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Abstract. Diversity and inclusion in the workplace optimise
performance through the input of a range of perspectives and
approaches that drive innovation and invention. However,
gender inequity is prevalent throughout society and females
remain underrepresented in geoscience careers. This study
provides the current status of gender equity in geosciences
throughout Australasia within the context of broader gender
equity policy, frameworks and initiatives and suggests addi-
tional solutions and opportunities to improve gender equity
and the retention of women in the geoscience workforce. At
an individual institutional level in academia, females make
up between 23 %-52 % of the total geoscience departmental
or school staff in Australia, 26 %—39 % of the total staff in
New Zealand, 29 % of total staff at the University of Papua
New Guinea and 18 % at the University of the South Pacific.
Significant gender imbalance exists at more senior levels,
with disproportionately more males than females, a pattern
typical of many Science Technology Engineering and Maths
(STEM) disciplines. Gender inequity is prevalent within the
general membership, committee roles and in award recipients
of Australasian geoscience professional associations. Within
the Geological Society of Australia and Geoscience Society
of New Zealand, only 4 % (n =47) and 18 % (n = 161), re-
spectively of past award recipients for national and general
awards were female. All past awards considered in this study
that are named in honour of a person were named in honour

of a man (n =9). In recent years, women-focused networks
have begun to play an invaluable role to support the reten-
tion and promotion of women in geosciences and provide a
supportive mentoring environment to discuss challenges and
share advice. The improved visibility of women in the geo-
scientific community is an ongoing issue that can in part be
addressed through the development of public databases of
women geoscientists. These provide a list of women geo-
scientists that encourages and supports the achievement of
gender balance of invited talks, job shortlisting and on pan-
els, as well as in the media. This work highlights that more
must be done to actively reduce and eliminate sexual harass-
ment and assault in university and field environments. We
emphasise that particular efforts are required to make geo-
science careers more inclusive and safer, through the estab-
lishment of specific codes of conduct for field trips. Shared
learning of best practices from evidence-based approaches
and innovative solutions will also be of value in creating pos-
itive change. Greater engagement from the wider geoscien-
tific community, and society in general, is required for the
success of gender equity initiatives. Identified solutions and
opportunities must target all levels of education and career
development. Additional data in future should be collected to
look beyond gender to monitor and assess intersectionality.
Improved efforts to understand why women leave STEM ca-
reers will help to address the “leaky pipeline” and determine
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the initiatives that will be most effective in creating long term
sustainable change.

1 Introduction

Workplace diversity and inclusion is central to driving inno-
vation and invention because it widens perspectives and ap-
proaches, optimising performance (Green et al., 2002; John-
son, 2018). The 2017 World Economic Forum Gender Gap
report estimated that USD 5.3 trillion could be added to
global GDP by closing the gender gap in economic par-
ticipation by 25 % by 2025 (Schwab et al., 2017). How-
ever, progress is slow and women and other underrepre-
sented groups continue to face barriers to careers and career
progression within Science, Technology, Engineering, and
Maths (STEM) fields, including Geosciences (the latter in-
cluding Earth and Environmental Sciences). This is due to a
range of factors including discrimination, bias, stereotypes,
and workplace structure and culture (e.g., Su and Rounds,
2015; Dutt et al., 2016). Solutions are needed that move be-
yond approaches that “fix women”, which put the onus on
women to adapt, and build fairer workplaces by focusing on
institutional change to “fix the system”. While many current
government, institutional and grass-roots initiatives focus on
improving gender equity, it is expected that these initiatives
will also help increase diversity of minority groups since
some strategies are not targeted at helping women explicitly,
but rather reducing bias in systems around hiring, awarding
grants, and promotions, for example.

Women are not a minority, they represent around half of
the World’s population (49.6 % in 2017; Ritchie and Roser,
2019), and yet they are consistently behind men on every
critical indicator. Gender equality (Sustainable Development
Goal 5) is laid out as an important goal for 2030; however, it
is projected to take around 100 years on average to achieve
this goal according to the World Economic Forum (2019b).
Without a more deliberate, data-driven focus on the needs of
women and girls in particular, progress toward a wide range
of objectives will suffer. Overcoming the deeply entrenched
barriers that impede progress for women and girls can seem
like a daunting challenge, but it is also a valuable oppor-
tunity. Data alone do not solve problems but enable us to
ask more insightful questions and to collect and use this in-
formation to inform policy interventions (Lopes and Bailur,
2018). Robust gender data are essential to drive policies re-
lated to gender equity and equality; however, policymakers
frequently only have access to biased or incomplete data sets
that do not accurately reflect the lives of women and girls
(Greenway, 2019).

In Australasia, defined here as Australia, New Zealand
(NZ), Melanesia, and the western Pacific Ocean islands of
Polynesia, the lack of diversity in STEM disciplines, par-
ticularly in academia, has long been recognised (e.g., Mills
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et al., 2006), but it has only been relatively recently that a
groundswell of support to change the status quo has devel-
oped in some of these countries. Although geoscience de-
partments and schools in several Australian universities were
included within their university’s data for the Science in Gen-
der Equity (SAGE) Pilot Program, we do not yet have a
good understanding of the status of gender equity in geo-
sciences across Australasia within academia, industry, gov-
ernment and professional associations.

In this paper we present the current status of gender eq-
uity in geosciences in Australasia as expressed through a
compilation of publicly available information on gender in
academic institutions, and success in Australian (Australian
Research Council, ARC) and New Zealand (Royal Society
of NZ, Marsden Fund) funding schemes. We also present
available information on gender balance in professional so-
ciety membership (Geological Society of Australia, GSA,
and Australian Institute of Geoscientists, AIG), committee
structure (GSA) and award recipients (GSA and the Geo-
science Society of New Zealand, GSNZ). The results indi-
cate some positive change in recent years, but highlights that
Australasian geoscience has much work to do to achieve gen-
der equity. We see this paper as the first step in providing a
baseline on the current status of gender equity in geosciences
in the region. The Women in Earth and Environmental Sci-
ences Australasia (WOMEESA) network is used as a case
study to explore the value and role of women-focused net-
works in driving and supporting gender equity in geoscience.
The study also recommends additional steps forward towards
achieving gender equity in geosciences.

2 Current status of workforce gender equity and
equality in the Australasian landscape

An understanding of broader policy and legal frameworks
within each country provides context and helps develop in-
sight to inequity and inequality in geosciences. Here we pro-
vide brief overview of the current status of gender equity
and equality within the workforce within Australasia, high-
lighting great disparity within the region. A global assess-
ment of the status of legal gender discrimination is provided
by The World Bank’s “Women, Business and the Law” data
(World Bank, 2020), where a higher ranking or score reflects
more gender equal laws. The latest 2019 data show that Aus-
tralia and New Zealand rank 19th (96.9 out of 100) and 24th
(94.4 out of 100), respectively, out of 190 economies. Other
Australasian countries rank lower than Australia and New
Zealand (87th to 164th) due to restrictive laws and regula-
tions affecting women’s ability to earn equal pay for work
of equal value and/or to work in the same sectors and in-
dustries as men. For example, Papua New Guinea (PNG)
has no laws against sexual harassment in the workplace and
in Vanuatu there is no law prohibiting discrimination in the
workplace on the basis of gender. Tonga, PNG, Vanuatu
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and the Solomon Islands score 0 out of 100 for “parent-
hood” with no provision of paid parental leave to mothers
or fathers and the lack of protection of jobs for pregnant
workers. The labour force participation rate of women, ex-
pressed as a percent of the working-age population provided
by the International Labour Organisation (ILO, 2020, https:
/flostat.ilo.org/data/country-profiles/) shows that the Aus-
tralasian island nations of Fiji (38.6 %, 2016 data), Vanuatu
(58.1 %, 2010 data), Papua New Guinea (47.7 %, 2010 data),
and Samoa (31.5 %, 2017 data) are generally lower than that
for Australia (61.0 %, 2019 data) and New Zealand (65.6 %).
The World Economic Forum Global Gender Gap Index mea-
sures the extent of gender-based gaps within four areas: eco-
nomic participation and opportunity, education attainment,
health and survival, and political empowerment. In the 2020
Global Gender Gap report (World Economic Forum, 2019b)
Australasian countries show variable ranking. New Zealand
is ranked 6th on the global scale, Australia ranks 44th with
a low score on political empowerment, while Fiji, Vanuatu,
Papua New Guinea all appear in the lower portion of the 153
countries listed (103rd, 126th and 127th, respectively).

Despite the recognised remuneration potential, gender
wage gap data from the Organisation for Economic Co-
operation and Development (OECD) available for Australia
and New Zealand (OECD, 2020) show a gender wage gap of
11.7 % for Australia, and 7.9 % for New Zealand for full-time
employees. However, the Australian Government 2018-2019
Workplace Gender Equality Agency (WGEA) data reveal
progress towards workplace gender equity, showing a 20.8 %
drop in the gender pay gap, a significant increase in mea-
sures to take action on family and domestic violence (policy,
strategy and/or paid domestic violence leave), an increase in
flexible work arrangements and in having gender equality
policies or strategies (Workplace Gender Equality Agency,
2019). Yet on average, men in the general Australian work-
force earn close to AUD 26 000 more per year than women.
The Australian mining sector WGEA data show an encour-
aging growth in the number of female managers in the last
five years and similar representation in managerial roles rel-
ative to the proportion of women in the mining workforce,
although only 15 % of the sector’s workforce are women.

