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Abstract. The geosciences are one of the least diverse dis-
ciplines in the United States, despite the field’s relevance to
livelihoods and local and global economies. Bias, discrimi-
nation, and harassment present serious hurdles to diversify-
ing the field. These behaviors persist due to historical struc-
tures of exclusion, severe power imbalances, unique chal-
lenges associated with geoscientist stereotypes, and a cul-
ture of impunity that tolerates exclusionary behaviors and
marginalization of scholars from underserved groups. We
summarize recent research on exclusionary behaviors that
create hostile climates and contribute to persistent low reten-
tion of diverse groups in the geosciences and other science,
technology, engineering, and mathematics (STEM) fields.
We then discuss recent initiatives in the US by geoscience
professional societies and organizations, including the Na-
tional Science Foundation-supported ADVANCEGeo Part-
nership, to improve diversity, equity, and inclusion by im-
proving workplace climate. Social networks and professional
organizations can transform scientific culture through pro-
viding opportunities for mentorship and community build-
ing and counteracting professional isolation that can result
from experiencing hostile behaviors, codifying ethical prac-
tice, and advocating for policy change. We conclude with
a call for a reexamination of current institutional structures,
processes, and practices for a transformational and equitable
scientific enterprise. To be truly successful, cultural and be-
havioral changes need to be accompanied by reeducation
about the historical political structures of academic institu-

tions to start conversations about the real change that has to
happen for a transformational and equitable scientific enter-
prise.

1 Introduction

Geoscientists work on problems that affect the environment,
economy, and people’s livelihoods, including natural haz-
ards, energy, climate, water, and food security. Despite their
societal relevance to environmental challenges from local to
global scales, the geosciences remain one of the least di-
verse workforces in the United States and other countries.
In 2016, almost 90 % of US citizen graduate students in the
geosciences were white (Wilson, 2018). Black and African
American, Hispanic and Latinx, and Asian graduate stu-
dents are disproportionately underrepresented in the geo-
sciences compared to other science fields (Wilson, 2018).
Women make up 30 % of the science, technology, engineer-
ing and mathematics (STEM) workforce; in the geoscience
workforce, they make up only 24 % (Gonzales, 2019) and
hold 20 % of geoscience faculty positions (a gain from 14 %
in 2006) (Wilson, 2017, 2019). Women are predominantly
represented in the most insecure and lowest salaried levels,
making up a little over 40 % of US geoscience non-tenure-
track instructor and lecturer positions (Wilson, 2017). Black,
Hispanic, American Indian, Alaska Native, and Asian Pa-
cific Islander women together represent only 5 % and 7 % of
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US bachelor’s degrees and tenure-track faculty, respectively,
in the earth, atmospheric and ocean sciences (NSF, 2015). In
the UK, the Earth, Marine and Environmental Science cost
center for the Higher Education Statistical Agency reported
25 women out of a total of 350 professors (7 %) in 2006
(Burek and Higgs, 2007). Many efforts to increase diversity
in STEM disciplines have focused on recruitment (Hill et
al., 2010), following the popular “leaky pipeline” metaphor,
which projects that the low representation of people of color
and white women in higher-level professional positions can
be solved by increasing the number of individuals from these
groups in graduate programs and at entry-level positions.

The data show that recruitment efforts are not sufficient. At
the current rate, it will take at least 50 years to achieve gender
parity in the geosciences, despite almost 40 % of US Bach-
elor’s degrees going to women. The number of PhD degrees
in the earth, oceanic and atmospheric sciences conferred in
the US to students from underserved racial and ethnic groups
has not shown any gains in the last 40 years (Bernard and
Cooperdock, 2018).

The “leaky pipeline” metaphor fails to adequately cap-
ture the experiences of underserved scientists for several rea-
sons. It assumes, erroneously, that there is only one pathway
into a successful scientific career (Holmes et al., 2015). The
metaphor also implies that the attrition of people of color and
white women from STEM disciplines is a passive process
when in reality, documented forms of bias, discrimination,
harassment, and other exclusionary behaviors actively con-
tribute to low retention in the academic workforce (Cortina
et al., 2011; NASEM, 2018). Furthermore, by focusing on
“patching up the holes”, the leaky pipeline model deflects at-
tention from structural problems in academic and scientific
institutions. Holes that contribute to leaks of some groups
but not others are seen as consequences of a pipeline fail-
ure whereas a more thorough historical investigation (see Bu-
rek and Higgs (2007) for a history of women in geology in
the UK, for example) exposes institutional structures, poli-
cies, and cultures that contribute to the exclusion of multiple
groups from the STEM workforce.

