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Abstract Agroecology is a promising alternative to industrial
agriculture, with the potential to avoid the negative social
and ecological consequences of input-intensive production.
Transitioning to agroecological production is, however, a com-
plex project that requires diverse contributions from the outside
of scientific institutions. Agroecologists therefore collaborate
with traditional producers and agroecological movements.
Permaculture is one such agroecological movement, with a broad
international distribution and a unique approach to system de-
sign. Despite a high public profile, permaculture has remained
relatively isolated from scientific research. Though the potential
contribution of permaculture to agroecological transition is great,
it is limited by this isolation from science, as well as from
oversimplifying claims, and the lack of a clear definition. Here,
we review scientific and popular permaculture literature. A sys-
tematic review discusses quantitative bibliometric data, including
keyword analysis. A qualitative review identifies and assesses
major themes, proposals, and claims. The manuscript follows a
stratified definition of permaculture as design system, best prac-
tice framework, worldview, and movement. The major points of
our analysis are as follows: (1) Principles and topics largely
complement and even extend principles and topics found in the
agroecological literature. (2) Distinctive approaches to perennial
polyculture, water management, and the importance of
agroecosystem configuration exceed what is documented in the
scientific literature and thus suggest promising avenues of inqui-
ry. (3) Discussions of practice consistently underplay the com-
plexity, challenges, and risks that producers face in developing
diversified and integrated production systems. (4) The movement
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is mobilizing diverse forms of social support for sustainability, in
geographically diverse locations. (5) And scholarship in perma-
culture has always been a diverse marginal sector, but is growing.
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1 Introduction

Increasing concerns about the negative impacts of industrial
agriculture have generated a vigorous debate over the feasi-
bility of transition to alternative forms of agriculture, capable
of providing a broad suite of ecosystem services while
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producing yields for human use. The transition to diversified,
ecologically benign, smaller scale production systems is
addressed in the literature of agroecology (De Schutter
2010), diversified farming systems (Kremen et al. 2012),
and multifunctional agriculture (Wilson 2008).
Agroecological transition must be regarded as a complex,
multi-sector project, operating at multiple temporal and spatial
scales and involving diverse constituencies (Geels and Kemp
2007; Marques 2010; Piraux et al. 2010). For this reason,
researchers have often directed their attention outside of insti-
tutional science to document the contributions that traditional
and innovative practices offer to the process of transition
(Altieri 2004; Ingram 2007; Rocha 2005; Koohafkan et al.
2012; Rosset et al. 2011). Alternative agroecology move-
ments, for example, have been critical in the process of re-
gional agroecological transition (Nelson et al. 2009; Altieri
and Toledo 2011) and likely will be in the future (Fernandez
et al. 2012; Petersen et al. 2012).

This paper addresses the alternative agroecology move-
ment called permaculture and its potential contributions to
agroecological transition. Permaculture is an international
movement and ecological design system (Fig. 1). Despite
permaculture's international extent and relatively high public
profile, it has received very little discussion in the scientific
literature. The term originated as a portmanteau of permanent
agriculture and is defined by co-originator David Holmgren as
“Consciously designed landscapes which mimic the patterns
and relationships found in nature, while yielding an abun-
dance of food, fibre and energy for provision of local needs”
(2004, p. xix). As a broadly distributed movement with a
distinctive conceptual framework for agroecosystem design,
permaculture's relevance to the project of agroecological tran-
sition has several aspects. Permaculture can function as a
framework for integrating knowledge and practice across
disciplines to support collaboration with mixed groups of

researchers, stakeholders, and land users. Permaculture con-
tributes to an applied form of ecological literacy (Orr 1992),
supplying a popular and accessible synthesis of complex
socioecological concepts. The design orientation of permacul-
ture offers a distinctive perspective that suggests avenues of
inquiry in agroecosystem research. Lastly, these factors are
embodied in an international movement that operates largely
outside of the influence and support of large institutions,
which suggests opportunities for participatory action research
and the mobilization of popular inquiry and support (Méndez
et al. 2013).

