a previous undergraduate research
experience or completing a rigorous number of upper-level science courses. This is a necessary
part of ensuring a student’s success in the early research immersion that is foundational to the
proposed M.Sc. program. Previous research experience and/or serious engagement in upper-
level science and engineering courses at the undergraduate level will ensure that students are
able to successfully and immediately engage with original research because these requirements
give them either the experience and/or academic background to do so. These additional
requirements will also help to ensure that students entering the program are serious, mature
scientists who are prepared to be successful.

As part of the admissions process, the Graduate Department of Physical and Environmental
Sciences will maintain a web-based listing of available research projects and supervising
professors for each admissions cycle (October to March). Prospective students will be advised to
contact potential supervising professors prior to applying to the program and will be expected,
in their written statement, to communicate broad ideas for their thesis research. U of T uses an
online application process that facilitates the involvement of potential supervisors in the
admissions process. Potential supervisors will be expected to also make a case about the

suitability of a particular student for this program.
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8 Program Requirements, Learning Outcomes,
Degree Level Expectations (DLEs) and Program
Structure

e |na curriculum map, or in the table below, or in another format appropriate for the
discipline, state the program learning outcomes and program requirements, and show
how the program learning outcomes are appropriate for the degree level expectations.

e Discuss how the design, structure, requirements and delivery of the program are
appropriate for the program learning outcomes and degree level expectations. Please
include:

» The sequencing of required courses or other learning activities, etc.

» The mode of delivery of the program (face-to-face; blended or online; placement, etc.)
and how it is appropriate to support students in achieving the learning outcomes of
the program and the degree level expectations. Whether the program will be offered
on a full-time basis only or will also be offered part-time and if so, why.

» The program length for both full-time and part-time students. Address how the
program requirements can reasonably be completed within the proposed time period.

» Describe how the specific elements of the curriculum (e.g., Internships, etc.) will be
administered.

» A clear indication of how faculty “scholarship and research is brought to bear on the
achievement of Degree Level Expectations” (UTQAP 1.1)

» Forresearch-focused graduate programs, provide a clear indication of the nature and
suitability of the major research requirements for degree completion. For professional
graduate programs, how the research expectations of the degree level expectations
will be met.

» Describe how the program structure and delivery methods reflect universal design
principles and/or how the potential need to provide mental or physical health
accommodations has been considered in the development of this program.

» Describe how the program structure and delivery methods promote student well-
being and resiliency in the learning and teaching environment.

» Describe any elements that support a sense of community in the program

e Please include the standard text which has been inserted in the box.

Program Design
The proposed M.Sc. in Environmental Science is a full-time, 16-month program (1.5 FCE, plus
thesis).
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The May start is a distinctive part of the program design, and it recognizes the fact that many
aspects of environmental science research are carried out and/or supported in the summer
months. By beginning early, students can be immersed in their research for the entire duration
of the program. Two potential concerns with an early immersion in research is a new M.Sc.
student’s ability to immediately conduct research and to collect the correct data in support of
answering a specific research question. The offering of a research-related course and associated
workshop in the first summer term — “Environmental Science Research Experience” (EES
1200H; 0.5 FCE) — and a carefully curated admissions process where students are “matched”
with supervisors and projects, will serve to alleviate both concerns. The immediate immersion
into research will give students the opportunity to train and collect data in the early months,
focus on required and elective course work (an additional 1.0 FCE) for the Fall and Winter
terms, with some possible follow-up work in the final Summer term concurrent with writing the
thesis. This schedule is designed to fit the needs of environmental science research, to help
students quickly launch their research, and to allow students to finish in time to start a Ph.D.
program, while still completing substantive original research.

In Environmental Science, field work is a critical element of much of the original research. In the
September entry model, it may be late in the season to begin most types of field research in
Canada. Professors immersed in Fall teaching may have limited bandwidth to support early
supervision, and students take courses from September through April, often starting the
collection of original data in April or May. Field work generally continues through August or
later. With the additional needs of having to conduct chemical and/or statistical analyses before
writing up the research, finishing within one year can be challenging. Where another approach,
such as mathematical modelling, is the dominant way of conducting research, an overall 16-
month program would still be much more likely to result in publishable material. Confidence in
this early research immersion approach stems from experience with NSERC Undergraduate
Student Research Award (USRA) students. Funded by NSERC (or sometimes internally) bright
students are chosen to carry out 16 weeks of summer research defined for them by the Pl. USRA
students have been particularly successful in the M.Env.Sc. and Ph.D. programs in
Environmental Science, with many examples of students having published their research in
peer-reviewed scientific literature. For many students in the M.Sc. program, the first term will
therefore provide an important hands-on learning experience that will contribute to their better
understanding of their research problem, and the inherent pitfalls, than any coursework will.
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Program Learning Outcomes

The Program Learning Outcomes (PLOs) are described in detail here; to see the alignment of the
Program Learning Outcomes to the Degree Level Expectations for a master’s program, see Table
3, below.

By the end of the program, students will be able to:

PLO1: Understand the interdisciplinary nature of environmental science founded upon the
integration of physical, biological, and information sciences, including: ecology, biology, physics,
chemistry, plant science, hydrology, soil science/geology, physical geography and geospatial
science; advance understanding of the systems approach to support critical thinking and
synthesis of information across multiple disciplines.

PLO2: Critically evaluate the scientific validity of the content and sources of scientific
information and recognize knowledge gaps by relying both on the breadth of environmental
science knowledge and on the depth of knowledge related to the specific sub-discipline areas of
students’ research projects; be able to use this information to critically evaluate the robustness
with which inferences can be drawn from past research.

PLO3: Understand the multitude of scientific methods required in the study of environmental
systems.

