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Abstract. A single disciplinary approach fails to tackle problems threatening the sustainable development. Thus, the sustainability 
science – focused on the problem, normative, and covering many disciplines – has been developed and recognized as critical in 
creating solutions that could actually trigger a global change. As an example, environmental issues are no longer the problem to be 
solved within the ecological domain but the primary and complex sources of the problem must be analysed from the social, economic 
and technical perspectives as well, using methodological tools allowing for a variety of disciplines. This study provides a systematic 
review of publications related to sustainability and ecology, and briefly explains the role of environmental knowledge in the sustaina-
bility education. The study has shown that despite a common scepticism about combining qualitative and quantitative approaches the 
employment of miscellaneous disciplines has become a common approach and ecology in the context of sustainability goes beyond 
the ecological research. It appears from the reviewed curriculum of the sustainability science graduate programme at the University 
of Tokyo that environmental knowledge is well established, but is generally driven by transdisciplinary courses. It was included in 
the half of credits from compulsory courses, whereas elective courses are those which are open to other disciplines.
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1. Introduction

1.1. Sustainability Science – origin of a new discipline

Presently, human activities are reaching the limit of 
ecosystem capacity and persistent development challenges 
are continuously emerging (Griggs et al., 2013; Rockström 
et al., 2009). The climate change, environmental degrada-
tion, natural disasters, increasing poverty and human se-
curity, and rapid urbanization are so called super-wicked 
problems (Jerneck et al., 2011). These problems have com-
plex structures and single solutions cannot solve the status 
quo (Lazarus, 2009; Levin et al., 2012; Rittel & Webber, 
1973). As a response for such problems, sustainability sci-
ence has emerged as a vibrant academic discipline (Wiek 
et al., 2011). 

Sustainability itself is a  capability of maintaining at 
certain desirable state (Kajikawa, 2008). The complexi-
ty of those super-wicked problems is beyond the scope 
of mono-disciplinary science, and creating possible solu-
tions requires the integration of social and natural sciences 
(Clark & Dickson, 2003). In order to actualize such com-
prehensive approach to sustainability challenges, sustaina-
bility science is “defined more by the problems it addresses 
rather than the disciplines it employs” (Clark, 2007).

Seminal works in sustainability science literature men-
tions that the central focus of the discipline is to elucidate 
the complex, dynamic interactions between nature and so-
ciety that we highlighted as the solution generating ap-
proach (Clark & Dickson, 2003; Kates, 2011; Kates et al., 
2001; Ostrom et al., 2007). The importance of these inter-
actions was already emphasized in 1972, during the United 
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Nations Conference on the Human Environment (UNEP, 
1972), providing a ground for the sustainable development 
concept institutionalization at World Commission on Envi-
ronment and Development in 1987 (UN, 1987). Reflecting 
the significance of the sustainable development concept, 
some scholars stress the knowledge contribution of sus-
tainability science for achieving the goal (Martens, 2006; 
Parris & Kates, 2003). The sustainability science examines 
also the inter-scale interactions among Global, National, 
and Social systems (Komiyama & Takeuchi, 2006).

1.2. Sustainability Science research – trans-
disciplinary problem driven science

Despite its relatively young history, sustainability sci-
ence has attracted wide range of publications and it has 
formed a  distinctive academic landscape (Bettencourt & 
Kaur, 2011; Kajikawa et al., 2007; Kajikawa et al., 2014; 
Kates, 2011; Yarime et al., 2009). To date, it can be said 
that the core structure of sustainability science has been 
formed and its key features such as problem-driven and 
solution-oriented approach, transdisciplinary stand, and 
normative discourse have been identified (Brandt et al., 
2013; Clark, 2007; Jerneck et al., 2011; Kajikawa, 2008; 
Lang et al., 2012; Spangenberg, 2011; Tainter, 2010; Wiek 
et al., 2011).