The potential of permaculture to contribute broadly to agro-
ecological transition is limited by several factors. Of primary
importance is the general isolation of permaculture from sci-
ence, both in terms of a lack of scholarly research about perma-
culture and neglect within the permaculture literature of con-
temporary scientific perspectives. This deficit is compounded
by overreaching and oversimplifying claims made by move-
ment adherents and the absence of any systematic multisite
assessment of permaculture's impacts. Additionally, the difficul-
ty of providing a clear and distinguishing description of perma-
culture can cause confusion and hinder rigorous and systematic
discussion.

The objective of this paper is to contribute to a better
understanding of the substance, strengths, and limitations of
permaculture as a potential contributor to agroecological tran-
sition. Introductory material includes a brief overview of the
origins and development of permaculture, the growth of the
movement over time, and a preliminary heuristic for compar-
ing the prominence and overlap of permaculture and agro-
ecology across several sectors. The introduction is followed
by a systematic review of scientific and popular permaculture
literature, analyzing publication type, date, and location, topic
location, scholarly discipline, and citations. Systematic anal-
ysis also includes quantitative content analysis using a concept

Fig. 1 Examples of production and education in the permaculture movement. a Small farm with intercropped annuals and perennials, worked partially
with hand labor. b Workshop on the design and maintenance of perennial polycultures
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network approach. Qualitative review of the permaculture
framework then identifies and evaluates prominent themes in
the permaculture literature, focusing on agroecological topics.
Finally, qualitative and quantitative analyses are synthesized
to produce an overall evaluation of permaculture, including
recommendations for future directions for research and dialog.

2 Background
2.1 Shifting definitions

The definition of permaculture varies among sources and
displays an expansion in subject area over time. In 1978,
permaculture was defined in the founding text as “an integrat-
ed, evolving system of perennial or self-perpetuating plant and
animal species useful to man ... in essence, a complete agri-
cultural ecosystem, modeled on existing but simpler exam-
ples” (Mollison and Holmgren 1978, p. 1). By 1988, the
definition had grown in scope to encompass broader issues
of human settlement while maintaining a core agricultural
focus: “Permaculture ... is the conscious design and mainte-
nance of agriculturally productive ecosystems which have the
diversity, stability, and resilience of natural ecosystems. It is
the harmonious integration of landscape and people providing
their food, energy, shelter, and other material and non-material
needs in a sustainable way” (Mollison). While permaculture
addresses multiple aspects of human settlement, this paper
will focus primarily on those aspects of permaculture relevant
to agriculture and agroecological transition.

2.2 Historical context

Permaculture emerged in parallel with other movements and
disciplines with a focus on sustainability. In the past 50 years,
concerns over the negative social and environmental impacts of
urbanization, industrial agriculture, and resource extraction and
depletion have expanded dramatically (De Steiguer 2006;
Hawken 2007; McCormick 1991). Over this period, public
and scientific concern for environmental degradation has spread
from isolated voices, through environmental movements and
emerging scientific disciplines, and into mainstream science and
popular culture (FitzSimmons et al. 1991). Environmental
movement participants have produced diverse proposals for
alternative food production (Lockeretz 2007), international de-
velopment (Dahlberg 1979; Cole 1981), generating energy
(Clark 1975), and planning settlements (Alexander 1977). In
parallel, and often intersecting with, the proposals of environ-
mental and social movements, scientists, and development pro-
fessionals have proposed alternative frameworks for managing
natural resources and fostering economic development.
Through the 1970s and 1980s, agroecology (Wezel and Soldat
2009), agroforestry (Nair 1993), ecological design (Todd 2005),

and appropriate technology (Pursell 1993) emerged as move-
ments and disciplines of their own. Other and older approaches,
such as organic farming, experienced rapid growth and wide-
spread acceptance (Lockeretz 2007). Many of these alternative
frameworks now approach the mainstream, through the incre-
mental accumulation of scientific evidence, institutionalization,
or as in the case of organic farming through certification and
large-scale commercialization.