PLOA4: Design research projects within the context of established and/or emerging paradigms in
environmental science. Specifically:
e (Critically identify compelling scientific questions;
e Gather and/or produce data relevant to testing a hypothesis or in the pursuit of
generating new knowledge in environmental science;
e Properly analyze and interpret data and contextualize new findings in relation to major
concepts and methods within environmental science;
e Formulate a coherent discussion of research findings and provide context for how the
research findings advance knowledge in environmental science;
e (Critically evaluate the robustness of the key results and articulate strengths and
weaknesses of a research project; and
e Propose future research directions that build upon the major findings of a completed
project.
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PLOS5: Apply relevant statistical and mathematical modelling techniques and analytical methods
used in environmental science to quantify the precision, accuracy, and robustness of research
results.

PLOG6: Produce research of a quality and extent to either merit peer-reviewed publication on its
own or contribute significantly to a collaborative publication that is partially conceived,
encouraged, and overseen by a supervisor.

PLO7: Understand their role and responsibilities in a team research setting, and conduct
research and interact with team members in an ethical and professional manner.

PLO8: Understand and recognize the integrity of the scientific process.

PLO9: Write coherently, concisely, and with clarity.

PLO10: Give well-organized and focused oral presentations, including the ability to effectively
summarize key information.

PLO11: Communicate effectively with a range of audiences, including environmental science
experts.

PLO12: Demonstrate basic knowledge of the fundamental role of uncertainty in environmental
science research and practice. Specifically:
e Understand the different types of uncertainty and their relative importance for scientists,
stakeholders, policy makers, and the public;
e Recognize that scientific understanding is limited by our abilities to measure, observe,
and perceive phenomena and that this ability changes as science progresses; and
e Recognize that the interpretation of a particular environmental issue is from an
interdisciplinary point of view and that there are inherent limitations in examining issues
at different scales and degrees of granularity.

To ensure students meet these program learning outcomes, the proposed M.Sc. in
Environmental Science is structured around a 4-term model. Below is the term by term
description of the pathway that details the program requirements and their alignment with the
program learning outcomes. This information is also reflected in the curriculum map in
Appendix G of this proposal.
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Term 1 (May — August)

Students in the program are required to begin in May and to enrol in the term 1 course, EES
1200H (Environmental Science Research ). This course will begin with an in-person 4-day
workshop outlining both short- and long-term program expectations, theory on research
approaches, introduction of basic methodological tools, learning objectives with respect to
project design, execution of research, data analysis and interpretation, critical synthesis, and
information on important graduate student resources (PLO3, PLO4, PL0O5). The course will be
team-taught by supervising professors from each year’s cohort of incoming students, with
overall coordination by the Graduate Chair and/or Associate Graduate Chair. As detailed in the
admission requirements, students enter the program knowing their particular research options
and thus immediately begin research data collection under the mentorship of their supervising
professor(s) (PLO4). Research can take many forms (i.e., field and/or lab data collection,
computer modelling, literature meta-analyses), but the principal requirement is that the student
collect data. Training in the norms of data collection, the use of scientific instruments,
application of the scientific method with integrity (PLO8) and integration of the student into the
professional setting of a research group (PLO7) is led by the supervising professor(s). By the end
of term 1, students must present a research poster (PLO10, PLO11) that critically reflects on
their research objectives (and research hypotheses) (PLO4), positions the research project
within the broader context of the area of study, exhibits early data generation, undertakes an
assessment of potential challenges and sources of uncertainty that could shape the outcome of
the proposed research (PLO12), and anticipates skill sets that are required and should be
pursued over the course of the program in order to successfully complete the research.

Term 2 (September — December)

Starting in term 2, the student must begin “M.Sc. Research Thesis”, which is the formal
requirement to conduct research and complete a M.Sc. thesis by end of program, and enrol in
the mandatory core course EES 1201H (Environmental Science: Approaches and Methods in
Research). The core course will focus on the theory, critical analysis of past research,
methodological frameworks that are essential for conducting environmental science research,
communication, and professionalism (PLO1, PLO2, PLO7, PLO8, PLO11). In particular, one of the
major learning outcomes is to effectively communicate the multitude of scientific methods
required and the uncertainties underlying the study of environmental systems, including the
guantification of uncertainty (PLO3, PLO5, PLO12). Faculty with different expertise in hydrology,
ecology, environmental modelling, geospatial analysis, and environmental chemistry will
highlight the interdisciplinary nature of environmental science and will foster the skills that are

necessary to formulate any environmental problem as the result of a complex interplay among
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physical, chemical, and biological mechanisms (PLO1, PLO2, PLO12). By the end of EES 1202H
students will be expected to have demonstrated the advancement of their research project
both as a critical reflection of their first and second term research (PLO2) and with a solid plan
for the completion of their research project (PLO4). Another major training objective of the core
course is the development of communication skills in the form of both oral presentations and
scientific manuscripts for submission to peer-reviewed journals (PLO9, PLO10). “M.Sc. Research
Thesis” is completed through direct mentorship and training from the student’s supervisor and
the supervisory committee, and culminates with the write-up and oral defence of a M.Sc. thesis
in term 4 (PLO3, PLO4, PLOS5, PLO6).

Term 2 and/or 3 (September — April)

The student is required to take a minimum of one additional course during term 2 or 3. The
selection of the course(s) will be guided by the supervisory committee and will be directly
related to the critical reflections during the first term (May — August) of the student’s tenure in
the program. GDPES offers an impressive number of graduate courses in environmental science
that cover a wide array of topics in ecology, hydrology, environmental chemistry, environmental
remediation, environmental modelling, geospatial analysis, fluid mechanics, and geology (PLO1).
Broadening student knowledge through elective courses will also help the student in critically
evaluating scientific information (PLO2). Continuing mentorship of students by supervising
professors will further develop their ability to work as part of a scientific team and to develop
their knowledge of the importance of scientific ethics (PLO7, PLO8). During terms 2 and/or 3,
the training of the students will be further augmented by teaching assistant assignments, which
offer the opportunity to improve their communication skills, to think critically and
independently, to seek out information from other disciplines, and to cultivate their mentoring
abilities (PLO2, PLO9, PLO11).