A growing body of scholarly work documents academic
and research environments that produce workplaces hostile
to people of color, white women, those who identify as trans-
gender, genderqueer, or non-conforming, religious minori-
ties, academics with disabilities, and foreign-born or inter-
national scholars (Atherton et al., 2016; Bonistall Postell,
2015; Davis et al., 2015; Niemann, 2012; Sian, 2017; Cama-
cho and Lord, 2011). In the UK, 41 % of university students
experienced sexual misconduct from staff (National Union
of Students and the 1752 Group, 2018) and in the US, 59 %
of undergraduate women students experienced harassing be-
havior (Cantor et al., 2019). Sixty-two percent of staff in US
higher education reported experiencing or witnessing bully-
ing in the past 18 months (Hollis, 2015). The geosciences are
no exception. A survey of the Earth Science Women’s Net-
work found that 51 % of survey respondents had experienced

sexual harassment during their careers (Archie and Laursen,
2013). In the planetary sciences and astronomy, women of
color felt unsafe due to their gender and race (Clancy et
al., 2017). A UK survey of lesbian, gay, bisexual, transgen-
der, and queer (LGBTQ) scientists found that almost a third
had considered leaving the physical sciences due to negative
workplace experiences (Gibney, 2019).

Efforts to broaden participation in STEM are more likely
to have long-term impacts if they address conditions that cre-
ate hostile workplace climates. In this article, we describe
existing barriers to the diversification of the geosciences aca-
demic workforce to place current data for the US in a histor-
ical context and propose strategies for moving forward. We
highlight the role of social networks and professional organi-
zations in leading cultural change and introduce the US Na-
tional Science Foundation-funded ADVANCEGeo Partner-
ship that seeks to transform workplace climate through a
multi-tiered approach that includes workplace climate edu-
cation, bystander intervention, and consideration of harass-
ment, bullying, and discrimination under the ethical conduct
of research.

2 Research on bias and discrimination

Below we briefly summarize research from the geosciences
and other STEM disciplines to underscore that strategies to
broadening participation foremost need to address the mani-
festation of systemic bias and discrimination. A primary fo-
cus on addressing gender bias, to the detriment of attention to
race and ethnicity and other identities, likely explains current
trends in representation in the geosciences.

Bias manifests across the academic hierarchy, affecting re-
cruitment into early-career levels and leadership positions as
well as access to economic and material resources and op-
portunities for advancement. When evaluating identical ap-
plications for lab manager positions, faculty from research-
intensive universities in the US rated those with typically
female names as less competent, despite no difference in
qualifications (Moss-Racusin et al., 2012). Applicants with
typically male names were offered greater salaries and more
mentoring opportunities. An analysis of > 1200 recommen-
dation letters for applicants to US geoscience postdoctoral
fellowships revealed quantitative and qualitative differences
based on the applicant’s gender (Dutt et al., 2016). All ref-
erees, regardless of gender, wrote longer letters that high-
lighted more leadership qualities and ground-breaking con-
tributions for male applicants. Another study revealed gender
and racial bias by faculty evaluating postdoctoral candidates
in physics and biology (Eaton et al., 2020). A survey of new
principal investigators in the UK found gender disparities in
starting salaries, start-up funding, and teaching and admin-
istrative loads (Acton et al., 2019). An analysis of allotment
of telescope use at a European observatory found that ratings
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of user proposals differed by gender of the reviewer (Patat,
2016).

Observed differences in the representation of people of
color and white women in more senior leadership positions
in the geosciences are not solely an artifact of historical
trends in recruitment. In an international study of coastal geo-
science and engineering, women were underrepresented in
prestigious roles, including journal editorial positions (Vila-
Concejo et al., 2018). Only 3.8 % of invitation-only commen-
taries on earth and environmental research in the prestigious
journal Nature were authored by women (Conley and Stad-
mark, 2012). In the geosciences, women receive fewer jour-
nal referee invitations (Lerback and Hanson, 2017). Racial
and ethnic minoritized geoscientists are invited to give fewer
talks at conferences (King et al., 2018; Ford et al., 2019).
Bias has also been documented more broadly in scientific
awards (Lincoln et al., 2012; Lunnemann et al., 2019) and
named professorships (Treviño et al., 2015). Bias affects ca-
reer advancement at all levels and perceptions of the effects
of bias in the earth and space sciences varies with gender, as
revealed by a recent global survey (Popp et al., 2019).