Permaculture was founded in the 1970s by Bill Mollison and
David Holmgren and now has a presence on every inhabited
continent. Permaculture's founders shared broad environmental
concerns with the movements described above while focusing
specifically on the threat of energy scarcity for energy-intensive
agricultural systems (Mollison and Holmgren 1978). Mollison
and Holmgren drew on many sources in their development of
the permaculture framework, but were especially influenced by
the British and US literature of permanent agriculture and the
systems ecology/ecological engineering perspective of H.T.
Odum (Mollison and Holmgren 1978; Holmgren 2004).

2.3 Conceptual influences
2.3.1 Permanent as sustainable and perennial

The term permanent agriculture, from which the word perma-
culture is derived, has multiple uses. Permanent agriculture is
used to contrast sedentary, continuous agriculture with shifting
cultivation in discussions of the latter (q.v. Rasul and Thapa
2003; Geist and Lambin 2002). Examination of the British and
US literature on farming practices in the early 1900s suggests
that the word “permanent” was used in an analogous fashion to
the current use of the term sustainable (King 1911; Howard
1940). With the publication of Russell Smith's foundational
agroforestry text Tree Crops: A Permanent Agriculture, per-
manent came to connote agricultural systems incorporating a
high proportion of perennial species (Smith 1929). It is this
concept for which permaculture is named. Mollison and
Holmgren adopted Smith's emphasis on the importance of tree
crops for soil stabilization in hillside agriculture, production of
fodder, and production of complementary and staple foods for
human consumption (Mollison and Holmgren 1978). The port-
manteau of “permanent agriculture” was later redefined as
“permanent culture” as the scope of permaculture expanded
from the design of smallholder agriculture to encompass hu-
man settlement more broadly (Mollison 1988).

2.3.2 Systems ecology

Permaculture's emphasis on whole systems design is heavily
influenced by the work of ecologist H.T. Odum (Holmgren
1992). Odum developed the influential framework of systems
ecology, a thermodynamic perspective that regards ecosystems
as networks through which energy flows and is stored and
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transformed, which can be diagramed and modeled in a manner
analogous to electronic circuits (Odum 1994). Odum referred
to the applied form of systems ecology as ecological engineer-
ing, and this design perspective would shape fundamental
components of the permaculture perspective (Holmgren
2004). In the highly cited book Environment, Power, and
Society (1971), Odum proposes an approach to the design of
novel and productive ecosystems in which species are regarded
as distinctive but interchangeable system components which
should be selected from a global pool without regard to the
place of origin. In this view, the distinctive inputs and outputs
of each species will connect in novel assemblages, and the
exchanges of energy and resources between system compo-
nents will substitute for human labor and material inputs.
Ecosystem designers should therefore foster self-organization
through the iterative “seeding” of diverse species from the
global species pool, in order to generate and select ecosystems
which produce yields for human use with minimal labor input
(Odum 1971, p. 280). The influence of this focus on functional
relationships between components, the self-organization of
systems, and species selection practices is reflected throughout
the permaculture literature (Mollison and Holmgren 1978;
Mollison 1988; Holmgren 2004; Hemenway 2009).

2.3.3 Keyline planning

Holmgren and Mollison were also informed by the whole
landscape approach of the Australian Keyline design system
(Holmgren 2004). From the 1950s to the 1970s, farmer and
writer P.A. Yeomans developed a system that integrated novel
methods for landscape analysis with whole farm water manage-
ment, agroforestry, soil building strategies (using slightly-oft-
contour chisel plowing and rotational grazing), and the devel-
opment of new chisel plow designs for use in the system
(Yeomans 1954, 1958, 1971, 1981). Yeoman's Keyline system
has received very little attention in the scientific literature.
Keyline planning is nevertheless an innovative application of
design to agricultural landscapes and shaped the approach taken

Fig. 2 Proportional results from

X Web of Knowledge (561)
parallel search queries for

“agroecology” (crosshatch), Google Scholar (49,980)
combined “agroecology” +
“permaculture” (solid), and Google (7.468,000)
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. . Bing (4,568,000
multiple online data sources, 8
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by Holmgren and Mollison (Mulligan and Hill 2001, p. 202),
who adopted many of the concepts of the Keyline plan directly
into the developing permaculture framework (Mollison and
Holmgren 1978; Mollison 1979).