Term 4 (May — August)

In May of term 4, students will be required to present on their research to date, to peers and
faculty, as part of the department’s annual graduate research colloquium. The colloquium is an
important event in the GDPES calendar. It provides a forum for the entire community to be
informed on all the exciting work being conducted by the GDPES graduate students and
encompasses a wide range of topics in aquatic ecology, agroforestry, hydrology, contaminant
fate and transport, biogeochemistry, and environmental policy. The colloquium will provide
another important opportunity for students to practice presentation skills, and cultivate their
communication and public speaking skills (PLO10, PLO11). Guided by their supervisors, students

will be expected to synthesize their results and provide a comprehensive overview of their
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research (PLO2, PLO4). The colloquium is conveniently scheduled at the beginning of May (i.e.,
after completing one year of study in the program), thereby offering a unique opportunity for
students to put all the research outputs together, interpret the results into one coherent story,
organize thoughts, and identify strengths and weaknesses prior to writing their thesis (PLO4,
PLO5, PLO®6). Students will complete the write-up of their thesis and finish a formal oral defence
to a committee of three graduate faculty members by the end of term 4 (PLO6, PLOS, PLOY,
PLO11, PLO12).

Mode of Delivery

The program will be delivered face-to-face in the classroom, through direct supervisor-student
mentorship, and on a full-time basis only. This is necessary since the rigour of the research
process requires full-time attention to data collection, experimentation, field work, modelling or
other approaches that may be undertaken. Part-time studies are likely to lead to gaps in data
collection and interpretation that could be detrimental to a student’s ability to defend the
scientific validity of their findings.

Supervisor-student mentorship will be largely face-to-face in order to provide the hands-on
training and critical constructive feedback that is required for student research success over the
program duration. Classroom experiences in the program involve discussion, peer-to-peer
interactive learning, and in several instances, specific training with instrumentation and
methods. These pedagogical approaches lend themselves best to face-to-face classroom and
practical experiences. All current courses in the graduate program are delivered in this way
because of the superiority of this approach.

The program length for full-time students will be 16 months. The May start date and early
immersion of students into research are key components of this program and will help to ensure
that program requirements, which are largely research-based, can be reasonably completed
within the proposed time period. Course requirements (1.5 FCE, plus thesis) are modest
specifically to allow students to primarily immerse themselves into the research process.

The Graduate Chair and/or Associate Graduate Chair will administer the overall program, with
specific oversight coordination of the term 1 course EES 1200H (Environmental Science
Research 1). Supervision of individual M.Sc. research projects will be the responsibility of
supervising professors.

Given this is a research-based program, scholarship and research is brought to bear on the

achievement of Degree Level Expectations through multiple means. This includes the
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requirement to complete a M.Sc. thesis under the supervision of faculty. Supervising faculty will
also be involved annually in the early research workshop for incoming students, during which
they will share examples and experience from their own scholarship and research.

Students in the proposed M.Sc. in Environmental Science are required to complete original
research through the collection, analysis, and synthesis of data, culminating in the production of
a thesis. The thesis must include the application of relevant concepts, principles, and techniques
used in environmental science to generate and analyze data, as well as a substantial discussion
of the significance of the research findings.

U of T strives to be a fully accessible university. Important examples of this exist within the
GDPES’ infrastructure. This includes the fully accessible Environmental Science and Chemistry
Building, where students will mainly be located. This five-year-old building incorporates
accessible building access, elevators, wheelchair-accessible fumehood and laboratory benchtop
spaces, and accessible access to the building’s green roof, where students conduct a variety of
outdoor experiments and measurements.

The proposed M.Sc. will reflect universal design principles both through an ability to ensure that
there are no barriers for students of varied needs in courses and learning activities, and through
the ability within environmental science to have a variety of research approaches, which can
help in accommodating a range of needs. Moreover, the assessment of learning in required and
elective graduate courses is specifically designed to ensure student well-being and resiliency in
the learning and teaching environment. An impressive range of evaluation techniques are used
by the course instructors that include, but are not limited to, presentation of seminars, research
papers, or analytical reports, and, if appropriate, the submission of lab or field notebooks. In
these papers, reports, and presentations, students are expected to exhibit depth, breadth, and
application of knowledge, and formalism of applied environmental issues, critical thinking skills,
and oral and written communication skills appropriate to the master’s level. In addition,
classical "midterm" and "final" exams are sometimes used, but these are commonly take-home
exercises that require the synthesis of information. One faculty member also conducts one-on-
one meetings to test student grasp of statistical or modelling tools.

There are a number of research approaches taken in environmental science, ensuring significant
flexibility for students to complete their thesis research through multiple pathways, in the
instance that one pathway turns out to be inaccessible. While accommodations already exist
(see above) for physical barriers to field work and laboratory approaches, students can also rely
on approaches to environmental science research that involve modelling and metadata
synthesis, which tend to pose fewer physical barriers to participation. These approaches will still
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lead to success with the learning outcomes of this program. Importantly, the proposed program
relies on a close mentoring relationship between students and supervisors. Because of this,
there is very good potential for individual solutions to barriers and/or accommodation of needs.

Finally, UTSC offers a suite of student services that are well-connected to the GDPES. This
includes, for example, both AccessAbility Services and Health and Wellness Services.
AccessAbility Services provides a space for students to access disability consultants and to arrive
at accommodations that maintain the learning and training breadth and depth that is expected
of students in a particular program. Health and Wellness Services provide mental and physical
health services to students. The GDPES is fully aware of the struggle that many graduate
students face with mental health. For two years now, the department has worked with Health
and Wellness to have a mental health counsellor embedded within the unit on a part-time basis.
This has proven itself a valuable resource for existing programs, and there is enough flexibility to
additionally accommodate this program. As well, staff and faculty are trained, through programs
offered by the University, to recognize mental health distress and know how to get help for
students in need.