In New Zealand, a 2015 report by Statistics New Zealand
found that Natural and Physical Sciences (e.g., biology,
chemistry, earth science and mathematics) was the only field
of study with no gender segregation (Statistics New Zealand,
2015). Men and women comprised 51 % and 49 % of peo-
ple with qualifications in this field, respectively. The study
also found that in the field of earth sciences, young women
(20-29 years old) represent less than 50 % of the workforce.
Differences in research score and age explain less than half
of the approximately NZD 400 000 lifetime gender pay gap
in NZ universities (Brower and James, 2020).
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3 Approach and terminology

Gender is one component of diversity in workplaces but there
are many other ways in which society is diverse, including
differences in ethnicity, language, culture, social roles, sexual
orientation, education, and income, among other attributes.
In this study we consider gender equity to be the fair treat-
ment of women and men, respective of their needs. This may
involve equal treatment or can involve treatment that is dif-
ferent, but considered equivalent in terms of rights, benefits,
obligations and opportunities (Mencarini, 2014). We define
gender equality as whereby all human beings, irrespective
of gender, are able to develop their personal abilities and
choices free of limitations imposed by stereotypes, rigid gen-
der roles, and prejudices. This does not mean that everyone
has to become the same, but that an individual’s rights, re-
sponsibilities and opportunities are not dependent on their
gender (Mencarini, 2014). We acknowledge that gender goes
beyond the binary division of “male” and “female” or “man”
and “woman”. However, data on non-binary gender identi-
fication was insufficient for analysis and so in this work we
have focused on binary data, noting additional gender identi-
fication where available.

3.1 Compilation of institutional gender data by career
level

New data are presented (Table S1 in the Supplement and
Sect. 4.2.1) for academic staff by gender and career level
at the institutional level from publicly available university
geoscience departmental or school websites for Australian
and New Zealand universities. Universities were selected
based on the top ten Australian and New Zealand univer-
sities in the Quacquarelli Symonds (QS) and the Times
Higher Education university rankings. Inherent in the com-
pilation of the data is the assumption that we can iden-
tify a person’s gender by their name and appearance (rather
than self-identification) and that we only consider binary
gender categories. The employment levels considered in-
cluded academic levels A to E, where: Level A represents
Associate Lecturer/Assistant Lecturer/Research Associate,
Level B represents Lecturer/Research Fellow, Level C repre-
sents Senior Lecturer/Senior Research Fellow, Level D repre-
sents Associate Professor/Reader and Level E represents Pro-
fessor. Assumptions were required to place academic staff
where level is not indicated through job titles (e.g., Teaching
Fellow). As such, we allocated Research/Teaching Fellows to
Level B, Senior Research/Teaching fellows to Level C, Prin-
cipal Research Fellows to Level D and Research Professors
to Level E. Where job title was not indicated the staff mem-
ber was not included. Postdoctoral Fellows were attributed
to Level A. Professor (Level E) does not include Emeritus
Professors. Visiting and honorary positions were also ex-
cluded. Other limitations include that websites might not be
updated often enough to capture accurate staffing profiles at
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Figure 1. Staff profile by headcount reported by the Australian Re-
search Council (ARC) Excellence in Research for Australia (ERA)
2018 evaluation (Australian Research Council, 2019). Data dis-
played by two-digit Fields of Research for (a) Earth Sciences
(FoR 04) and (b) Environmental Sciences (FoR 05). Note ERA
2018 data only considers staff reported as female or male and ex-
cludes 40 staff that were reported as “X” in ERA 2018. Headcount
of women working in Geosciences within the top 10 universities
in Australia (c¢) and top 6 in New Zealand (d) according to the
Quacquarelli Symonds (QS) World University Rankings and The
Times Higher Education World University Rankings for 2019. The
employment levels considered included academic levels A to E,
where: Level A represents Associate or Assistant Lecturer/Research
Associate, Level B represents Lecturer/Research Fellow, Level C
represents Senior Lecturer/Senior Research Fellow, Level D repre-
sents Associate Professor/Reader and Level E represents Professor.
See Sect. 3.1 and Table S1 for additional details.

the time of data collection, in particular the frequent move-
ment of fixed-term Level A staff (Associate/Assistant Lectur-
ers and Research Associates). The University of South Aus-
tralia, Lincoln University and Auckland University of Tech-
nology were not included in the compilation (Fig. 1) as they
have few staff in fields relevant to earth and environmental
science or geoscience and sufficient data could not be ex-
tracted.

3.2 Compilation of professional association and
WOMEESA data

The Geological Society of Australia (GSA) provided mem-
bership gender data for 2018 and 2019 for this study along
with gender representation on current (2019-2020) divi-
sional and specialist group committees, which is presented
in Table S2. Information on committee members is also pub-
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licly available on the GSA website (https://www.gsa.org.au/,
last access: 11 February 2020). We have compiled longitu-
dinal data on gender representation in past award recipients
for national and general awards from the GSA and the Geo-
science Society of New Zealand as provided on their respec-
tive webpages (Table S3 and summarised in Table 1). We
have had to make the assumption that we can identify an
awardee’s gender by their name and appearance (rather than
self-identification) and that we only consider binary gen-
der categories. We also recorded the assumed gender of the
medal/award honouree if applicable. WOMEESA member-
ship profile data and the overview of results from a member-
ship survey were provided by WOMEESA (Sect. 7).

4 Gender equity in Australasian higher education

Despite recent progress in some countries, women in higher
education continue to experience inequity and inequality at a
number of levels and gender-specific barriers that can impede
completion of undergraduate degrees and their advancement
in research careers, particularly in STEM fields, including
geosciences. These barriers can include: unconscious biases
that negatively influence the perception of women’s abilities;
social and cultural factors, such as an unequal distribution
of domestic labour; and sexual and gender-based harassment
(Australian Academy of Science, 2019; Dutt et al., 2016;
Greider et al., 2019; Lerback and Hanson, 2017). In this sec-
tion we provide further insight to these barriers within the
higher education context and investigate gendered outcomes
for research funding in Australasia. We highlight current gen-
der inequities in geoscience research staff profiles and pro-
vide new data on gender balance in Australasian university
geoscience departments and institutions.

4.1 Undergraduate and postgraduate level

Recent undergraduate enrolment figures in Australia and
New Zealand show that there are more females than males
enrolled in university courses when all disciplines are con-
sidered (Australian Bureau of Statistics, 2019; AWIS, 2011;
Ministry of Education New Zealand, 2018a). However, data
available for Australia show an overall gender pay gap in the
median starting salary of Australian undergraduates (all dis-
ciplines) in their first full-time employment by study area,
with males being paid AUD 3600 (6 %), AUD 1100 (2 %) and
AUD 3000 (5 %) more than females starting work in 2016,
2017 and 2018, respectively (Australian Bureau of Statis-
tics, 2019). While enrolment in natural and physical sciences
at university in Australia and New Zealand shows around
equal gender representation (AWIS, 2011; Australian Bureau
of Statistics, 2019), there has been an overall decline in the
total number of students enrolled in geoscience degrees in
Australia since 2013 (Cohen, 2018). A pattern that is also
reflected in geoscience enrolments in the United Kingdom
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Table 1. Summary of the gender of past award recipients for national and general awards of the Geological Society of Australia (GSA) and

Geoscience Society of New Zealand (GSNZ).

Name of award Society No. of Percentage of ~ Gender of medal
awardees awardees honouree
Female Male | Female Male

A. E. Ringwood Medal GSA 0 4 0 100 Male

E. S. Hills Medal GSA 1 3 25 75 Male

Joe Harms Medal GSA 0 13 0 100 Male

S. W. Carey Award GSA 0 12 0 100 Male

W. R. Browne Award GSA 1 13 7 93 Male

McKay Hammer GSNZ 4 29 12 88 Male
Hochstetter Lecture GSNZ 3 30 9 91 Male

Kingma Award GSNZ 10 22 31 69 Male

NZ Geophysics Award ~ GSNZ 3 28 10 90  Not applicable
Harold Wellman GSNZ 5 27 16 84 Male

(e.g., Boatright et al., 2019). Therefore, it is paramount that
geoscience students of all genders are attracted to geoscience
careers and supported throughout their careers to avoid a fu-
ture shortage of skills and approaches.