2.4 Permaculture and agroecology

In the past three decades, permaculture has grown in parallel
with agroecology, displaying overlapping concerns while de-
veloping different constituencies. Permaculture shares with the
discipline of agroecology a focus on the intersection of ecology
and agricultural production, a normative orientation toward
agroecological transition, and an association with popular
movements consisting largely of land users. Despite these
parallels, permaculture has received very little discussion in
the agroecological literature. When permaculture is mentioned,
it is frequently found as an item on a list of alternative agricul-
tural frameworks, the value of which is either explicitly in
question (Gomiero et al. 2011; Pretty 2006; Bavec et al.
2009; Pretty 2005), or positive but nonspecific (Leakey 2012;
Deb et al. 2008; Lovell et al. 2010). Permaculture is elsewhere
associated positively, albeit in passing, with agroforestry, pe-
rennial polycultures, agroecosystem design, ecosystem mimic-
ry, and agrobiodiversity (Francis and Porter 2011; Torre Ugarte
and Hellwinckel 2010). Substantive assessment of permacul-
ture as an approach to agriculture, positive and negative, ap-
pears to be absent from the peer-reviewed literature.

This absence is surprising in light of permaculture's interna-
tional public profile. Parallel queries of online databases for the
terms “permaculture” and “agroecology” can be used to illus-
trate patterns in the relative prominence and overlap of each
field across sectors. This fairly crude comparison is presented
here (Fig. 2) in a preliminary fashion to demonstrate that the
sparse representation of permaculture in the scientific literature
is incommensurate with a high level of general interest. The
proportions of results returned for each term varied widely
across data sources. The scientific databases Web of
Knowledge and Google Scholar returned 21 and 6 times as
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many results for agroecology as for permaculture, respectively,
while general purpose internet search engines Google and Bing
were skewed in the opposite direction, returning 11 and 7 times
as many results for permaculture as for agroecology, respective-
ly. Multipurpose literature databases for book sales were less
asymmetrical, with approximately equal results for each term in
Google Books and twice the results for permaculture in
Amazon. Document archives of international development or-
ganizations (US AID, Peace Corps, and FAO) were highly and
heterogeneously skewed, respectively, returning 3 times the
results for agroecology as for permaculture, 41 times the results
for permaculture, and 21 times the results for agroecology.

In addition to the parallels described above, permaculture
shares with agroecology a complex stratified definition. Recent
scholarship has clarified that agroecology simultaneously refers
to a scientific discipline, a social movement, and a set of
agricultural practices (Wezel et al. 2009). Similarly, some of
the confusion surrounding permaculture may be attributed to
the use of the term to refer to a design system, to an interna-
tional movement, to the worldview carried by and disseminated
by the movement, and to the set of associated practices.
Figure 3 is a conceptual map intended to clarify the relationship
among the different strata that make up permaculture, each of
which intersects with the project of agroecological transition.
This conceptual structure will be used to organize the exami-
nation and assessment of the permaculture literature.

3 Review methods

This study integrates multiple review methods to address the
challenges of assessing and synthesizing a large and diverse
literature, much of which is intended for a popular audience.
In the absence of any previous reviews, it is useful to address
quantitative questions of what has been published, in what
form, where, and about what geographic regions. Qualitative
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Fig. 3 Stratified definition of permaculture, illustrating the relationships
between four common referents of the term. Permaculture is (1) an
international and regional movement that disseminates and practices (2)
a design system and (3) a best practice framework. The design system and
best practice framework are contextualized by (4) the worldview that is
carried by the movement

review will then address questions of topic, theme, and as-
sessment in terms of current scientific understanding, in order
to evaluate the actual and potential contributions of permacul-
ture to agroecological transition.

3.1 Systematic review

A systematic review methodology used in numerous previous
studies was adapted for application to the body of permaculture
literature (Guitart et al. 2012; Wezel and Soldat 2009). The
permaculture literature differs from most subjects of systematic
review in the large number of publications intended for a popular
audience, the large number of book-length publications, the
small number of peer-reviewed works, and the absence of ex-
perimental design and statistical analysis from almost all works.