The Graduate Department of Physical and Environmental Sciences has an impeccable record in
promoting student well-being and resiliency in the learning and teaching environment, as well
as cultivating a sense of community in the M.Env.Sc. and PhD in Environmental Science
programs. Students in the proposed M.Sc. will directly benefit from these activities. A few
characteristic examples are:

(i) Informative orientation events: GDPES has developed a novel orientation model, where
incoming students can meet faculty, staff and other students in an atmosphere where they feel
valued and respected. Students are invited to a catered event at the Principal’s residence, Miller
Lash House, where they have the opportunity to attend talks by faculty, engage in fun activities
purely for camaraderie, including an event modelled on "speed dating," where students
circulate to different tables to meet with different faculty, other instructors and/or senior
graduate students, ask questions and exchange information. Representatives from all the
available student services at UTSC, including the Center for Teaching and Learning, are also
invited and share information about the wide range of support that the UTSC campus provides.
These orientation events have received many compliments and make for a good start each year.

(ii) Incorporating job searching workshops, and seminars by potential employers: Students in
the proposed program will be encouraged to partake in a range of training workshops organized
on a regular basis by the department, including preparation for job applications, cultivation of
their interviewing skills, etc. Special events are also available, where potential employers,
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including alumni of GDPES graduate programs, are invited to speak to the students regarding
career prospects and job-hunting strategies.

(iii) Facilitating networking: In a world where “who you know” remains almost as important as
“what you know,” GDPES tries to facilitate networking whenever possible. The department
holds a social event for all graduating students the night before their graduation ceremony.
Alumni, faculty, instructors, potential employers, and staff are all invited. GDPES also hosts
"Networking Breakfast" events, where potential employers are invited to mingle with graduate
students over a breakfast during different periods of the academic year. It is expected that the
students of the proposed M.Sc. will be an integral part of these events.

Whereas the Province’s Quality Assurance Framework requires that students complete a
minimum of two-thirds of courses at the graduate-level, the University of Toronto requires
graduate students to complete all of their course requirements from amongst graduate-level
courses. This proposed program complies with this requirement.
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Table 3: Master's DLEs and the Program Learning Outcomes

Master’s DLEs (based on the Ontario
Council of Academic Vice-Presidents
[OCAV])

Master’s Program Learning Outcomes

demonstrated:

Expectations: This M.Sc. in Environmental Science is awarded to students who have

1. Depth and Breadth of Knowledge
A systematic understanding of
knowledge, and a critical awareness
of current problems and/or new
insights, much of which is at, or
informed by, the forefront of the
academic discipline, field of study or
area of professional practice.

Depth and Breadth of Knowledge is defined in the M.Sc.
in Environmental Science as a systematic understanding
of the history of and approaches to knowledge
generation in environmental science as an
interdisciplinary field, as well as a critical awareness of
current problems and/or new insights within a specific
sub-discipline or subject area of environmental science.
This is reflected in students who are able to:

PLO1: Understand the interdisciplinary nature of
environmental science founded upon the integration of
physical, biological, and information sciences, including
ecology, biology, physics, chemistry, plant science,
hydrology, soil science/geology, physical geography, and
geospatial science; and advance understanding of the
systems approach to support advanced critical thinking
and synthesis of information across multiple disciplines.

PLO2: Critically evaluate the scientific validity of the
content and sources of scientific information and
recognize knowledge gaps by relying both on the
breadth of environmental science knowledge and on the
depth of knowledge related to the specific sub-discipline
areas of students’ research projects; and be able to use
this information to critically evaluate the robustness
with which inferences can be drawn from past research.

2. Research and Scholarship

A conceptual understanding and

methodological competence that:

e Enables a working
comprehension of how

established techniques of

Research and Scholarship is defined in the M.Sc. in
Environmental Science as the ability to understand
disparate means of conducting environmental science
research (modelling, field data collection, laboratory
experimentation, remote sensing) and the
instrumentation required to gather data in order to
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research and inquiry are used to
create and interpret knowledge in
the discipline;

Enables a critical evaluation of
current research and advanced
research and scholarship in the
discipline or area of professional
competence; and

Enables a treatment of complex
issues and judgments based on
established principles and
techniques; and, on the basis of
that competence, has shown at
least one of the following:

The development and support of
a sustained argument in written
form; or

Originality in the application of
knowledge.

create and interpret knowledge in the discipline; the
critical evaluation of peer-reviewed environmental
science publications to recognize gaps in knowledge and
needs for future research; and the gathering of
defensible data and/or the development of theory
synthesized from prior scientific knowledge via field
measurements, digital data collection, metadata
analysis, laboratory experimentation or modeling in
environmental science. This is reflected in students who
are able to:

PLO3: Understand the multitude of scientific methods
required in the study of environmental systems.

PLO4: Design research projects within the context of
established and/or emerging paradigms in
environmental science. Specifically:

e Critically identify compelling scientific questions;

e Gather and/or produce data relevant to testing a
hypothesis or in the pursuit of generating new
knowledge in environmental science;

e Properly analyze and interpret data and
contextualize new findings in relation to major
concepts and methods within environmental science;

e Formulate a coherent discussion of research findings
and provide context for how the research findings
advance knowledge in environmental science;

e Critically evaluate the robustness of the key results
and articulate strengths and weaknesses of a
research project; and,

e Propose future research directions that build upon
the major findings of a completed project.

PLOS: Apply relevant statistical and mathematical

modelling techniques and analytical methods used in

environmental science to quantify the precision,
accuracy and robustness of research results.
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3. Level of Application of
Knowledge

Competence in the research process

by applying an existing body of

knowledge in the critical analysis of a

new question or of a specific

problem or issue in a new setting.