One significant challenge that Universities need to ad-
dress as a matter of priority is sexual assault and sexual
harassment within the university environment and particu-
larly on field trips, which form an integral part of many geo-
science degrees. A 2013 study of 666 international field sci-
entists, both male and female, found that 72 % of the scien-
tists had seen or heard about verbal harassment in the field,
64 % had experienced sexual harassment in the field them-
selves, and over 20 % had experienced assault (Clancy et
al., 2014). Similarly, a recent global survey of over 4000
scientists revealed that nearly two-thirds of respondents re-
ported witnessing bullying or harassment and 43 % said it
had occurred in the workplace (Abbott, 2020). In Australia,
the “Change the Course: National Report on Sexual Assault
and Sexual Harassment at Australian Universities (2017)”
highlighted the nature, prevalence and underreporting of sex-
ual assault and sexual harassment at Australian universities
through a national survey (Australian Human Rights Com-
mission, 2017). The survey had 30000 student respondents,
representing 39 Australian universities, and revealed that one
in five students were sexually harassed (excluding travel to or
from university), and 1.6 % were sexually assaulted (includ-
ing travel to and from university) in a university setting in
2016. Women were twice as likely to be sexually harassed
and three times as a likely to have been sexually assaulted
compared to men. Undergraduate students (28 %) were more
likely than postgraduates (19 %) to have been sexually ha-
rassed in a university setting in 2016. The majority of these
students (94 % and 87 %) did not make a formal report or
complaint to their university. These data highlight the need
for universities need to do more to build awareness and de-
velop a culture of respect in a safe environment for learn-
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ing, with efforts being led by Vice-Chancellors and engaging
all levels of the university. In addition to sexual harassment
and assault, “everyday” or “casual” sexism towards women is
harder to measure and often goes without correction. To raise
awareness, encourage discussion and highlight the preva-
lence of everyday sexism in society and academia, a number
of grass-roots projects have been set up. For example, “The
Everyday Sexism Project” (https://everydaysexism.com, last
access: 11 February 2020, Twitter: @EverydaySexism) and
“Did This Really Happen” (https://didthisreallyhappen.net/,
last access: 11 February 2020, Twitter: @team_dtrh; Bocher
et al., 2020), which share stories of events that have hap-
pened.

Geoscience field-based courses or trips within undergradu-
ate degrees might be attractive to many females but to others,
who may not have previously spent much time outdoors or
exploring remote areas, they can be intimidating. Issues such
as access to suitable field gear, which can be more difficult
to find for women or worrying about access to suitable toilet
facilities on a remote field day can be enough to put someone
off enrolling in a course with a field component (Greene et
al., 2019; Giles et al., 2020). These issues are gradually being
tackled by initiatives including pooled field gear for student
hire, improved student briefings before and during fieldwork,
including around menstruation in the field, and opportunities
for students to confidentially raise concerns. The increased
exposure of school-aged students to geoscience (including
fieldwork) through programmes such as the UK’s Girls into
Geoscience (https://girlsintogeoscience.wordpress.com/, last
access: 11 February 2020), and GeoBus (Brooke and Edging-
ton, 2020) Programs, along with New Zealands’ GeoCamp
(https://www.gns.cri.nz/Home/Learning/GeoCamp, last ac-
cess: 11 February 2020) are also actively addressing these
matters.

One key issue lies in the retention of students through to
postgraduate level and beyond. Data from both New Zealand
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and Australia show that women are less likely to enrol in
postgraduate degrees (e.g., Ministry of Education, 2018b)
and are more likely to drop out of a degree due to difficul-
ties they may face with childcare and lack of paid maternity
leave. In the United States of America, although over 40 % of
doctoral degrees in geosciences are now awarded to women,
less than 10 % of full-time professional positions in the field
are held by women (Dutt et al., 2016).

Given the funding limitations and challenges faced by the
higher education sector worldwide at present, as well as the
general decline in geoscience undergraduate enrolments (Co-
hen, 2018), it becomes not only a matter of social justice but
an economic incentive to universities to improve their reten-
tion, success and completion rates through inclusive practise
(Naylor and Mifsud, 2019).

4.2 Higher Education Research

In the mid-1980s women comprised 20 % of total academic
staff (all disciplines) in Australian universities, yet they held
only 6 % of positions above senior lecturer. This has im-
proved in the intervening 25 years, with women forming
44 % of academic staff in 2014, and 31 % of senior posi-
tions (Winchester and Browning, 2015). But there are still
many challenges faced by women in academia. Women re-
main overrepresented in some disciplinary, teaching, and stu-
dent support areas and significantly underrepresented in re-
search (Winchester and Browning, 2015). As demonstrated
by the data presented here, the male-dominated gender gap
in senior roles persists in geosciences (Fig. 1).

4.2.1 Academic staff

The Australian Research Council (ARC) collected gender
data by headcount for the first time during the ERA 2015
evaluation round. Gender information is now available for
the 2015 and most recent 2018 evaluations, compiled within
the “Gender and the Research Workforce” report (Australian
Research Council, 2019). The proportion of female to male
researchers in the Australian research workforce (all disci-
plines) has remained largely the same between the two eval-
uations, with 43 % female researchers in 2015 and 44 % fe-
male researchers in 2018. In terms of headcount, the num-
ber of male researchers increased by 11 % while female re-
searchers increased by 15 % over the same period. However,
the proportion of female to male researchers by discipline
varies significantly.

Gender by two-digit Fields of Research (FoR) codes
shows that Earth Sciences (FoR 04) and Environmental Sci-
ences (FoR 05) have below the average female to male re-
searcher ratio (44 :56), with a ratio of 26:74 in Earth Sci-
ences and 41:59 in Environmental Sciences, ranking 18th
and 12th, respectively, in female:male researcher ratio out
of the 22 two-digit Fields of Research considered in 2018
(Australian Research Council, 2019) (Fig. 1). Earth Science
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and Environmental Science FoRs saw a slight increase in the
percentage of female researchers from 2015 to 2018: 25 %
to 26 % in Earth Science and 39 % to 41 % in Environmen-
tal Sciences. Researchers by employment level and gender
in the Environmental Science FoR shows the typical STEM
pattern (Science in Australia Gender Equity, 2016) with sim-
ilar numbers of staff at Levels A (Associate or Assistant Lec-
turer/Research Associate) and B (Lecturer/Research Fellow)
but a disproportional loss of women relative to men as career
stage progresses towards Level E (Professor), i.e., the open
“scissor” pattern. However, within the Earth Science FoR 04
code, the number of female researchers is never in parity with
male researchers, and the gap is largest at Level E (Fig. 1a).
Gender by four-digit FoR code within the Earth Science and
Environmental Science FoRs for Level A and Level E are
shown for comparison in Fig. 2 (Australian Research Coun-
cil, 2019). At Level A, females constitute less than 50 % in
all four-digit FoR code subdisciplines except for Ecological
Applications and Environmental Science and Management.
The subdisciplines of Atmospheric Sciences and Geophysics
have the lowest percentage of females at Level A (Fig. 2a). At
Professor Level (E), females make up between 4 % to 26 %
of each subdiscipline, again with the Ecological Applications
and Environmental Science and Management subdisciplines
containing the most female professors (26 % and 23 %, re-
spectively). Six out of the eleven subdisciplines have less
than 10 % females at Level E (Fig. 2b).

Figure 1c and d and Table S1 show new data presented
in this study on the proportion of academic staff by gen-
der at the institutional level compiled from publicly avail-
able university geoscience departmental or school websites
in January 2020 for Australian and New Zealand univer-
sities, respectively. Data for the top three (QS- and Times
Higher Education-ranked) Australian Universities are shown
in Fig. 3 as an example of gender balance at institutional
level. At country level, staff gender patterns in geoscience
within the selected Australian and New Zealand universities
presented in Table S1 show similarity to the ARC ERA 2018
pattern for Environmental Sciences, with relative parity of
females and males by headcount at Levels A-B (Australia)
and A—C (New Zealand), but significant gender imbalance
at Levels D and E in both countries, with more males than
females in the more senior-level roles. Data available from
the University of Papua New Guinea (PNG) and the Univer-
sity of the South Pacific (Fiji), show that there are no females
at present at Levels D and E in either university (Table S1).
At institutional level, females make up between 23 %—52 %
of the total geoscience departmental or school staff in Aus-
tralia, 26 %—39 % of the total staff in New Zealand, 29 % of
total staff at the University of Papua New Guinea and 18 % (2
females to 9 males) at the University of the South Pacific (Ta-
ble S1). University geoscience leadership roles, i.e., Head of
Department or School, are male-dominated in Australia and
New Zealand, with 12 males filling the 17 leadership roles in
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Figure 2. Percentage headcount by four-digit Field of Research (FoR) code within the two-digit Fields of Research for Earth Sciences
(FoR 04) and Environmental Sciences (FoR 05) reported by the Australian Research Council (ARC) Excellence in Research for Australia
(ERA) 2018 evaluation (Australian Research Council, 2019). (a) Percentage headcount at Level A (Associate or Assistant Lecturer/Research
Associate). (b) Percentage headcount at Level E (Professor).
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Figure 3. Staff profiles by headcount for three selected universities to exemplify high levels of gender inequity at Levels D (Associate
Professor/Reader) and E (Professor) in geoscience in Australasian universities (see Table S1 for data of all the universities considered in this
study).