3 Beyond bias: hostile climates

Efforts to increase the representation of women in STEM, for
example, have focused on implicit bias awareness training
and outreach focused on getting young women interested at
earlier ages. The problem is not that women are uninterested
in science but that they are discouraged from pursuing STEM
early on. Those who enroll in science degree programs often
encounter hostile behaviors, in addition to other barriers (Ay-
cock et al., 2019; Settles et al., 2016). Harassment, bullying,
microaggressions, sexism, racism, homophobia, transphobia,
etc., are prevalent in academia. Some of these behaviors are
illegal in many countries and yet they continue to persist.
Others are not prohibited by law, yet still cause significant
harm to physical and mental health and career fulfillment.

Sexual harassment affects the retention, advancement, and
promotion of especially, yet certainly not exclusively, women
in science. More than 50 % of women faculty report ex-
periencing harassment from their peers, and 20 %–50 % of
women students report being sexually harassed by faculty or
staff (NASEM, 2018). Surveys from the UK (Gaind, 2018)
and Australia (Phillips, 2017) report similar findings. Gender
harassment, or gender-based hostility, aversion, and denigra-
tion, is particularly problematic because it is the most com-
monly experienced yet least identified and reported form of
sexual harassment (NASEM, 2018).

Insults and disrespectful verbal and non-verbal interac-
tions that demean persons from underserved groups or in-
validate people’s experiences because of their identity can
cumulatively create hostile workplace climates (Sue, 2010).
Researchers have documented the effects of gendered and
racialized microaggressions on faculty and students in STEM

(Camacho and Lord, 2011; Barthelemy et al., 2016; Leath
and Chavous, 2018; McGee, 2016; Yosso et al., 2009). Re-
peated experiences of microaggressions, which can occur
daily, negatively affect emotional well-being and mental
health as well as learning, engagement, and feeling a sense
of belonging and can contribute to the loss of diversity from
STEM (Cabay et al., 2018).

Cortina (2008) identified interpersonal mistreatment and
organizational hostility as a manifestation of gender and
racial bias. These behaviors further exclude racial and gender
minoritized groups from certain aspects of work life. Escala-
tions of hate and bias incidents and violence that reflect a
resurgence of nationalistic ideological movements in many
countries also contribute to hostile climates on university
campuses (Equality and Human Rights Commission, 2019;
Dutt, 2019; Mani, 2020).

Beyond gender: intersectionality and disproportionate
impact

A historic focus on diversity as one dimensional, e.g., bi-
nary gender, by STEM recruitment efforts has contributed
to the persistent exclusion of multiple groups from the geo-
sciences and other STEM disciplines. Black women earned
only 69 PhD degrees in the earth, atmospheric and oceanic
sciences from 1973 to 2016, compared to 163 by Black
men and over 5324 by white women (Bernard, 2018). Na-
tive American women earned 20 degrees in the geosciences.
White men earned 14 246 PhD degrees in the same fields.

Black feminist scholarship and critical race theory pro-
vide a useful lens to understand how persons at the inter-
section of multiple marginalized identities (e.g., gender, age,
race, ethnicity, ability, socioeconomic status, religion, na-
tionality or citizenship) are more likely than others to ex-
perience discrimination and exclusionary behaviors (Collins,
2015; Crenshaw, 1989, 1993; Yosso et al., 2009). Cren-
shaw (1993) first used the term “intersectionality” to describe
how African American women were inadequately protected
by non-discriminatory employment laws due to experienc-
ing both racism and sexism. By focusing on unequal power
distribution in society (Collins, 2015), intersectionality helps
reframe problems of underrepresentation and inequitable ex-
periences in STEM as functions of social injustice, not indi-
vidual or collective identities or characteristics.

Research guided by an intersectional framework reveals
disproportionate impacts of bias and hostile behaviors on
groups already underserved in STEM that provide insights
into current trends in representation. Sexual and racial ha-
rassment have interactive effects on psychological well-
being and occupational outcomes (Buchanan et al., 2009; Be-
nard, 2018). A survey of astronomy and planetary sciences
revealed that 40 % of women of color compared to 27 % of
white women felt unsafe in the workplace due to their gen-
der; 28 % of women of color felt unsafe due to their race
(Clancy et al., 2017). Women of color represented only 5 %
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of speakers whereas white women received 25 % of speaking
slots at one geoscience conference in Canada (King et al.,
2018). Transgender and gender non-conforming physicists
experienced greater hostility in their work environments than
cisgender men, and LGBTQ physicists of color faced greater
levels of discrimination than their white peers (Atherton et
al., 2016). In an example from Western Europe, Avraami-
dou (2020) explored how the experiences of an immigrant
physicist are shaped not only by gender but also by religion
and the broader socio-political context in the region.