Level of Application of Knowledge is defined in the M.Sc.
in Environmental Science as the ability to analyze and
interpret data from various sources by applying
standard technigues and an understanding of the
existing knowledge in environmental science to the
testing of scientific hypotheses via the interpretation of
collected data or in the discovery of scientific
phenomena. This is reflected in students who are able
to:

PLO4: Design research projects within the context of
established and/or emerging paradigms in
environmental science. Specifically:

e Critically identify compelling scientific questions;

e Gather and/or produce data relevant to testing a
hypothesis or in the pursuit of generating new
knowledge in environmental science;

e Properly analyze and interpret data and
contextualize new findings in relation to major
concepts and methods within environmental science;

e Formulate a coherent discussion of research findings
and provide context for how the research findings
advance knowledge in environmental science;

e Critically evaluate the robustness of the key results
and articulate strengths and weaknesses of a
research project; and,

e Propose future research directions that build upon
the major findings of a completed project.

PLOG6: Produce research of a quality and extent to either
merit peer-reviewed publication on its own or
contribute significantly to a collaborative publication
that is partially conceived, encouraged, and overseen by
a supervisor.

4. Professional Capacity/
Autonomy

Professional Capacity/Autonomy is defined in the M.Sc.
in Environmental Science as the ability to participate in
environmental science research projects ethically and
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e The qualities and transferable

skills necessary for employment

requiring:

>

The exercise of initiative and
of personal responsibility and
accountability; and
Decision-making in complex
situations

The intellectual independence
required for continuing
professional development;
The ethical behavior
consistent with academic
integrity and the use of
appropriate guidelines and
procedures for responsible
conduct of research; and

The ability to appreciate the
broader implications of
applying knowledge to
particular contexts.

with integrity; the ability to contribute responsibly as
part of a research team; and the ability to recognize key
determinants in complex scientific problems and
prioritize actions accordingly. This is reflected in
students who are able to:

PLO7: Understand their role and responsibilities in a
team research setting, and conduct research and
interact with team members in an ethical and
professional manner.

PLO8: Understand and recognize the integrity of the
scientific process.

5. Level of Communications Skills

The ability to communicate ideas,

issues, and conclusions clearly.

Level of Communications Skills is defined in the M.Sc. in
Environmental Science as the ability to share research
findings effectively with both expert and layperson
audiences. This is reflected in students who are able to:

PLO9: Write coherently, concisely, and with clarity.

PLO10: Give well-organized and focused oral
presentations, including the ability to effectively
summarize key information.

PLO11: Communicate effectively with a range of
audiences, including environmental science experts.

6. Awareness of Limits of

Knowledge

Cognizance of the complexity of

knowledge and of the potential

contributions of other

Awareness of Limits of Knowledge is defined in the
M.Sc. in Environmental Science as an understanding of
the limits of scientific evidence as it relates to
enviornmental issues, and the articulation of further
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interpretations, methods, and research needs and/or knowledge gaps. This is reflected
disciplines. in students who are able to:

PLO12: Demonstrate basic knowledge of the
fundamental role of uncertainty in environmental
science research and practice. Specifically:

e Understand the different types of uncertainty and
their relative importance for scientists, stakeholders,
policy makers, and the public;

e Recognize that scientific understanding is limited by
our abilities to measure, observe, and perceive
phenomena and that this ability changes as science
progresses; and,

e Recognize that the interpretation of a particular
environmental issue is from an interdisciplinary point
of view and that there are inherent limitations in
examining issues at different scales and degrees of

granularity.
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9 Assessment of Learning

e Appropriateness of the proposed methods for the assessment of student achievement of
the intended program learning outcomes and degree level expectations.

e Describe plans for documenting and demonstrating the level of performance of students
consistent with the DLEs. (Assessment of Teaching and Learning examples in Guide to
Quality Assurance Processes.)

Students demonstrate the degree level expectations through the writing and successful defense
of their research thesis, the successful completion of course work, their teaching experiences,
collaborations, and their contributions to conferences or other professional meetings, including
Graduate Professional Skills courses. Specifically, each program learning outcome is assessed as
follows:

PLO1: Assessed through both the completion of a thesis literature review and in-class
assignments related to both benchmark published case studies and the review of popular
articles in the course EES 1201H (Environmental Science: Approaches and Methods in Research).
Students will be expected to apply knowledge gained from coursework and in the context of
scholarship traditions in Environmental Science.

PLO2: Assessed through the completion of a thesis literature review — Research requires a
sound understanding of the foundation of our current understanding such that new ideas may
be generated. By writing a literature review, students will engage deeply with a specific sub-
disciplinary subject area of environmental science and learn to both critically evaluate previous
research and synthesize research in order to evaluate past research, critically identify
compelling scientific questions, and design research projects within the context of established
and/or emerging paradigms in environmental science. The supervising professor will oversee
the completion of the thesis literature review and provide critical feedback as needed. The
underlying outcome here is to increase content knowledge, to improve critical evaluation and
synthesis skills and to improve written communication abilities.

PLO3: Assessed as part of two courses: EES 1200H (Environmental Science Research Experience)
and EES 1201H (Environmental Science: Approaches and Methods in Research) and through the
research process leading to the successful defense of a thesis. The critical evaluation of
published research will be reviewed as part of both mandatory courses. A key criterion for
successful defense of the master’s thesis will be inherent in the student’s ability to understand
(and possibly adopt) the diverse range of scientific methods required and the uncertainties
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underlying the study of environmental systems. Special emphasis will be given to the ability of
students to distinguish between knowledge gained and gaps that collectively shape the
robustness of the inference drawn in environmental science.