Australia and 4 males occupying the 6 roles in New Zealand where a lower percentage of female PIs were funded rela-

(Table S1). tive to expressions of interest and in 2014, 2015 and 2018,
where more females were funded. The percentage of female

4.2.2 Research funding outcomes PIs submitting expressions of interest is generally increasing
overtime from less than 20 % in 2000 to around 35 % in 2018

We were unable to find publicly available data on over- and 2019.

all research gender profiles by employment level for geo- Gender insight into ARC funding outcomes in Australia is

sciences or earth and environmental science disciplines for available across different schemes since 2002, and available

New Zealand (e.g., Royal Society Te Aparangi) for com- for success rate by two-digit FoR by gender and year (Aus-
parison. However, overall gender data for all disciplines are ~tralian Research Council, 2020). Between 2002-2019, over-

available for the Royal Society Te Aparangi Marsden Fund all success rate by gender for key schemes such as the Dis-
outcomes. In the 2019 funding round, 36.4 % and 37.0 % covery Projects scheme has ranged between 17.5 %-30.1 %
of investigators in research applications self-identified as fe- ~ for women compared to a slightly higher 18.1 %-35.3 % suc-
male in the expression of interest and full application stages, cess rate for males. When all disciplines are considered,
respectively, with 37.5 % of female investigators on propos- males were relatively more successful than women in every

als recommended for funding. Longitudinal data presented ~ round of Discovery Projects since 2002, apart from 2018 and
by the Royal Society Te Aparangi (2019) show that from  2019. Success rates by two-digit FoR by gender by year for

2000 to 2018, the percentage of Principal Investigators (PIs) Earth Sciences and Environmental Sciences show no clear
identifying as female in the Marsden Fund expression of in- gender pattern, with variable female success rates from year
terest stage has been similar to the percentage of proposals ~ to year relative to males (not shown). To improve gender

with female as PIs funded. Exceptions are in 2008 and 2010, equity and opportunity of all eligible researchers to partic-
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ipate in the Australian National Competitive Grants Program
funding schemes the ARC’s Equality Action Plan (ARC,
2018) was developed. Some of the present initiatives include:
greater recognition of the impact of career disruptions such
as those experienced as a result of parental leave and car-
ing responsibilities in eligibility requirements and assess-
ment of applications; two dedicated female fellowships in
the ARC Australian Laureate Fellowship scheme; guidance
for members of the ARC College of Experts, assessors and
applicants with regard to performance relative opportunity;
Centre-specific equity plan requirements for new ARC Cen-
tres of Excellence to implement; and continued monitoring,
reporting and engagement in gender equity and equality mat-
ters.

Many factors likely contribute to gender inequity in the
higher education workforce and funding outcomes. In addi-
tion to historic and continued gender-based barriers to female
inclusion such as the lack of role models, caring responsibili-
ties and harassment, clear bias and inequity surrounding fun-
damental aspects of research career progression (output and
opportunity) are evident in STEM and Medical Science (e.g.,
Dutt et al., 2016). A cross-disciplinary bibliometric analysis
of over 5 million Thomson Reuters Web of Science research
papers and review articles with over 27 million authorships
published between 2008-2012 (Lariviere et al., 2013) shows
men dominate scientific production by article outputs in al-
most all countries. The study also shows that women in dom-
inant author positions on articles (in the most output produc-
tive countries) receive less citations than those by men in the
same positions. Social network analysis (SNA) of Australian
Research Council Linkage Infrastructure, Equipment and Fa-
cilities (ARC LIEF) grants (2008-17) and National Health
and Medical Research Council (NHMRC) program grants
(2003-18) showed that men mostly work with other men
(Bogle, 2017). Data for NHMRC grants suggest that 84 %
of men that received a grant worked in men-only teams. In
geosciences, an analysis of gender of authors and reviewers
for American Geophysical Union (AGU) journals from 2012
to 2015 (Lerback and Hanson, 2017) showed that women re-
viewers were used less (proportionate to AGU membership
representation), particularly by male editors, and females
only made up 26 % of submitting first authors. However, the
acceptance rate for female first-authored papers was slightly
higher (61 %) than male first authors (57 %). To address bar-
riers to the career progression and the attrition of women
in higher education a number of high-level and leadership-
driven initiatives have been developed that will be explored
further in Sect. 8.

5 Australasian geoscience government-run institutions
In addition to major funding bodies, discipline-focused gov-

ernmental institutions have a major role to play in setting
expectations and leading by example for their respective in-
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dustry and university sectors. Therefore, leadership engage-
ment and accountability in gender equity matters within
geoscience-focused, government-run national organisations
in Australasia, such as Geoscience Australia (GA) in Aus-
tralia and Geological and Nuclear Science (GNS Science) in
New Zealand are paramount to driving improvements in gen-
der equity across the geoscience sector.

Australia’s public sector geoscience organisation, Geo-
science Australia, is visibly engaged in improving workplace
diversity and inclusion, including gender equity. The present
Chief Executive Officer (CEO), James Johnson, is a Male
Champion of Change, part of a group of Australian male
CEOs and Chairpersons that have made a commitment to
ensuring the issue of women’s representation in leadership
is elevated on the national business agenda. The organisa-
tion made a written submission to the Australian Govern-
ment’s Women in STEM decadal plan, coordinated by the
Australian Academy of Science and the Australian Academy
of Technology and Engineering. Geoscience Australia has
also been successful in their recent Science in Australia Gen-
der Equity (SAGE) application for Bronze accreditation that
was awarded in February 2020. The organisation recognised
large gaps in workforce gender equity which led to the de-
velopment of a Gender Strategy 2015-2018. This strategy
was part of a number of disparate strategies and action plans
which is now succeeded by a combined Diversity and Inclu-
sion Strategy 2019-2022, of which gender is one of six iden-
tified diversity priorities. In 2018, 38.2 % of GA employees
identified as female (compared to 59 % in the rest of the Aus-
tralian Public Service, APS) with 23.7 % female senior lead-
ers (employment levels: Executive Level 2 and Senior Exec-
utive Service) compared to 45.6 % in the rest of the APS (GA
Diversity and Inclusion Strategy, 2019-2022). Actions taken
are supported by HR but more widely through engagement
with SAGE, and include: raising awareness of unconscious
bias and gender roles (via an e-learning module with target
of 35 % staff completion), implementing SAGE actions that
relate to employee engagement and ensuring that GA meets
or exceeds Australian Guidelines with respect to gender iden-
tification (GA Diversity and Inclusion Strategy, 2019-2022,
2019). Their strategy and action plan is supported by a num-
ber of boards, networks and committees.

In New Zealand, GNS Science’s Annual Report in 2019
showed that females make up 42 % of the overall workforce
at GNS Science and are underrepresented at the higher re-
search and leadership levels. Males make up 57 % of se-
nior leadership roles and 62 % of all research positions and
females are overrepresented in lower level positions and
support roles (e.g., females make up 69 % of general sup-
port roles) (GNS Science, 2019). Despite the current over-
all underrepresentation of women, there have been signifi-
cant improvements in gender balance at GNS Science over
the last twenty years. In 1992, when the precursor to GNS
Science (The Department of Scientific and Industrial Re-
search) closed, only 5 females were on staff at the insti-
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tute, representing just 4 % of the workforce (Nathan, 2020).
The National Institute for Water and Atmospheric Research
(NIWA) in New Zealand reported a male-dominated work-
force in their 2019/20 Statement of Corporate Intent, with
only 36 % female staff (NIWA Taihoro Nukurangi, 2019b).
Encouragingly, NIWA’s 2017 Annual Report showed 51 %
of new science staff hired were female and that this trend
has continued (NIWA Taihoro Nukurangi, 2017, 2019b). Al-
though there have been major improvements in the overall
gender balance at geoscience-related Crown Research Insti-
tutes (CRIs) in New Zealand, there is still a huge amount
of work to be done to increase the number of Maori women
staff. In 1998, only 1.5 % of employees across the seven CRIs
identified as Maori women, with none in management posi-
tions, and only two scientists (Rust, 2015). The gender data
presented here are overall totals, and as such are not neces-
sarily representative of the true balance. For example, there
is a significantly higher proportion of females on short-term
or part-time contracts than males. A more accurate measure
would be to look at the proportion of FTEs (full-time equiva-
lents) held by males and females; however, such data are not
currently available.

GNS Science’s board of directors is currently 50 % fe-
male (3 out of 6), with both the chair and deputy chairman
positions held by women. NIWA’s board of directors con-
tains 4 out of 7 females; however, both the chair and deputy
chairman positions are currently held by males. GNS Sci-
ence’s executive leadership team is also 50 % female; how-
ever, there is one position currently vacant (at the time of
writing) and the CEO is male. There are currently 18 staff at
the level of principal scientist at GNS Science, of which only
3 are female. Only 2 out of 9 of NIWA’s executive leadership
team are female, with the CEO being male. NIWA’s science
leadership team is also male dominated, with only 3 females
out of 13 staff at this level.

6 Professional geoscience associations

Professional associations in geoscience play a significant role
in supporting the geoscience community across government,
industry and academia and provide essential accreditation
and recognition of experience for professional geoscientists,
and recognition of excellence through awards that assist with
employability and promotion of association members within
their respective fields. In theory, membership of professional
associations should reflect the gender balance of the indus-
try and sectors they serve. However, membership from his-
torically underrepresented groups such as women is likely
influenced by current membership make-up and event partic-
ipation, i.e., how “welcoming” the society is to the underrep-
resented group in question and therefore, professional soci-
eties may not engage and capture representative gender pop-
ulations in the field. This “welcome” might be reflected out-
wards to the wider geoscience community through the gen-
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der balance of divisional committees and specialist groups,
type and distribution of awards and gender balance of speak-
ers at sponsored/associated/led conferences or events. To ex-
amine general association membership gender distribution
and committee balance within professional geoscience as-
sociations we use the Geological Society of Australia as a
case study with reference to other associations in Australia
and New Zealand where data were easily accessible/publicly
available.