While problem-driven and solution-oriented approach 
will remain as one of the key features of sustainability sci-
ence (Miller et al., 2014), especially given the fact that 
solutions need to be provided through parallel efforts on 
analyzing or identifying the problems (Komiyama & Take-
uchi, 2006), one remaining challenge for the discipline is 
to go beyond this problem-based and solution-oriented per-
spective. This is because what we identify as sustainability 
challenges are likely to change over time as sustainability 
is a  normative concept. What we consider to be key el-
ements differs depending on at which unit and contexts 
we articulate the sustainability concept. Subsequently, con-
stant review of proposed solutions is necessary as sustain-
able society may also change. Challenges of sustainability 
are also revised based on progress in solving them, e.g., the 
United Nations make an effort in identifying problems and 
goals of sustainability, setting first Millennium Develop-
ment Goals (MDGs), during Millennium Summit in 2000, 
set for 15 years. These goals were succeeded in 2015 by 
the 17 Sustainable Development Goals that supposed to be 
achieved by 2030, set by United Nations General Assem-
bly (Costanza et al., 2016).

The research on the sustainability science involves all 
disciplines such as agriculture, economics, engineering, 
fishery, forestry, sociology, water resource, and climate 
sciences. There are three levels of integration of these 
disciplines into research, namely multidisciplinary, inter-
disciplinary, and transdisciplinary (Kajikawa, 2008). The 

transdisciplinary approach can only create the knowledge 
body for sustainability science and the two others can as-
sist in shaping the structure of sustainability science. The 
interdisciplinary and multidisciplinary are working indi-
vidually under each discipline or jointly but not rigorously 
in each one, unlike the transdisciplinary approach creating 
unique knowledge that still remain related to all conven-
tional fields (Kajikawa, 2008). Traditional disciplines with-
in ecological, economical, and social domains are being re-
placed by an approach that contains number of disciplines 
working together. 

1.3. Sustainability Science Education

Along with the research development in sustainability 
science, it is critical for the field to establish its educa-
tional component, especially in higher education. The ear-
lier literature argues that there has been a  high demand 
on integrating the sustainable development concept into 
higher education in order to train individuals with higher 
awareness of sustainability, and who hold key competen-
cies for problem analysis as well as solving, together with 
leadership skills to guide social transformations towards 
sustainable society (Brundiers & Wiek, 2011; Calder & 
Clugston, 2003; Cortese, 2003; Wiek et al., 2011). Despite 
the fact that the integration of environmental sustainability 
in higher education has been recognized as very important 
in several national and international declarations since the 
Stockholm Declaration in 1972, its actual implementation 
has remained as a  challenge for universities because of 
the compartmentalization, over-specification, and reduc-
tionistic orientations of universities. In the reality, the sus-
tainable development concept is only partially adapted in 
specific department (Lozano, 2010). Today, these courses 
on sustainability are offered as a part of larger curriculum 
or educational program such as Environmental Studies, Ur-
ban Engineering, and Development Studies. 

Sustainability science in practice requires additional 
special set of competencies in order to enable the change 
in the system into sustainable state. System thinking, an-
ticipatory, normative, strategic and interpersonal compe-
tences were suggested by Wiek et al. (2011). Additionally, 
co-design and co-creation of knowledge with stakeholders 
is also suggested as an important dimension of sustaina-
bility science, however reflecting such unique feature of 
sustainability science in an educational program is chal-
lenging. Achieving by a prospective researcher a mindset 
for “transdisciplinary-ready” in actual research projects is 
of the best results that sustainability science education can 
provide (Spangenberg, 2011). 
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1.4. The study problem and the objective

The current research in sustainability science is problem 
driven and oriented towards more transdisciplinary ap-
proach. To evaluate the progress of such multi- or trans-
disciplinary approach is necessary to identify how different 
domains are treated by research. As a primary example, in 
the sustainability science research the ecological domain 
that initially concerned the environmental degradation is-
sues supposed to be integrated with other disciplines to 
tackle the phenomenon with its plural causes. Simultane-
ously, education in the sustainability science field should 
be preparing young generation of practitioners and acade-
micians to be ready to undertake research involving mul-
tiple disciplines, including disciplines from the ecological 
domain.