PLO4: Assessed through both the early research immersion experience in EES 1200H
(Environmental Science Research Experience) and through the completion and successful
defense of a thesis. Students in the early research immersion experience will present a poster
outlining the overarching goals of their project, elaborate on the novelty of their work, and
articulate early research findings. The veracity of data collection or production is a key
component of the successful defense of the thesis. Another important criterion for the
successful defence of the thesis is the analysis and interpretation of data according to methods
that are accepted within the discipline. As part of a thesis discussion, new findings must be
contextualized in relation to major concepts and/or methods within environmental science. The
discussion must include a connection between research findings and other advanced knowledge
in environmental science. It is also expected that there will be a critical evaluation of the
robustness of key results and a critical presentation of the strengths and weaknesses of a
research project. The thesis should also include future research directions that build upon the
major findings of the completed project.

PLOS5: Introduced in EES 1201H (Environmental Science: Approaches and Methods in Research)
and ultimately assessed through both supervisor mentorship and the successful defense of the
thesis. Additionally, students can opt to take a quantitative methods course if statistical
analyses are particularly important to completing the thesis. Depending on the topic addressed,
the dissertation will be expected to incorporate concepts and strategies from the value-of-
information theory and power analysis to assess the robustness of the presented results. The
contextualization of the completed project within a study area of interest in environmental
science is expected to be supported by solid evidence and rigorous statistical analysis.

PLOG6: Assessed through the successful defense of a research thesis overseen by a committee of
three professors, including the supervising professor or co-supervising professors. Students will
be mentored by supervisors to produce a research outcome that can either merit peer-reviewed
publication on its own or contribute significantly to a collaborative publication.

PLO7: This outcome is primarily concerned with the student’s performance in a real research
group setting, and will be assessed through the supervisor-student relationship during the
student’s work in gathering or producing data for production of the thesis.
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PLOS8: Assessed through a case study assignment in EES 1201H (Environmental Science:
Approaches and Methods in Research). Case studies will focus on examples of both exemplary
and poor handling of the integrity of data and the scientific process. Ethical considerations in
environmental science are included in the curriculum of this course. Additionally, students will
peer-review group members for at least one group assignment.

PLO9: Assessed through coursework assignments and through the successful defense of the
thesis. The clarity and appropriate conciseness of the writing is inherent within the criteria of
the thesis having merit to be or contribute to a peer-reviewed publication.

PLO10: Oral communication abilities are assessed through student participation in the annual
research colloquium, through course assignments, and as part of the successful oral defense of
the thesis.

PLO11: Assessed through participation in the annual research colloquium, through the public
presentation of the “Environmental Science Research” poster assignment, and as part of the
successful defense of the thesis. Across these oral presentation platforms, students will need to
effectively communicate with audiences ranging from the public, students in other disciplines,
peers, and faculty who are experts in certain subject matters.

PLO12: Assessed through assignments in EES 1201H (Environmental Science: Approaches and
Methods in Research) and other relevant courses that are offered by the GDPES. The early
research immersion of students in the program is key for honing their ability to understand the
limits of knowledge generation and how this affects the interpretation of findings. It can also be
assessed through supervisor mentorship and ultimately through the successful defence of the
thesis. Students are expected to gain basic knowledge of the fundamental role of uncertainty
and its ability to produce critical planning information in environmental management. Through
their assignments, students are expected to show their understanding of the different types of
uncertainty and their relative importance for scientists, stakeholders, and environmental policy
makers.

The demonstration of student performance consistent with the DLEs will be promoted through
specific course assignments and requirements that are graded and then, in relation to most
DLEs, culminate in the successful completion and oral defense of a master’s thesis. By
successfully completing the required coursework and their thesis, students will have achieved
the proposed M.Sc. program’s learning outcomes. GDPES has extensive experience in
monitoring program performance, and there is a rigorous plan to assess (document and
demonstrate) whether all the effort put into designing and delivering the program is consistent
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with the expected levels of success. The Graduate Chair, the Associate Graduate Chair, the full-
time administrator, and three faculty members (as part of their regular workload) will form a
Supervisory Program Committee. Indicators that will be used to evaluate the overall program
performance include student grades, awards data, and exit surveys. Quality in the delivery of
the graduate courses, assessment practices, and grade distribution will be closely monitored by
the Committee on an ongoing basis. Career success, degree of satisfaction, and other feedback
from students, faculty, teaching assistants, and GDPES community members will be obtained
and assessed.

Every effort will be made to maintain contact with graduates of the program through exit and
alumni surveys. Students and alumni will be asked to reflect on the program, including its
content, modes of delivery, and program learning outcomes. Other methods of assessment may
include tracking publications and placements in doctoral programs. These global methods of
assessment will provide a broader view of the program and student performance.

Efforts to improve the program, whether in content or delivery, in response to data/feedback
will be ongoing in order to better address contemporary issues that arise. These assessment
methods will collectively provide the evidence of success of the program. The Supervisory
Program Committee will be empowered to introduce curricular changes, whereby the
continuous structural/functional improvements of the program will be ensured, and the
program will be prepared to undergo formal cyclical reviews. GDPES has extensive experience
with exit and alumni (five-year post-completion) surveys, which have provided a broader view of
program and student performance and have inspired numerous curricular advancements in the
M.Env.Sc. and Ph.D. in Environmental Science.

10 Program Description & Calendar Copy

e Provide a description of the program (audiences: prospective and current students, staff,
and employers) that can be used for external and internal posting that includes the
following information:

» Program’s purpose (who is it for, what are the outcomes)
» Nature of learning environment (including mode of delivery)
» Approaches to teaching/learning/assessment
e Provide, as an appendix, a clear and full calendar copy including:
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» The program description; the program requirements including all required courses
and recommended electives and their prerequisites, including for any
fields/concentrations.

e Provide as an appendix:

» A full list of the all courses included in the program including course numbers, titles,
and descriptions.
= Please indicate clearly whether they are new/existing. (Please note that all new

courses should be proposed and approved independently in line with established
academic change procedures. Where possible, append full course proposals as an
appendix.)