3.1.1 Search protocol

Parallel searches were conducted on Web of Knowledge
(WOK), Google Scholar, International Information System for
the Agricultural Sciences and Technology (AGRIS), and
Education Resource Information Centre (ERIC), using the
search term permaculture. In the case of Google Scholar, the
search was constrained to articles with the search term appearing
in the title field. While this criterion excluded many works that
substantively pertain to permaculture, it avoided including any
works for which the relationship with permaculture was ambig-
uous or trivial. Effort was made to eliminate self-published and
exclusively electronic works, unless they were listed as having
been cited within Google Scholar, in order to focus on publica-
tions for which there was some evidence of readership.
Academic theses and dissertations were exempted from this
consideration. For WOK, AGRIS, and ERIC, publications with
permaculture appearing in any field were included. References
for book reviews of works appearing elsewhere in the bibliog-
raphy were not included. The search protocol was concluded on
18 December 2012. Results included prepublication data on one
book chapter slated for publication in April 2013, and the
terminal year of the bibliography is therefore 2013.

While this study addresses English-language literature only,
a supplementary search protocol was used for the preliminary
identification of concentrations of permaculture literature in
other languages. Language localizations of Google Scholar
were queried in Spanish, Portuguese, German, French, Arabic,
Japanese, and Russian, and the number of search results was
recorded and compared to results for the English-language
search. No other data were collected for non-English literature.

3.1.2 Bibliometric analysis
The search protocol described above was used to assemble the

bibliography for analysis. After the elimination of duplicate and
spurious results, the bibliography contained 230 references.
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Table 1 Publication
types in permaculture
bibliography assembled
for analysis

Publication type

Each reference in the bibliography was identified as book,

Joumnal article
Thesis

Book

Periodical article
Proceedings
Chapter

Report
Miscellaneous
Booklet
Presentation
Meeting abstract

Undergrad, non-thesis

Occasional paper
Interview

Seed catalog
Total

Number journal article, graduate thesis, book chapter, conference pro-
50 ceeding, periodical article, or miscellaneous (Table 1). Journal
46 articles included peer-reviewed and non-peer-reviewed works.
41 Periodical articles included magazine, newspaper, and newslet-
28 ter articles. Scholarly and technical publications were identified
27 as a subset of total publications. Peer-reviewed publications
15 were identified as a subset of scholarly publications.

11 For scholarly works (including refereed and non-refereed
12 publications), the discipline of the journal (for articles), the
5 academic program (for theses and dissertations), or the confer-
> ence (for proceedings) was determined. When the institutional
1 discipline could not be determined, the discipline of the au-
| thor(s) or the apparent discipline of the publication topic was
| used. Disciplines were sorted into categories according to a
| three-tiered disciplinary taxonomy that synthesizes seven other
| major disciplinary taxonomies (bepress 2010). Citation statis-
230 tics were recorded for each reference. As the majority of the

references in the bibliography appeared solely in the Google

Fig.4 Distribution of publication
types in a 230-reference
bibliography of permaculture, in
S-year increments except for
2008-2013. a Distribution of
publication types within the
biography shows rapid growth in
articles and theses since 2008.

b Scholarly publications
represent a growing share of the
total bibliography over time, with
peer-reviewed publications
growing at a slower pace
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Scholar searches, citation statistics were derived exclusively
from Google Scholar queries. The bibliography was analyzed
for two geographic values: place of publication and place of
topic. Place of publication data was obtained for all references,
and a place of topic was identified in 135 references.