In light of the points mentioned above regarding re-
quirements for sustainability science, the objective of the 
paper to explain the current position of ecological domain 
in the sustainability science research and education, as well 
as current trends and challenges in the current research 
state. The study will try to identify to what extend the eco-
logical domain is retained and stressed in the sustainability 
science research and education, and subsequently to what 
extend such research and education becomes a transdisci-
plinary one.

2. Materials and methods

2.1. Systematic review of journal paper

To determine the presence of the sustainability in ecologi-
cal research, the systematic review of research papers was 
conducted through ScienceDirect (http://www.sciencedi-
rect.com/) academic paper search engine. Two key-words 
in the title and abstract: sustainability and sustainable (sus-
tainab*), and ecology and ecosystem (ecolog* or ecosys-
tem) as queries were set, for journal papers in the field 
of Agricultural and Biological Sciences. It gave 4,941 
papers matching above criteria (excluding year 2017, as 
of November 18, 2016)1. The search results were sorted 
by relevance and a 10% cent sample was drawn from pa-
pers published in 2016 (631 search results for 2016). The 
first 63 of the most relevant papers were selected and re-
viewed through the lens of selected sustainability science 
research-related variables (Table 1).

2.2. Review of curriculum

The curriculum one of the pioneering program for sus-
tainability science, the Graduate Program in Sustainability 
Science, The University of Tokyo, has been reviewed based 
on published online information (http://www.sustainabili-
ty.k.u-tokyo.ac.jp/, accessed on December 10): Graduate 

1	 Search results: 4,991 results found for TITLE-ABSTR- 
-KEY(ecolog* or ecosystem) and TITLE-ABSTR-KEY(sus-
tainab*)[All Sources(Agricultural and Biological Sciences)]

Table 1.	 Variables used and their definitions

Variable Definition

Problem driven Research immediate response to an urging problem

Sustainability goal oriented The research address SDGs in any degree

SDGs Sustainable Development Goals addressed in the paper

Scale The scale of the research from local, regional , national, global to multi-scale 

Time The time concerned by the research – past, present, future, and multiple time

Domains Research in its problem and concepts covers social, ecological, economic, and technology 
domain

Methodology type Methodology applied is qualitative; quantitative; or mix-method

Disciplinarity Research is mono or more than one discipline in applied methodology

Disciplines Named disciplines used in the methodology

Results The results are base line (current state); predictive (models); covering current state and predict 
possible future scenarios, or a framework
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Figure 1. Number of publications concerning ecology and sustainability

Figure 2. Share of the topics covered in reviewed papers
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Program in Sustainability Science – Global Leadership 
Initiative Course List, Academic Year 2016-2017 for mas-
ter and doctoral program. The curriculum was reviewed 
to ecological domain elements present in the course main 
theme. 

3. Results

3.1. Journal papers characteristic

The results shows that papers containing ecology and 
sustainability issues have been on exponential increase, 
especially since late 1990s (Fig. 1). The ten most popular 
journals publishing papers related to ecology and sustain-
ability, in the field of agricultural and biological scienc-
es, are presented in the Table 2. In the same time, each 
of these journals are all journals which published above 
100 of such papers. The research papers published with 
the searched keywords were related to number of topics. 
The most frequently covered topics were soil, forest, eco-
system and ecosystem services. The other sixteen topics 
are represented by 6 and below per cent of total number 
of topics (Fig. 2).

3.2. The characteristic of the research containing  
the ecological aspects

The overarching characteristics of reviewed 10 per cent 
sample papers published in 2016 are presented in the Ta-
ble 3. The research were strongly driven by problem in 
33%, but majority of papers were concerning SDGs, three 
domains, and using methodology based on three and more 
disciplines. Majority of papers applied either the qualita-
tive or quantitative methodology. Only small share of pa-
pers had predictive outcome or crossing time and scales. 
Main sustainability science characteristics of reviewed 
papers are presented in Table 3. The most frequently ad-
dressed SDGs in the papers were concerning SDG 15, the 
life of land that refers to various aspects of terrestrial eco-