Program Description

The purpose of the M.Sc. in Environmental Science is to train Bachelor of Science or Engineering
graduates in the design, execution, and dissemination of research that is focused on the
interfaces between traditional disciplines in dealing with fundamentally scientific, environment-
focused issues. This is a full-time, 16-month program with a unique May start date that will help
students to rigorously gather data towards the completion of a M.Sc. thesis. The M.Sc. in
Environmental Science will allow students to address major emerging research themes in the
environment and pursue projects that make use of complementary research concepts,
approaches, and tools. Faculty members are cross-appointed from several graduate units
including: Cell and Systems Biology, Chemical Engineering and Applied Chemistry, Chemistry,
Earth Sciences, Ecology and Evolutionary Biology, Geography and Planning, Forestry, and
Physics, which ensures the supervision of research projects across a broad range of expertise
and research facilities. This program will engage these strengths in order to foster research that
is critical for finding solutions to, or elucidating the root causes of, today’s critical environmental
challenges.

Please see Appendix A for a full list of the course numbers and titles, indicating clearly whether
they are new or existing.

Please see Appendix B for proposed SGS Calendar copy.

11 Consultation

e Describe the expected impact of what is being proposed on the nature and quality of
other programs delivered by the unit/division.
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e Describe the expected impact of what is being proposed on programs being offered by
other units/divisions.

e Describe any consultation with the Deans of Faculties/divisions that will be implicated or
affected by the creation of the proposed program as per UTQAP 2.4.2 “The Dean ensures
that appropriate consultation is conducted with faculty and students, other university
divisions, and external institutions.”

Consultation at UTSC

Within the DPES and GDPES, a “New Graduate Programs Committee” was established in early
2019 to facilitate department-level consultation and provide feedback on this proposal.
Additionally, updates have been provided to faculty and staff at regular faculty/staff meetings.
Feedback from these sources has been incorporated into this proposal.

Consultation with the Office of the Vice-Principal Academic and Dean at UTSC began in Fall 2018
and has been ongoing; feedback from the Vice-Dean Graduate and Postdoctoral Studies, and the
Academic Programs Officer, has been incorporated into the proposal.

The proposal was shared with the Department of Biological Sciences in June 2021, and no
guestions or concerns were raised.

Consultation Beyond UTSC

The primary or affiliate graduate departments of all faculty participating in the proposed M.Sc.
program may be affected, as some students might divert away from single disciplines to inter-
disciplinary ones. Minimal to no impact is anticipated for existing or proposed, environment-
related master’s level programs at the wider University because of the distinctiveness of these
programs from each other and from the proposed program. All the potentially interested parties
have been contacted by email and a number of these consultations have been followed up in
person.

Professor Carl Mitchell, as Associate Graduate Chair, first contacted leadership in other
departments with particular environmental graduate program foci in November 2017 to
introduce the idea that GDPES was beginning to put together a formal proposal. This included
the School of the Environment (Prof. Kimberly Strong), UTM (Prof. Shashi Kant) and the Faculty
of Forestry (Profs. Sally Krigstin and John Caspersen). Responses were unanimously positive and
supportive.
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In September 2019, Prof. Mitchell (Department of Physical and Environmental and Sciences,
UTSC), Prof. Steve Easterbrook (School of Environment, Faculty of Arts and Science), and Prof.
Shashi Kant (M.Sc.S.M. program, University of Toronto Mississauga) met in person to discuss the
space within which all four current or proposed master’s programs fit within U of T's
environment-related scholarly mission. The results of this meeting and subsequent discussion
resulted in the map provided in Table 1, above, and also helped to form part of the School of the
Environment’s master’s program proposal.

Later in the fall of 2019, Prof. Mitchell followed up with these same programs again to
specifically ensure that the descriptions of their programs in this proposal are correct. Profs.
Krigstin and Caspersen approved the descriptions. Prof. Kant responded in early October 2019
with a slightly modified M.Sc.S.M. program description and it has been incorporated in this
document. Profs. Easterbrook, Strong, and John Robinson all provided some comments from the
School of the Environment, which also have been incorporated into this document. The
overarching response is that there is room for these programs to co-exist at the University and it
will not be difficult for students to distinguish why they might select one program over another.

In June, 2021, UTSC shared the proposal with the Office of the Dean of the following divisions,
with a request to share it widely with any potentially interested academic units:
e The University of Toronto Mississauga: no questions or concerns were relayed.
e The John H. Daniels Faculty of Architecture, Landscape and Design: no questions or
concerns were relayed.
e The Faculty of Arts and Science:
o The Department of Physics noted concerns about financial support for students
given the program is 16 months, but funding is guaranteed for 12 months. This is
a fair comment, but we would note that this program is in line with FAS offerings
which offer at most 12 months of funding at the master’s level. So while we
agree funding for the full length of the program would be ideal, guaranteed
funding for 12 months is within the norms for U of T.
o The Department of Geography and Planning provided detailed feedback on the

proposal. On October 1, 2021 a meeting was held between Dean Gough and Vice-
Dean Silcox from UTSC, with Acting Vice-Dean Gillian Hamilton from the Faculty
of Arts and Science, and Graduate Chair of the Tri-campus Graduate Program in
Geography and Planning, Ronald Buliung. The conversation was extremely
constructive, and focused on opportunities for Geography and Planning students
and faculty with respect to the planned M.Sc. program. In particular, UTSC
affirmed that Geography and Planning students would continue to be welcomed
into Environmental Science courses, and that tri-campus graduate faculty in
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Geography and Planning would enjoy opportunities to engage in primary
supervision of students in the M.Sc. in Environmental Science. The outcome of
the conversation was a sense of optimism for a continuing constructive
relationship between Geography and Planning and GDPES. The content of this
description of the meeting was shared with Acting Vice Dean Hamilton and G&P
Graduate Chair Buliung prior to being included in this proposal; they agree that it
accurately represents the conversation that has taken place.
The Faculty of Applied Science and Engineering: no questions or concerns were relayed.
On September 23, 2021, the proposal was reviewed at Tri-Campus Deans. They were
pleased with the proposal, and noted in particular the robust consultation with other
Environmental Science programs. There was one question from the Committee about
the entrance requirement for an undergraduate research experience, and whether it
might bias the applicant pool. We acknowledge that it may be a limitation for some
students, but there are a lot of ways that it can be fulfilled, and most students who want
to go to graduate school will have had some kind of experience that would qualify. Itis
also important to note that we are very cognizant of the need to ensure that students
are set up for success, in light of the fact that they will start the program with a research-
focussed first semester.