3.1.3 Concept network

Keywords for each reference were drawn from multiple fields
to accommodate the diversity of publication types represent-
ed. Title keywords were included for all publications, and
author keywords were included whenever present. Abstracts
were included for scholarly articles whenever available. Jacket
blurbs were included for books whenever available. Textual
analysis was carried out with word co-occurrence analysis (He
1999) using a concept network approach (Popping 2003) that
incorporates analysis of probabilistic word co-occurrence with
relative word position and represents relationships between
keywords as a network graph. This quantitative approach to
text analysis allows for the exploratory analysis of meaning,
context, and change over time, in large bodies of text, while
providing an alternative or complement to qualitative coding
(He 1999). Keyword text was analyzed in four time frames:
the three sequences of 1978-1992, 1993-2002, and 2003—
2013 and also as a complete sequence of 1978-2013. The text
of each sequence was submitted individually to the web-based
analytical engine Textexture (http://textexture.com/).
Textexture performs several pre-analysis processes, including
the removal of common and semantically trivial words (in-
cluding articles, conjunctions, modifiers, etc.) and stemming
words using the Krovetz Stemmer algorithm to reduce com-
plexity and redundancy between closely associated words
(Paranyushkin 2011). Once the text is prepared, Textexture
performs a two-pass analysis to convert text into network data.
Scanning first in two-word and then in five-word units,
Textexture creates a node for each novel word it encounters
and creates or strengthens links between nodes each time
words co-occur within a scanning unit (Paranyushkin 2011).
Textexture provides its own visualization engine, but for the
purposes of this study, the graph data was downloaded as a
Graph Exchange XML Format file and visualized using the
open-source graphing software Gephi (Bastian et al. 2009).
Once loaded into Gephi, each of the four graph files was
processed identically. Nodes were sized according to the
betweenness centrality (BC) metric, which measures the num-
ber of node pairs whose shortest connecting path passes
through the target node (Brandes 2001). Nodes were then
clustered using a community detection algorithm based on
modularity, which identifies groups of nodes whose mutual
connections are denser than their connections to the rest of the
network (Newman 2006; Paranyushkin 2011). Each cluster
was assigned random colors. The size of nodes therefore
shows the number of contexts in which each term appears,

while color and grouping show the most significant contexts
in which each term appears. Edge thickness was determined
by weight—the frequency of the word pairs represented by
each node. Only 100 most significant nodes from each time
frame, by BC, are represented in each graph. All edges with a
weight of 1, signifying that the word pair they connected only
co-occurred in a single instance, were filtered from the visu-
alization to enhance readability.

3.2 Qualitative review

The texts examined for qualitative analysis included addition-
al publications, not included in the bibliography, selected on
the basis of authorship by key movement figures, reference in
influential works in the bibliography, or special relevance to
themes identified in ongoing analysis. Qualitative analysis
also draws on additional nonprint sources, including websites,
online discussion platforms, and video. Sources were exam-
ined for prominent themes with a bearing on agroecological
transition and assessed in relationship to contemporary sci-
ence. Results from the systematic review were used to trian-
gulate with and inform qualitative analysis.

The high level of redundancy in the permaculture literature
has been noted elsewhere (Scott 2010), such that a significant
portion of publications devote some space to reiterating foun-
dational material developed in a small number of key publi-
cations (Mollison and Holmgren 1978; Mollison 1988;
Mollison and Holmgren 1978; Holmgren 2004). Key publi-
cations will be cited when the intent is to clarify origins, while
multiple derivative publications will be cited when the intent
is to illustrate prevalence.

4 Results
4.1 Systematic and bibliometric review

In this section, the results of the systematic and bibliometric
analyses are presented, including publication type, citations,
publication and topic geography, scholarly discipline, and
concept network.

4.1.1 Publication type

The three most prolific publication types in the bibliography
were journal article (50), graduate thesis (46), and book (41).
While journal articles and theses are most numerous, when
publication length is considered, it is clear that books repre-
sent the bulk of published content on permaculture. Along
with overall growth in publications, the distribution of publi-
cation types changes over time (Fig. 4a), and the three publi-
cation types showing the most growth in per year publications
were journal articles (from 0 to 21), graduate theses (0 to 20),
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Medicine and Health
Sciences: 2.5%
Life Sciences: l

23.1% Social and Behavioral

Sciences: 33.9%

Physical Sciences
and Mathematics
33%

Business

2.5% Law: 0.8%

Education
11.6%

Architecture:

19.0%

Engineering
3.3%

Fig. 5 Distribution of academic disciplines among 122 scholarly publi-
cations addressing permaculture. Agroecology and closely related disci-
plines (grouped within life sciences) represent a minority of scholarly
work in permaculture

and book chapter (0 to 11). The majority of the permaculture
literature is written by non-scientists for a popular audience.
Scholarly works, and the subset of peer-reviewed publications
within that category, are present as a minority of publications
throughout the bibliography, representing 54.3 and 13.9 %,
respectively. The total share of scholarly and peer-reviewed
publications has fluctuated while growing over time (Fig. 4b),
from 33 % from 1978 to 1982 to 71 % from 2008 to 2013.