Table 2.	 The ten academic journals which published identified 
papers 

No. Publication title Number of 
publications

1 Ecological Economics 580

2 Forest Ecology and Management 398

3 Agriculture, Ecosystems & Environment 306

4 Ecological Indicators 296

5 Ecological Modelling 239

6 Landscape and Urban Planning 237

7 Marine Policy 212

8 Ecological Engineering 197

9 Land se Policy 157

10 Biological Conservation 143

Table 3.	 Major sustainability science research characteristics in reviewed papers

Problem Domains concerned Disciplinarily Outcome Multi-scalar
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33% 87% 10% 68% 43% 11% 14% 16% 3% 14%

systems ecology. Two other top goals that papers referred 
to were SDG 14 concerning life below water, and SDG 2 
referring to hunger reduction and sustainable agriculture 
with special emphasis on the latter component (Table 4). 
Concerned domains were ecological in 100%, expectedly 
as it was set as one of the criterion of the search, social 
in 75%, economic in 71%, and technology in 13%. Sub-
sequently, the most frequently used methodology in the 
research were from fields of earth sciences, agriculture, 
biology, sociology, engineering, economics (Fig. 3). In 
the methodology used, the most dominant connection be-
tween disciplines were earth sciences and engineering (11 
connections out of total 71 recorded).then between earth 
sciences and biology (9), physics and chemistry (6), engi-
neering and biology (5), economics and biology (4), and 
between agriculture and modelling (4). Other disciplines 
were found to be connected not more than 3 times (Fig. 4).
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3.2. Review of Sustainability Science 
Curriculum

The curriculum of the Graduate Program in Sustainability 
Science (GPSS) delivers subjects that are at the graduate 
level, excluding courses delivering basic knowledge from 
any disciplines. Courses are classified into basic compul-
sory courses on sustainability science, compulsory elective 
lecture courses, advanced compulsory courses on sustain-
ability science, elective courses, exercises, global leader-
ship exercise. Additionally master and doctoral research 
are counted as thesis-related courses (for 8 and 12 credits 
respectively); and two credits (one or two courses) can be 
taken from courses given by other departments. 

4. Discussion and conclusion

The number of papers covering ecological and sustain-
ability keywords has been on exponential increase over 
past few decades. The first paper with key “sustainable” 
and “ecology”-related keywords was already published in 
early 1970s, concerning environmental impacts of a high-
way construction on flora and fauna in the Amazon basin 
(Goodland & Irwin, 1974). The paper was published after 
the United Nations Conference on the Human Environ-
ment but yet a  decade before the concept of sustainable 
development was declared at the World Commission on 

Table 4.	 Ranking of the most frequent SDG concerned in re-
viewed papers

Sustainable Development Goal Frequency 

15 – Protect, restore and promote sustainable 
use of terrestrial ecosystems, sustainably 
manage forests, combat desertification, and 
halt and reverse land degradation and halt 
biodiversity loss

32%

14 – Conserve and sustainably use the oceans, 
seas and marine resources for sustainable 
development

17%

2 – End hunger, achieve food security and 
improved nutrition and promote sustainable 
agriculture

16%

11 – Make cities and human settlements 
inclusive, safe, resilient and sustainable

10%

12 – Ensure sustainable consumption and 
production patterns

10%

13 – Take urgent action to combat climate 
change and its impacts

7%

6 – Ensure availability and sustainable 
management of water and sanitation for all

4%

9 – Build resilient infrastructure, promote 
inclusive and sustainable industrialization and 
foster innovation

3%

Note. The thickness of notes and the score represent the number of con-
nections. The network was generated with Cytoscape 3.4.0. software 
(U.S. National Institute of General Medical Sciences)