12 Resources

12.1 Faculty

e Complete Table 4 below

e Brief commentary to provide:

>

Evidence of the participation of a sufficient number and quality of faculty who will
actively participate in the delivery of (teach and/or supervise) the program
Evidence of and planning for adequate numbers and quality of faculty and staff to
achieve the goals of the program

That faculty have the recent research or professional/clinical expertise needed to
sustain the program, promote innovation and foster an appropriate intellectual
climate

Evidence of how supervisory loads will be distributed, and the qualifications and
appointment status of faculty who will provide instruction and supervision
Planned/anticipated class sizes (connect this to delivery method, Section 8 and
assessment methods, Section 9)

If relevant, plans and commitment to provide additional faculty resources to support
the program.
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» The role of any adjunct or contractual (e.g., stipendiary) faculty.

e Provide the CVs of all faculty who appear in Table 3, as evidence substantiating the
above. The appendix should form a separate document with a table of contents and all
CVs in alphabetical order. CVs should be submitted in a consistent format.

No new faculty are required to support the proposed M.Sc. in Environmental Science. Over 50
faculty across U of T's three campuses will actively participate in the delivery of the program, be
it through teaching, direct supervision of thesis projects, or as members of the student’s
supervisory and defence committee. All faculty that are currently active in, or eligible for,
supervising students in the Ph.D. in Environmental Science will be immediately available to
participate as primary supervisors and committee members for students in the proposed M.Sc.
program.

The core faculty, with appointments primarily in the Department of Physical and Environmental
Sciences, produce well over 150 peer-reviewed publications annually, receive research funding
that in the past five years has consistently exceeded $2M annually, and maintain a research
infrastructure that is world-class. Faculty research is funded from tri-council grants, from U of T
internal granting schemes, and through research contracts. Faculty members hold tri-council
grants from the Natural Sciences and Engineering Research Council of Canada (NSERC),
Canadian Institutes of Health Research (CIHR) or Social Sciences and Humanities Research
Council (SSHRC) and have research contracts to support their research enterprise. Many of the
journal publications from GDPES faculty and their graduate students appear in the best journals
in the physical and environmental sciences, including prestigious journals such as Science,
Nature Chemistry, Nature Geoscience, Nature Communications, and the Proceedings of the
National Academy of Sciences.

Admission of students will be based on their fit with the research expertise of faculty who are
interested in supervising M.Sc. students in any given year. Supervisory loads will be distributed
through annual polling of graduate faculty in mid-Autumn of each year, in which faculty will be
asked for a short project description and desire to take on a M.Sc. student in the next
admissions cycle. As previously explained, student admissions will be connected to supervisor
projects early in the admissions process. All tenure-stream faculty with full graduate
memberships will be eligible to supervise students in the proposed M.Sc. and all associate
graduate faculty members will be eligible to co-supervise students.

Teaching-stream faculty whose scholarship is in the area of environmental science are expected
to play a major role with the delivery of the program. One teaching-stream faculty member,
who is directly appointed to GDPES, will be responsible for the delivery of several climate
science courses and is available as a thesis committee member. Three additional teaching-
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stream faculty in Environmental Science are associate members of the GDPES and could serve as
thesis committee members or teach future course offerings.

In addition to its large cohort of appointed faculty, the Graduate Department of Physical and
Environmental Sciences has an active group of adjunct faculty that complement the existing
expertise and strengthen programs in important areas such as atmospheric chemistry, invasive
species/aquatic ecology, and climate change. Most adjunct faculty are outstanding government
scientists who collaborate extensively with GDPES faculty and graduate students. As such, they
serve as an important link between the Department’s research output and its relevance to
provincial, national, and international environmental policy. Adjunct faculty regularly deliver
graduate courses, and participate in guest lecturing and the co-supervision of graduate
students. The Graduate Department of Physical and Environmental Sciences generally reviews
adjunct faculty appointments on a three- to five-year schedule and adds faculty based on
current needs to round out research expertise in graduate student supervision and/or thesis
defense committees.

Class sizes in the two mandatory core courses will be capped at annual student program
enrolment levels (i.e., no more than 15 students). Students will select program science electives
from those already offered within GDPES or from other cognate departments on the other two
campuses. There are already a large number of graduate course offerings and therefore room to
accommodate a few more students in each of these courses.

The Graduate Department of Physical and Environmental Sciences already administers two
highly successful graduate programs in Environmental Science. 919 students have graduated
from the M.Env.Sc. since the inception of the program in 2006 and 36 students have graduated
from the Ph.D. in Environmental Science since its inception in 2010. Faculty support for the
proposed program is very strong, and the program plan was strongly endorsed by the review
team for the most recent UTQAP external review held in 2015-16.

Please see the CV Compendium for the CVs of all faculty who appear in Table 4.
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Table 4: Faculty Complement (please list alphabetically)

Name

Unit of Primary
Budgetary
Appointment and
Percentage

Unit of Other
Budgetary
Appointment and
Percentage (if
applicable)

Graduate Faculty

Membership Status

(e.g., Associate/
Full privileges)

Commitment to
Other Academic
Units including
GDPES.
Abbreviations (P)
and (S) Denot