The Geological Society of Australia (GSA) was estab-
lished in 1952 with the aim to support, promote and advance
earth sciences within the scientific and wider communities.
The Society has divisions in Australian States and Territories
and a number of specialist groups. The society publishes a
peer-reviewed scientific journal “The Australian Journal of
Earth Sciences”, holds biennial conventions and specialist
group meetings, produces a quarterly magazine, provides na-
tional and specialist group awards and professional accredi-
tation. There have been 38 presidents of the GSA in total, in-
cluding the current president. Of these, only four have been
female, including the current and immediate past presidents
(2016-2018). Others were Nelly Ludbrook (1968-1969) and
Dorothy Hill (1973-1975). In August 2019 the GSA had
1689 members, 77 % of which identified as male with a small
increase in female membership between 2018 (19 %) and
2019 (23 %) (Table S2). Figure 4a shows that apart from the
Northern Territory Division, which has a small total member-
ship, females only constitute between 16-28 % of each Di-
vision within Australia. Gender balance on GSA Divisional
Committees is variable (Fig. 4b) but in general there are
higher female:male committee member ratios compared to
the female:male membership ratios of the Division they rep-
resent. The Queensland (QLD) Divisional Committee, has
the lowest female to male ratio (3: 16) but identical gender
balance to the QLD divisional membership comprising 19 %
females (38 :206). All other Divisions have a higher propor-
tion of women relative to men on their committees, compared
to the gender balance of their respective divisional member-
ship. The Northern Territory Division (NT) Committee com-
prises 100 % women. News South Wales (NSW) and Victoria
(VIC) have more than 50 % of their Committee comprised of
women. Looking at the thirteen GSA Specialist Group Com-
mittees, four are absent of women and only three have 50 %
or more women (Fig. 4b, Table S2).

Similar male-dominated, gender distributions in member-
ship are observed in other Australian professional associa-
tions. The Australian Institute of Geoscientists (AIG) 2017
membership profile and AIG’s 2017 Australian Geoscientist
Employment Survey data showed that males comprised 86 %
of AIG’s fellows, members, graduates, students and retired
members. Gender distribution varied by employment/career
status with only 12 % female AIG Members (with more than
5 years professional experience) and Fellows (with more than
15 years of professional experience), 29 % female Graduate
members (with less than five years’ experience since grad-
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Figure 4. (a) Gender balance of members within the Geological
Society of Australia (GSA) by State or Territory in May 2018. Aus-
tralia Capital Territory (ACT), New South Wales (NSW), Northern
Territory (NT), Queensland (QLD), South Australia (SA), Tasma-
nia (TAS), Victoria (VIC), Western Australia (WA), Other: mem-
bers located overseas. The Hunter Valley Branch is grouped within
the NSW data. Membership numbers by headcount are displayed
within the chart. (b) GSA Divisional Committee members by gen-
der for the current period (2019-2020).

uation) and 34 % of Student members were female (Waltho,
2017). We note that a small number of members elected to be
identified as neither male nor female. The gender imbalance
in AIG membership likely reflects the past dominance of men
in the related industries in which many of the members work.
AIG initiatives to support gender diversity and inclusion for
carers involve members being able to retain involvement with
AIG activities. Members can also request a membership sub-
scription concession for up to three years while undertaking
parental duties and are eligible for concessional registration
for AIG events. AIG’s Code of Ethics has also been reviewed
to ensure the use of gender-neutral language.

If membership of these professional societies can be
taken as a proxy for women’s representation in Earth sci-
ences in Australia (cf. Vila-Concejo et al., 2018) then
women represent only around 15 %—-20 % of the total work-
force across academia, industry and government. With likely
slightly greater representation of women in Earth Science in
academia (~ 25 % indicated by the ARC Earth Science FoR
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code). From an employment survey in 2018 (Waltho, 2019),
AIG estimated that 85 % of Australian geoscientists are men,
with fewer women than men working in the mineral explo-
ration sector compared to other sectors. This may be due to
the non family-friendly aspects of being away from home in
remote areas for significant periods of time. The 2018 survey
showed that there were more women than men working in
metalliferous mining, energy exploration, government, engi-
neering geology, industrial minerals and environment sectors
(Waltho, 2019). An assessment of gender representation in
the membership of six worldwide coastal geoscience and en-
gineering societies showed female representation varied be-
tween 15 % to 45 % (Vila-Concejo et al., 2018).

In New Zealand, the Geoscience Society of New Zealand
(GSNZ) supports the advancement of geosciences in New
Zealand. There are currently more than 700 members, an
elected national committee, eight branches and a number of
subcommittees and special interest groups. Membership is
open to anyone with an interest in geosciences. The Soci-
ety holds a conference in a different part of New Zealand
every year, presents annual awards, and publishes a newslet-
ter every four months. The current national committee for
GSNZ is made up of 6 female and 9 male members, with a
male president and female vice-president (http://www.gsnz.
org.nz/information/national-committee-i-2.html, last access:
11 February 2020). There are currently no special interest
groups or subcommittees under the GSNZ led by females.
Four out of fourteen on the sub-committee for the Fossil
Record Electronic Database (FRED) are female, and three
out of ten on the sub-committee for Geoheritage are female.

Professional association awards

An important service that professional associations provide
is external recognition through awards that promote stan-
dards of high quality. Awards provide a multitude of career
benefits by increasing the external visibility and credibility of
award recipients, important in promotion, job and research
grant applications. Therefore, the recognition of women in
such awards is vital for the retention and career progression
of women in the workforce. The GSA and GSNZ provide a
number of national or general awards as well as other spe-
cialists awards or grants. An assessment of gender represen-
tation in national and general GSA and GSNZ awards since
their respective establishment is displayed in Fig. 5 and pre-
sented in Tables 1 and S3. Of the five national GSA awards
that have been awarded to 47 people, only two (4 %) have
been awarded to women, in 2002 and 2016. Three of the
five awards have never been presented to a woman. This per-
centage is well below the current representation of female
members in the society of 23 % (Table S2). Table S3 also
shows that all past GSA awards named in honour of a person
are all named in honour of men. In recognition of the need
to do more to support women and those at early-mid career
stages, the GSA has recently established two new awards:
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Figure 5. Gender representation in GSA and GSNZ national
awards by proportion with the number of recipients indi-
cated. The letter on the right-hand side indicates whether the
award is named in honour of a male (“M”) or female (“F”).
Note that none of these awards were named in honour of
a woman. Data taken from the respective society websites
for GSNZ  (https://www.gsnz.org.nz/awards-and-recognition/
past-award-recipients/, last access: 9 September 2020) and
GSA  (https://www.gsa.org.au/Public/Recognition_and_Awards/
National_Awards/Public/Recognition_and_Awards/Awards.aspx?
hkey=d9641bb1-{f9c-4f5e-813c-7eb063a80958, last access: 24
Feburary 2020).

the Garry Davidson award and the Beryl Nashar GSA medal,
which will be awarded for the first time at the 2021 Aus-
tralian Earth Sciences Convention. The Beryl Nashar medal
is the first geoscience award in Australia or New Zealand to
be named in honour of a female scientist and serves to recog-
nise the achievements of female Australian geoscientists at a
national level.

The five GSNZ awards considered show, on average,
higher female representation in awardees than the GSA
awards listed, with 25 women receiving awards out of 136 to-
tal awards (18 %) but this is still far from equity. The highest
number of female awardees for an individual award (45 %)
was for the Kingama Award which is presented to the most
outstanding New Zealand Earth Science technician of that
year (Tables 1 and S3). The GSNZ awards detailed in Ta-
ble S3 are all also named after or in honour of men (where
applicable).

Gender inequity in awards is not unique to GSA and
GSNZ. For example, the Geochemical Society’s V. M. Gold-
schmidt award recognising major achievements in geo-
chemistry or cosmochemistry has been awarded annu-
ally since 1972 with only four women receiving the
award (in 2006, 2015, 2016 and 2017) out of a to-
tal of 48 awards presented (https://www.geochemsoc.org/
honors/awards/vmgoldschmidtaward, last access: 24 Febu-
rary 2020).
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Most award processes involve nomination, panel assess-
ment and selection. Implicit biases impacting women and
other underrepresented groups in the latter two stages can be
improved with unconscious bias training, gender balance on
selection committees and improved consideration of career
disruptions. Improving the gender balance in nominations
is seen as one of the largest hurdles to overcome in order
to improve gender equity in awards (Mukasa, 2009; Jaynes
et al., 2019). Solutions include active solicitation of eligi-
ble and competitive women by the society committee and its
members. Towards this goal the #NominateHer movement
is being highlighted by organisations such as Science and
Technology Australia to “celebrate inspiring, capable women
across the country” in Australia.