Figure 3. Disciplines used in the methodology of reviewed papers
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Environment and Development. The sustainability theme 
in the research has been sharply increasing in the research 
since acknowledgement of sustainable development goal 
by the international community. Number of papers in-
cluding both, ecology- and sustainability-derived words 
reached circa one hundred in 2000, with six fold published 
in 2016 (Fig. 1). Most concerned keywords were related 
to soil, forest, ecosystem and ecosystem services (Fig. 2). 
These keywords suggest that soil erosion, deforestation 
and ecosystem services degradation have been the most 
urging problems of sustainability with the ecological do-
main concerned. The leading journal that was publishing 
papers found for this review was the Ecological Econom-
ics, a  journal which is integrating ecology and economy 
in order to integrate environmental and economic policies 
for their mutual benefit (http://www.journals.elsevier.com/
ecological-economics/). This journal is open for a free 
methodology set, promoting transdisciplinary study which 
is corresponding with the concept of sustainability science.

The most up-to-date papers demonstrated development 
of sustainability science as a discipline already. They re-
flect on multidisciplinarity in the set of used methods for 
crafting the research, based on three and more disciplines. 
Sciences such as earth sciences and biology tend to inte-
grate with each other and with engineering (such various 
IT technologies, Geographic Information System and mod-
els). Thus ecology and sustainability related research is no 

Figure 4.	 Disciplinarily network

Figure 5. Course type and allocated number credits
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longer designed only from one discipline side. However, 
methodology remains quantitative or qualitative. The ma-
jority of papers were concerning at least three domains, us-
ing various set of methodologies but either the qualitative 
or quantitative set, and not necessarily as the response for 
critical sustainability problems that need immediate action. 
Most frequently addressed by papers goal were classified 
as SDG 15 (32 per cent) which refers to protecting terres-
trial ecosystems, including maintaining biodiversity, halt-
ing deforestation and other ecological degradation on land. 
Two other most frequently addressed goals were SDG 14 
on sustainable use and protection of marine resources (17 
per cent) and SGD2 on sustainable agriculture and food 
supply (16 per cent). Small share of papers delivered pre-
dictive outcome or covered multiple time and scales. How-
ever, reviewed papers which were proposing frameworks 
recommended transdisciplinary sustainability frameworks 
as the outcome with use of combination of qualitative and 
quantitative (e.g. climate change strategies for fishery in 
Busch et al., 2016). 

The education in the field of sustainability science 
prepares young scientists and practitioners into employing 
sustainability science. The curriculum of Graduate Pro-
gram in Sustainability Science at the University of Tokyo 
is focused on courses developing skills for responding to 
sustainability problems based to more than one discipline. 
Ecology and environment related course are still one of 
the main themes in the basic and compulsory elective lec-
tures, accounting respectively for 2 and 4 credits, same 
number as other courses. In the exercises, the environment 
related courses accounts for 8 credits, whereas 16 can be 
awarded by other courses. For other elective courses the 
environment related subjects are already minority on the 
course list. As comparison, the study of 27 master’s degree 
programs worldwide2 conducted by O’Byrneet al. (2015) 
demonstrated that the curriculum of graduate level of pro-
grams shift towards more transdisciplinary and applied as-
pects of various sciences, in which environment related 
courses cover more selectively sustainability-related prob-
lem areas such as water, climate or energy under applied 
sustainability courses.

Research concerning ecology and sustainability science 
encompasses multiple disciplines, broadly concerning is-
sues of terrestrial ecosystem, marine resources and agri-
culture. However, these issues are no longer the problem 
of one ecological domain but they involve other domains, 
especially social and economic, employing different dis-
ciplines of science but either their qualitative or quantita-
tive aspects. The interests of the researches in relating the 
research to sustainability has been growing, accelerating 

2	 Study included Graduate Program in Sustainability Science at 
the University of Tokyo.

publishing numbers since late 1990s. Reviewed graduate 
level program in sustainability science located at the Uni-
versity of Tokyo demonstrates the environment-related 
knowledge is still one of the core subject embedded into 
transdisciplinary courses. 

Limitations

The limitation of the study is using the ScienceDirect 
search engine which is limiting the search to journals from 
Elsevier publisher. However, as a  sampling method tool 
this search engine was advantage for this study providing 
coherent source of scientific papers.
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