The 122 scholarly publications in the bibliography are
distributed across a broad set of natural and social scientific
and professional disciplines (Fig. 5). The most prevalent dis-
ciplinary categories, in descending order, are social and be-
havioral sciences (41), life sciences (28), architecture (23), and
education (14).

4.1.2 Geography of publication and topic

English-language permaculture literature originates predomi-
nantly from the USA, Australia, and the UK (Fig. 6a). The
geographic distribution of permaculture writing in the bibliog-
raphy has become more widely spread over time: 49 % from
Oceania (Australia and New Zealand) and 41 % North
America in 1978-1987 and 43 % from North America, 34 %
Europe, 9 % Oceania, 6 % Africa, and 9 % Asia in 2008-2013.

Sixty percent of the references in the bibliography could be
determined to have a geographically specific topic. As in the
geographic distribution of the publishing, the topics of per-
maculture publications were initially confined to the USA and
Australia and became more widely distributed over time
(Fig. 6b). In 2008-2013 period, 35 % of publications in the
bibliography referred to North America, 8 % to Oceania, 22 %
to Europe, 18 % to Africa, 6 % to Latin America, 6 % to South
Asia, 4 % to East Asia, and 2 % to West Asia.

For references with geographically specific topics, both
country of publication and country of topic were classified as
“developed” or “developing,” using the Human Development
Index (Malik 2013). Countries in the “very high human devel-
opment” category were classified as developed, and countries
in the other three categories were classified as developing. Of
the 135 references with geographically specific topics, 95 were
classified as domestic, with publication and topic taking place
in the same country, and 41 classified as international. Of
domestic references, 76 were from the developed world and
19 from the developing world. Of the 37 international refer-
ences published in the developed countries, 17 dealt with
topics in developed countries, while 21 examined topics in
developing countries. Of the three international references
published in the developing world, two examined topics in
developed countries, and two examined topics in developing
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Fig. 7 Network representation of country-by-country relationships
between place of publication and place of topic in a 135 permacul-
ture publications. The network illustrates a pattern in which devel-
oped countries commonly study developing countries, and the re-
verse is seldom true. Node size is scaled to indicate the number of

countries—with one of the references dealing with topics in
both a developed and a developing country. The country-by-
country relationship between publication and topic is repre-
sented as a geographic network in Fig. 7, while the propor-
tional distribution of geographic publication—topic relation-
ships is shown in Fig. 8.
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Fig. 8 The proportional distribution of geographic relationships between
place of publication and place of topic in 135 references in the permacul-
ture bibliography. “Domestic” describes research that is conducted and
published with a single country. “International”” describes research that is
conducted in one or more countries and published elsewhere

publications originating from that country. Node color is a heat map
representing number of publications with topics specific to that
country, with green indicating few and red indicating many. Links
between nodes represent publication/topic relationships, with number of
publications indicated by line weight

Queries to multiple language localizations of Google
Scholar returned results concentrated in English-language
literature. With 7,190 search results, results in English repre-
sented 59 % of the total results. In descending rank, returns for
other languages were Spanish (2,190), Portuguese (1,980),
German (294), French (267), Arabic (95), Japanese (44), and
Russian (30). Past research has identified an English-language
bias in Google Scholar (Kousha and Thelwall 2008; Neuhaus
et al. 2006). Interpretation of these results is therefore limited
to the observation that a significant minority of permaculture
literature is in languages other than English and is not
addressed in this study.