7 The role of women-focused geoscience networks

When considering solutions to gender inequity in the work-
force it may seem contradictory at first to purposefully es-
tablish women-focused networks where membership is dom-
inantly of one gender i.e., highly gender imbalanced. How-
ever, women-focused networks provide a safe place to share
experiences and advice specific to the challenges women face
in the workforce. A collective of like-minded people with the
same goal to increase gender equity and opportunities and ca-
reer progression for women also provides a stronger voice to
advocate for change. A study looking at the relationship be-
tween graduate students’ social networks and placement into
leadership positions suggested that women achieving high-
placing leadership roles had broad networks (like men did)
but additionally, had a close circle of other women (Yang et
al., 2019).

In geosciences, a number of international, national and in-
stitutional women-focused geoscience networks have been
established with a variety of initiatives that include mentor-
ship programs, networking events, online resources, awards
and grants, building role models and increasing the visibil-
ity of women in geoscience (Table 2). Membership is free
for some but others require subscriptions and networks are
largely inclusive, meaning that members beyond women in
geoscience careers are welcome. The international Women
in Mining (WiM) network (https://internationalwim.org/, last
access: 11 February 2020) is one of the largest with over
10000 members in over 100 countries and supporting over
50 more local independent WiM associations including those
in Australia and New Zealand (Table 2). The international,
but U.S.-focused, Earth Science Women’s Network (ESWN)
began informally in 2002 and officially launched as a non-
profit entity in 2014 (https://eswnonline.org/, last access:
7 February 2020). The network is dominated by graduate stu-
dents and postdoctoral researchers and aims to “promote ca-
reer development, build community, provide informal men-
toring and support, and facilitate professional collaboration
amongst women scientists”. One of the most recently es-
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Table 2. Selected women-focused and women-led geoscience and related networks at international and national levels. “n/a” means not applicable.

Name Reach Year Aim Membership Website (last access: 18 May 2020) Social Media
Established

500 women International 2016  Network of women, minorities, immigrants, people Free https://500womenscientists.org/ Twitter and Facebook: @500womensci;

scientists with disabilities, and LGBTQIA. Medium: @500womenscientists

AAPG Women’s International A special interest group made up of men and women AAPG membership: https://www.aapg.org/ Facebook:

Network who are dedicated to promoting the technical and pro-  Student — USD 10 womens-network @AAPGWomensNetwork; @ AAPG_WN;
fessional prowess of AAPG’s women members in geo-  per year; Associate LinkenIn: https://www.linkedin.com/
sciences and the Energy Industry. Previously known as  — USD 125 per year; showcase/aapg-womens-network/
PROWESS. Member — USD 125

per year

Association for International 1977  The Association for Women Geoscientists is an interna-  Individual membership  http://awg.org/index.php Facebook: @ AWGeoscientists

Women tional organisation devoted to enhancing the quality and ~ from USD 5-100 per Twitter: @ AWG_org

Geoscientists level of participation of women in geosciences and to  year depending on your
introduce girls and young women to geoscience careers.  level.

Membership is open to anyone who supports AWG’s  Lifetime memebrship
goals. discount available.

Earth Science International An international peer-mentoring network of women in  Free https://eswnonline.org/ Twitter: @ ESWNtweets;

Women’s Network the Earth Sciences, many of whom are in the early Facebook: @ESWNonline;
stages of their careers. Their mission is to promote ca- Instagram: @geosciencewomen
reer development, build community, provide opportuni-
ties for informal mentoring and support, and facilitate
professional collaborations.

GeoLatinas International 2002  GeoLatinas are an inclusive, member-driven organisa-  Free https://geolatinas.weebly.com/ Twitter: @GeoLatinas;
tion. Their mission is to empower, embrace, and in- Facebook: GeoLatinas @GeoLatinasFace;
spire Latinas to pursue and thrive in careers in Earth Instagram: geolatinasinsta
and Planetary Sciences.

SEG Women’s International 2011 A community hosted by the SEG Women’s Network Free https://seg.org/News-Resources/ Twitter: @ SEG_Women;

Network Committee to raise awareness of and find solutions for Womens-Network Facebook: @ SEGWNstudents,
the challenges women encounter in applied geophysics. https://www.facebook.com/groups/

SEGWomen/;
Instagram: @seg_women

Women Doing International 2018  Telling the research stories of women doing science. n/a https://twitter.com/WomenDoingSci Twitter: @ WomenDoingSci;

Science Instagram: @women.doing.science

Women in coastal International Aiming to inspire, support and celebrate women at all ~ Free http://womenincoastal.org/

geoscience and stages of their careers, through networking, mentoring,

engineering and pushing for equal representation and opportunities.

Women in International 2013  Promote the education, professional development, and  Free https://wing.wildapricot.org/ Twitter: @ WING_geothermal;

Geothermal advancement of women in the geothermal community. Facebook: https://www.facebook.com/

groups/womeningeothermal/;
LinkedIn: https://www.linkedin.com/
groups/7466559/

Women in GIS International 2012  Women in GIS (WiGIS) is an international, profes- Free 1 year; Student: https://womeningis.wildapricot.org/ Twitter: @womeningis;

sional, and social organisation, as well as an advocacy
group for women and their allies. The aim of WiGIS is
to serve as a safe place for women from all geospatial
fields to work towards overcoming job discrimination,
lower pay, professional isolation, and other common
barriers women might face, and foster relationships and
resource sharing among members and institutions.

USD 20 per year;
Professional USD 40
per year

Facebook: @womeningis
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Table 2. Continued.
Name Reach Year Aim Membership Website (last access: 18 May 2020) Social Media
Established
WIMnet VIC Australia 2009 Represents the interestes of women in the mining and  Free https://ausimm.com/community/ Twitter and Facebook: @ WIMnetVic
resources industries and works to shape the industry of women-in-mining-vic/ Instagram: @wimnet_vic
tomorrow
Women in oil and Australia 2013  An organisation committed to promoting diversity, and  Free 1 year; Student: https://www.womeninoilandgas.com. Twitter: @ WomenOG;
gas the career advancement of women, in the oil and gas  AUD 50 per year; au/ Facebook: @womeninoilandgas;
industry in Australia. Professional AUD 125 LinkenIn: https://www.linkedin.com/in/
per year womeninoilandgas/
Women in research  Australia 2019  Website with a wide range of resources covering: man-  n/a https://www.womeninresearch.org.au/  Facebook: WomenInResearchAU
aging you, managing your career, mentoring and man-
aging others, gender equality, stories, surveys, a blog
Women in Australia Works together with government, industry and commu-  Free http://www.wir.org.au/ Facebook: @ WomeninResourcesInc
Resources Inc. nity organisations to champion initiatives such as talks Instagram: @ntwomeninresources
(WiR) (based in and networking events primarily aimed at bringing to-
NT) gether women in varied job roles from all areas of the
primary resources industry.
Women in Australia Shaping the future for the SA resources sector, by re-  Free https://www.linkedin.com/company/
Resources SA alising the benefits of increased participation, retention women-in-resources-sa
(WinRSA) and advancement of women in the energy and resources
industries.
Women in Australia A diverse community of passionate people collaborat-  Free https://womeninminingqueensland. Facebook:
mining and (Queens- ing to connect, nurture and support women to achieve com/ @WomenInMiningAndResourcesQueensland;
resources land) their goals within the Queensland minerals and energy
Queensland sector, and a thought-leader reference group, which in- Twitter: @ WIMARQ_AU;
fluences the sector to improve gender diversity and in- LinkenIn:
clusion outcomes. https://www.linkedin.com/company/
women-in-mining-and-resources-queensland/;
Instagram: wimarq_au
Women in mining ~ Australia 2003  To encourage women in Western Australia to increase  Free https://womeninmining.com/ Twitter: @ WomenInMiningWA;
and resources (Western their presence in the mining industry, provide a strong Facebook: @WomeninminingWA;
Western Australia  Australia) network, and for the resources sector to be proactive in Instagram: @womeninmining;

attracting and retaining women.

LinkenIn: https://www.linkedin.com/in/
wimwa-events-45b19a162/;
Vimeo: https://vimeo.com/wimwa
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tablished, international geoscience women’s network is Ge-
oLatinas, an inclusive, member-driven network aiming to
“embrace, empower and inspire Latinas to pursue and thrive
in careers in Earth and Planetary Sciences”. GeoLatinas was
launched in 2019 and currently has 156 members in 24 coun-
tries (at 7 February 2020; https://geolatinas.weebly.com/, last
access: 7 February 2020).

Within Australasia, the majority of women-focused geo-
science networks serve a particular niche and are industry-
focused, e.g., The Australasian Institute of Mining and Met-
allurgy (AusIMM) Women in Mining Network (WIMnet)
with state groups in NSW, SA, TAS and VIC, Women in Min-
ing Western Australia (WIMWA), Women in Mining New
Zealand, Women in Oil and Gas, and Women in Resources
(WiR) (see Table 2), providing networking events, mentoring
programs and annual summits. In 2019, The Women in Sus-
tainable Development Program (WiSP) was launched in 2019
by the Geoscience, Energy and Maritime Division (GEM)
of The Pacific Community (SPC), focused on career devel-
opment, mentoring and leadership of women in the Pacific
Islands and Territories. To fill the void of women-focused
geoscience networks at regional, national and international
level within Australasian countries for women in academia
and governmental organisations, the Women in Earth and
Environmental Sciences Australasia (WOMEESA) network
was launched on International Women’s Day in March 2018.
WOMEESA’s overall goal is to create a unified Australasian
network of women working in Earth and Environmental Sci-
ences across academia, government and industry, to encour-
age networking and increased collaboration between sec-
tors. The idea for the network arose during the inaugural
Dorothy Hill Women in Earth Science Symposium held at
the University of Queensland in November 2017. A sym-
posium that provided a platform for career development for
the geoscience community in Australia, with a particular fo-
cus on celebrating and promoting female geoscientists across
different sectors. In May 2020, WOMEESA had 499 mem-
bers from 14 countries (several outside of Australasia), 94 %
of which identified as female. Membership is comprised of
women at a range of career stages: Undergraduate Student
(13 %), Masters Student (8 %), PhD Student (20 %) Early Ca-
reer (24 %), Mid-Career (23 %), More than 15 years of expe-
rience (9 %) and Other (3 %). WOMEESA is dominated by
members from academia, who constitute 59 % of the mem-
bership, with 16 % industry employed members, 14 % gov-
ernment employed members and 11 % other (Fig. 6). The
large number of academic members likely reflecting the lack
of existing women-focused networks at a regional or national
level in academia in Australasia.

A survey of WOMEESA members in March—April 2018
(120 respondents) indicated that members were most in-
terested in networking and scholarship/grant opportunities
(over 90 % of respondents), mentoring programs (80 % of re-
spondents), and conferences and awards (~ 70 % of respon-
dents). The survey also highlighted that only 33 % of respon-
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Figure 6. Career stage and area of employment of the 458 WOM-
EESA members at January 2020.

dents had a formal mentor, 28 % had no mentor at the time
of the survey and 71 % were not a mentor themselves. The
limited mentee roles of members indicates that more could
be done through mentoring to support the career progression
and retention of women, and feed the leadership pipeline of
women in geosciences in Australasia.

WOMEESA has led a number of initiatives to date, fo-
cused firstly on networking and mentoring aspects via a
series of formal workshops and informal social events. Its
online blog and member spotlight features help to create
role models, share experiences and provide useful resources.
WOMEESA Team members successfully advocated for on-
site childcare provision at the Australian Geoscience Coun-
cil Convention (AGCC) in 2018. WOMEESA collaborated
with the Australian Society for Exploration Geophysicists
(ASEG) in October 2018 to provide a joint written sub-
mission to the Australian Government’s Women in STEM
decadal plan. WOMEESA has designed do-it-yourself busi-
ness cards to facilitate networking of WOMEESA members
at conferences, particularly for postgraduate students and
those in the early stages of their careers who might not have
access to business cards. WOMEESA hand-drawn baby one-
sies were also created to raise awareness of the need for on-
site childcare at conferences.

While there are fewer women than men in academia over-
all, the proportion of women on conference panels and as in-
vited speakers is disproportionately low (e.g., Vila-Concejo
et al., 2018). As gender equity has become of greater con-
cern in universities, conference and workshop organisers
commonly face criticism about the gender imbalance of in-
vited keynote speakers and panellists who are often male-
dominated, especially since attendees are commonly close to
gender parity (e.g., @ManelWatchAU on Twitter). Organis-
ers frequently report that they tried to get female representa-
tion but failed, or else that there are no women at a suitable
level within the discipline. Disproportionate representation
of women is also seen in applicants for academic jobs, where
the proportion of female applicants is commonly < 30 % and
sometimes < 10% (Ceci et al., 2014). Chairs of selection
committees are sometimes asked to improve diversity of their
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applicant lists, to which they often reply that they have ex-
hausted their networks and known potential applicants but
the women are just not there.

An outcome of a 2018 WOMEESA AGCC workshop was
the proposal to build a searchable database of women work-
ing in Earth and Environmental Sciences in Australasia to
increase the visibility of women and assist potential employ-
ers, conference and workshop organisers, seminar program
chairs, the media etc. to find suitable women looking for
particular opportunities. Therefore, in 2019, a database of
earth and environmental women scientists was created. At-
mospheric scientists were also included in the database due
to the environmental and climate focus of their work, as
well as their interest in being involved. As of May 2020,
there were 238 women listed in the database (Table S4).
At present the database is downloadable from the WOM-
EESA website as a spreadsheet (https://www.womeesa.net/
database, last access: 18 May 2020). WOMEESA suggests
that the database be adopted as a consultancy tool employed
routinely in university departments, industry and government
as part of the process of organising a conference or advertis-
ing a position. In 2019, the Australian Academy of Science
launched STEM Women (https://www.stemwomen.org.au/,
last access: 11 February 2020), a similar database to WOM-
EESA’s providing women looking for a range of career-
progressive opportunities and providing additional visibility
for Australian women geoscientists.

In addition to top-down and institution-driven initiatives,
women-focused networks can play a key role in providing
a supportive networking environment, that indirectly and di-
rectly assist career development and retention of women in
the geoscience workforce, along with providing a unified
voice to advocate to improve gender equity. However, few
data are publicly available measuring the impact of women’s
geoscience networks across Australasia.

8 Initiatives and solutions to addressing gender
inequity in Australasian STEM and geoscience fields

This study highlights that systemic, societal changes and im-
proved laws are needed in several Australasian countries to
protect and support women. These societal changes are likely
to take significant time to achieve, such as elimination of
sexual harassment and gender-based violence in the commu-
nity and workplace, greater access to and take up of parental
leave and flexible work for men in the workplace, gender-
equal share of household work and carer responsibilities, and
the removal of conscious and unconscious biases. Without
these changes gender equity in STEM and geoscience will
be harder to achieve across Australasia as a whole.

In recent years, there have been a large number of initia-
tives aimed at improving gender equity in the STEM work-
force and in leadership roles. A few examples from Australia
and New Zealand are provided below as a means to share

Adyv. Geosci., 53, 205-226, 2020

current approaches and practices to stimulate further discus-
sion and ideas. The path to lasting change in gender equity
starts with the commitment and accountability of leaders in
creating gender inclusive workplaces. Examples of innova-
tive leader-driven initiatives to address gender equity and the
career advancement of women in Australasia include the for-
mation of the Male Champions for Change (MCC) to engage
influential male leaders to take action on gender inequity that
achieves change. The MCC initially formed in 2010 with
eight Australian leaders and now comprises fifteen groups
and over 230 leaders in Australia. The MCC and Chief Ex-
ecutive Women, a group of women leaders striving to en-
able other women leaders (founded in 1985), joined forces to
develop The Leadership Shadow model (Australian Human
Rights Commission, 2014). The model is designed to assist
every leader to become a champion of diversity and inclusion
by providing a practical framework to evaluate their own ac-
tions and impact. It consists of four elements: (1) What I say,
(2) How I act, (3) What I prioritise, and (4) How I measure,
and suggests actions and behaviours to improve gender bal-
ance within organisations.

In alignment with the Workplace Gender Equality Act
(Australian Government, 2012) in Australia, organisations
can apply for the WGEA Employer of Choice for Gender
Equality (EOCGE) citation (that replaces the earlier “Em-
ployer of Choice for Women” citation), which is designed
to encourage, recognise and promote active commitment
to achieving gender equality in Australian workplaces. The
WGEA EOCGE 201819 round focused on recognising or-
ganisations strengthening their accountability in regard to
their formal gender equality strategy. 2018—-19 EOCGE ci-
tation holders included 19 universities and university-related
entities (13 %) out of a record number 141 organisations with
26 first-time recipients. The 2019-2020 round which placed
greater emphasis on accountability, evidence of outcomes
and internal reporting in the eligibility criteria and recog-
nised 119 organisations, with 14 first-time recipients and in-
cluded 13 universities and university-related entities (11 %)
plus one mining organisation. A recent study by the Uni-
versity of Queensland and the WGEA report that employ-
ers with citations are closing their gender pay gap at a faster
rate (9.2 % drop) than other reporting organisations (3.7 %
gap drop) in the period 2013-2014 to 2017-2018 (Fitzsim-
mons et al., 2020). The report also shows that organisations
with EOCGE citations have higher representation of women
at all levels of management. Although, it is not entirely an
inclusive scheme with an annual fee at the time of writing of
AUD 1950.

Within the higher education and research sector, major ad-
vances in the removal of structural barriers to gender eq-
uity are being made through the Universities Australia Ex-
ecutive Women’s Group (UAEW) established in 1994 (for-
mally Australian Colloquium for Senior Women Executives
in Higher Education) that address issues related to gen-
der imbalance of academic and professional women in se-
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nior leadership roles within universities through a rolling
action plan. Progress is also being made to reduce gender
inequity through engagement with initiatives such as the
Athena SWAN Charter (UK and Ireland), and Australia’s
Athena SWAN-based, Science in Australia Gender Equity
(SAGE) pilot program partnered by the Australian Academy
of Science and the Australian Academy of Technology and
Engineering. Such schemes require commitment from uni-
versity and research leaders to support and resource their re-
spective institutes to lead an evidence-based evaluation of
policy, practices and cultural change to drive gender eq-
uity and diversity. Examples of systemic changes achieved
through engagement in these programs include: the over-
haul of academic promotion schemes to create more flexible
career pathways, the implementation of improved parental
leave and flexible work policies and procedures, the estab-
lishment of new academic job types, and unconscious bias
training for hiring panels. In the UK, change to a more pos-
itive culture in medical sciences is attributed to policy in-
troduction and clear expectations by the National Institute
for Health Research (NIHR) linking research funding sup-
port to Athena SWAN commitment and outcomes (Ovseiko
et al., 2019). Complementary to the SAGE pilot program in
Australia, The Women in STEM Decadal Plan is creating a
10-year road map to lead to a sustained increase in participa-
tion and retention of girls and women in STEM subjects and
careers. The Decadal Plan was launched in April 2019 by
the Australian Academy of Science in collaboration with the
Australian Academy of Technology and Engineering at the
request of the Australian Government (Australian Academy
of Science, 2019). The initiative has engaged diverse stake-
holders in national consultation via written submissions, in-
terviews and workshops.