4.1.3 Concept network

The network graph produced from the complete series of
references, from 1978 to 2013, contained 1,330 edges, with
each edge representing the co-occurrence of one word pair.
Figure 9 shows the full 100-node network for each time interval
and the complete set, illustrating the changing centrality and
contextual significance of key terms over time and in aggre-
gate. The modularity algorithm produced six conceptual clus-
ters in the complete sequence, each densely linked to a central
term and to each other (Fig. 9d). The central terms, in descend-
ing order of importance (by BC), were design, community,
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Fig. 9 Concept network maps of keywords from permaculture publica-
tions. Node size denotes centrality of concepts, /inks represent concept
co-occurrence, /ink width represents co-occurrence frequency, and color

sustainable, farm, study, and resource. The network produced
from the text of the first sequence of references, from 1978 to
1992, contained 526 edges (Fig. 9a). The modularity algorithm
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denotes conceptual cluster of tightly interlinked concepts. a Publications
1978-2002 (N=51). b Publications 1993-2002 (N=115). ¢ Publications
2003-2013 (N=157). d Complete series 1978-2013 (N=230)

identified eight conceptual clusters, organized around the fol-
lowing terms: design, agriculture, present, urban, resource,
create, base, and housing. The five most central clusters in each
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Fig. 9 (continued)

interval, with the five most central terms in each cluster and
their BC score, are shown in Table 2. The text extracted from
the 1993-2002 references produced a network with 911 edges
(Fig. 9b). Seven conceptual clusters were organized around the
terms design, community, book, garden, land, study, and sys-
tem. The 2003-2013 text produced a network with 1467 edges
(Fig. 9c). Seven conceptual clusters were identified by the

modularity algorithm, organized around the terms design, de-
velopment, farm, food, land, sustainability, and study.

4.2 Qualitative review

In the following section, prominent themes in the permaculture
literature are synthesized and assessed in relationship to
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Table 2 Results of concept network analysis of 230 permaculture publications showing five most important clusters (by modularity) and five most

important terms in each cluster (by betweenness centrality)

Cluster 1 B.C.  Cluster 2 B.C.  Cluster 3 B.C. Cluster 4 B.C. Cluster 5 B.C.
1978-1992  Design 2529  Agriculture 1459  Present 978  Urban 851  Resource 376
Earth 194 System 740 Community 956  Local 398  Ecological 259
Land 186 State 573 Study 337  Diverse 364  Production 156
Paper 149 Farm 513 Redevelopment 239  Group 323 Education 155
Method 78 Sustainable 189 Focus 185 Brompton 224 Natural 112
1993-2002  Design 1199  Community 617 Book 273 Garden 374  Land 297
Sustainable 1044 People 367 Practice 257  Farm 290  Agriculture 257
Principle 314 Water 190 Paper 199  Region 173 Sustainability 137
Environment 284 Development 180 Practical 155  Education 153 Ecology 110
Human 96 Small 150 Environmental 151 Space 87 Alternative 92
2003-2013  Design 240 Development 192 Farm 162 Food 161  Land 122
System 209 Community 147 Sustainable 149 Urban 24 Practice 118
Approach 74 Garden 77 Agriculture 112 Security 19 Natural 72
Ecological 73 Support 52 Organic 60 Strategy 19 Resource 66
Ecosystem 47 Project 46 Base 38 People 16 Water 61
1978-2013  Design 345 Community 338 Sustainable 218  Farm 131 Study 128
Principle 67 Practice 96 System 204  Garden 124 Support 74
Approach 66 People 50 Agriculture 150  Agricultural 32 Environmental =~ 48
Complete development 66 Book 49 Land 106  Forest 16 Ecology 37
Sustainability 45 Work 40 Create 65 Chemical 14 Education 28

contemporary-scientific perspectives on agroecological transi-
tion. Results from the quantitative analysis are used to trian-
gulate with and inform qualitative interpretation of permacul-
ture literature. Qualitative results are organized by the levels of
the stratified definition of permaculture proposed above.

4.2.1 Design

Published definitions of permaculture emphasize its status as a
system for the design for human settlements, with an emphasis
on productive landscapes (see Section 2.1 above). The con-
cept network analysis reinforces the importance of design as a
core component of permaculture, as “design” is the most
central concept in each of the three sequential analyses
(1978-1992, 1993-2002, 2003-2013) and in the complete
sequence (1978-2013).

The permaculture design system utilizes ecological and
systems-thinking principles, and spatial reasoning strategies,
which are used to analyze site conditions, select practices, and
integrate them with site conditions and land use goals (Molli