In 2016, a national working group for diversity and equity
decided not to adopt the Athena SWAN model within the re-
search community/tertiary sector to address gender inequity
in New Zealand. In 2018, The Royal Society Te Aparangi set
up Te Kauhuahua as an advisory group who monitor progress
on commitments made in the Society’s diversity policy. In
New Zealand, current national initiatives focus on empower-
ing and supporting women through The New Zealand Uni-
versities Women in Leadership Program (NZUWiL), which
constitutes residential programs designed to support aca-
demic and professional current and future women leaders
within the Tertiary Sector. The New Zealand Association for
Women in the Sciences (AWIS), was founded in 1985 to ad-
dress conscious and unconscious bias, develop careers and
ensure work-life balance through advocacy, networking and
learning events. The association also offers awards and schol-
arships for women in science.

Cohen (2018) summarises some of the changes that need
to be made in order to encourage more women to participate
in STEM subjects at all levels of education. Increasing the
visibility of women is one of the most significant changes
that can be implemented across the board to help combat
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stereotypical views of what a scientist looks like (Miller et
al., 2018). A study in 2018 found that the numbers of students
pursuing a career in geosciences approximately doubled for
every role model they identified (Hernandez et al., 2018). It
is worth noting that role models in science do not necessar-
ily have to be gender-matched, studies have shown that it is
more important that the scientists are able to establish con-
nections, show passion for their work, convey the “wow” fac-
tor and be innate teachers (Farland-Smith, 2014). To increase
female STEM role models in Australia and inspire the next
generation of scientists, Science and Technology Australia
created the Superstars of STEM Program in 2017. The pro-
gram selects a number of female scientists, technologists and
engineers from variety of ethnic backgrounds that are work-
ing in STEM-careers across academia, industry and govern-
ment. The Superstars visit schools across Australia to give
school talks, community events and engage directly with the
students to encourage them to consider a science career.

Quotas or women-only employment positions are seen as
one solution to reduce gender inequity but often encounter
backlash from both women and men, as men feel excluded
and women wish to be employed based on their merit.
Women-only academic STEM and geoscience positions were
recently advertised at the University of Adelaide and the Uni-
versity of Tasmania as a direct approach to address gender
inequity in staffing profile. Such exclusive positions could
likely be avoided if universities were proactive in cultivating
the initial application pool by accessing databases of women,
such as the WOMEESA and STEM Women databases to
search for suitably qualified applicants and invite them to
apply. Institutions should also ensure to use gender-neutral
language when writing job advertisements to avoid gender
bias (Government of South Australia, 2017).

9 Conclusions and recommendations

Despite the presence of national policies and strategies
on gender equity throughout many Australasian countries,
women continue to face significant discrimination and ha-
rassment within society and the workplace. Women remain
underrepresented in traditional male-dominated STEM ca-
reers including geoscience across the region. Achievement
of gender equity will require the continued commitment and
accountability from all stakeholders and at all levels to make
change, in particular from leadership and by government.
The barriers to women’s career progression and retainment
are numerous and there are a multitude of initiatives exem-
plified at different levels throughout Australasia striving to
make a difference through innovative solutions. Mechanisms
now need to be in place to measure the impact of gender
equity initiatives through data collection and surveys to as-
sess which approaches are most effective and sustainable in
increasing gender equity (e.g., Kingsley, 2020). This can be
challenging, as the impact is likely not immediately measur-
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able, but change occurs directly and indirectly over many
years. Sharing best practise of evidence-based approaches
that have had demonstrated positive outcomes will be bene-
ficial, like that undertaken through the engagement of higher
education and research institutions with the SAGE Pilot in
Australia. Recent assessment of the impact of the WGEA
EOCGE citation has shown that engagement in initiatives
in which equity and equality gender policies and strategies
are embedded at high levels of organisations that make a
clear commitment to change leads to more rapid improve-
ments in gender equity. A recent paper by Vila-Concejo et
al. (2018) provided recommendation of seven practical steps
to improve gender equity in coastal geoscience and engi-
neering that are also applicable to geosciences more broadly:
“(1) Advocate for more women in prestige roles; (2) Pro-
mote high-achieving females; (3) Create awareness of gender
bias; (4) Speak up; (5) Get better support for return to work;
(6) Redefine success; and, (7) Encourage more women to en-
ter the discipline at a young age.”. Further recommendations
to improve gender equity in geosciences in Australasia are
provided below.

9.1 Greater data needed on why women leave
geosciences in Australasia

This study presents a snapshot of current gender inequity in
geoscience in Australasia within government, academia and
professional associations. Despite a good understanding of
the barriers to women in STEM careers, there is relatively lit-
tle data available from women in geosciences in Australasia
who have left the system (the “leaky pipe”) on why they left.
Quantitative and qualitative surveys providing this informa-
tion would help to focus initiatives to improve the retention
and career progression of women in Australasia.

9.2 Rethinking recognition

The new awards created by GSA will assist in increasing the
number of women award recipients and we recommend that
all professional associations in geosciences should re-think
how we provide recognition and reward excellence to im-
prove diversity and equity in awardees, learning from the ap-
proaches taken by other disciplines on this matter (e.g., Royal
Society of Chemistry, 2019).

9.3 Raise the visibility of women through open-access
databases

The WOMEESA Database of Women in Earth, Environmen-
tal and Atmospheric Sciences provides an important resource
to address a number of gender inequity and inequality issues
in Australasia, such as poor gender balance in invited speak-
ers and panellists. It also serves to address reliance on the
same women to fulfil roles and reduce service workload over-
load by increasing the visibility of other women with similar
skills and experience. The database also addresses the un-

Adv. Geosci., 53, 205-226, 2020

derrepresentation of women in STEM in the media by pro-
viding a list of women looking for particular media and out-
reach opportunities. We recommend greater promotion and
use of such databases by geoscience governmental organisa-
tions, professional societies and university schools and de-
partments in the region.

9.4 Greater promotion of the value of mentoring and
provision of inclusive mentoring programs

The lack of WOMEESA members without formal or infor-
mal mentors identifies that we need to be doing more within
geosciences to ensure that all women have access to men-
tors (male or female). Many mentoring systems are designed
“top-down” with the responsibility of the mentor role falling
on the limited number of women in higher level positions,
which also produces additional service-gendered stress on
women. Furthermore, over the last decade the workplace
environment has changed significantly for women, and so
the potential generational gap between mentor and mentee
may mean that the challenges faced by mentors in the past
are not as relevant to younger mentees today. We suggest
to remove the often “default” hierarchal structure of men-
toring programs and promote horizontal mentoring (e.g.,
Karukstis, 2010; McDaugall and Beattie, 1997). Mentors
and mentees/mentors could be matched with 2 to 4 others
based on explicit skills or experiences that mentors can offer
or, that mentees are looking for, regardless of career status.
For example, a PhD student may have worked for 6 years
in the mining industry before commencing PhD research in
academia and so be excluded as a mentor in normal mentor-
ing programs despite having significant experience in indus-
try. In this way, by each mentor/mentee being linked to sev-
eral others, there is potential for greater network expansion
for the individuals.

9.5 Eliminate and actively address everyday sexism
and harassment in geosciences: Field trip code of
conducts

Awareness of casual sexism in geoscience is increasing via
innovative, grassroots-approaches such as the “Did This Re-
ally Happen” initiative. However, more needs to be done to
address sexual harassment and assault during fieldwork, an
important component of most geoscience degrees and ca-
reers, which predominantly occurs against women. We rec-
ommend an across sector introduction of specific fieldwork
codes of conduct, in addition to standard organisational con-
duct codes, detailing clearly what constitutes misconduct and
how to make an anonymous complaint (to people in addition
to the field trip staff) if misconduct is experienced. All field
trip attendees, including staff and management, should sign
an agreement on every field trip with clear and firm conse-
quences if the agreement is breached.
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9.6 [Engage all the geoscience community to create
sustainable change

Greater support and engagement from males in addressing
gender inequity is a key component in creating and foster-
ing long term, sustainable change (e.g., Male Champions of
Change). The success of the initiatives and recommendations
outlined in this paper is dependent in the long term on the en-
gagement of the wider geoscientific community. Therefore,
we recommend increased gender equity-focused initiatives
that aim to engage diverse audiences and embed gender eq-
uity targets through policy at all levels of management. In
this study, we have concentrated on gender, in part due to the
availability of data. We recommend future studies also focus
on intersectionality (e.g., Nifiez et al., 2020), for which there
is limited data currently available.
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