4 Structural and cultural barriers contributing to low
diversity in the geosciences

Identifying structural and cultural barriers that contribute to
documented bias and hostile climates and to the persistence
of low diversity is key for enacting change. Many of these
factors are ubiquitous to academic STEM environments, in-
cluding historical legacies of exclusion, hierarchical power
differentials, institutional tolerance for abusive behaviors, as
well as assumptions about who is (and who is not) identified
as a scientist. Some of these can manifest in unique ways
in the earth sciences and related careers, through stereotypes
of geoscientists as field scientists and challenges associated
with training, research, and fieldwork outside the bounds
of academic institutions. To remove these barriers, multiple
strategies are needed with engagement from members of the
community across all levels, especially those in leadership
positions (e.g., St. John et al., 2016).

4.1 Historical legacies of exclusion

Actions to increase diversity, equity, and inclusion need to
start with an examination of the historical roots of contempo-
rary experiences of exclusion in academia and STEM specif-
ically. For example, women scientists were excluded from
field expeditions for centuries, and until the 1960s were not
allowed on research ship vessels in the US and Western Eu-
rope (Bonatti and Crane, 2012). Over their history, academic
institutions have excluded and sometimes continue to ex-
clude segments of society from pursuing higher education
and employment based on economic class, gender, race and
ethnicity, religion and citizenship.

Western science has a problematic history of exploit-
ing bodies of color for the accumulation of knowledge and
wealth, given strong ties between scientific research and
colonial enterprises (Wynn-Grant, 2019; Deb Roy, 2018;
Raby, 2017). Many US universities are built on capital from
the African slave trade (Harris, 2015). The public land-grant
system of universities in the US was built on expropriated
Indigenous land (Lee and Ahtone, 2020). These fraught re-
lationships continue today as highlighted by continued con-
troversies surrounding, for example, mineral and resource
extraction of indigenous lands globally and militarized re-

sponses to protests against the siting of astronomy observa-
tories on sacred land in Hawai’i (Fox and Prescod-Weinstein,
2019). In recent years, US universities have been forced to
reckon with their racist foundations in slavery and plantation
economies in response to current political events and student
activism (Cahan, 2020; Doerer, 2018). Racist segregationist
policies implemented post World-War II slowed the diversi-
fication of academic institutions; their impact remains today
(Minor, 2008).

The siloing of academic disciplines and isolation of STEM
from the social sciences contribute to a lack of acknowledg-
ment of the legacies of colonialism and white supremacy in
the academic enterprise and their continued effect on the par-
ticipation of diverse communities in science. The dominant
narrative of educational materials across disciplines champi-
ons scientists who had racist theories about human evolution
and society, for example, and erases the contributions of peo-
ple of color and other minoritized groups (Yacovone, 2018).
Growing recognition that continuing to ignore these histories
perpetuates their harm (Wynn-Grant, 2019) fuels calls to re-
design scientific education and include more diverse perspec-
tives into curricula from early childhood into graduate train-
ing programs (e.g., Arathi, 2019; Prescod-Weinstein, 2015).

4.2 Hierarchical power dynamics

Harassment, bullying, discrimination, and other exclusion-
ary behaviors are especially harmful in strongly hierarchi-
cal systems like academia, where large power differentials
exist within a number of relationships among faculty, stu-
dents, trainees, postdoctoral researchers, and staff. The com-
mon model of advisor-student or trainee relationship exhib-
ited in laboratories and research groups worldwide is remi-
niscent of the Medieval master-apprenticeship tradition, with
advisors controlling access to expert knowledge, specialized
equipment, data, professional networks, career opportunities,
and research funding. In the US STEM graduate education
model, funneling student financial support through principal
investigator grants renders it difficult to speak out against
abuses of power (Moss, 2018). An international survey of
> 6300 graduate students found that half of those bullied
during their Ph.D. training identified their supervisor as the
source and more than half feared repercussions if they spoke
out (Lauchlan, 2019).

Negative mentorship experiences have harmful effects on
people’s well-being and on the research enterprise. More
than a third of graduate students surveyed internationally
have sought help for mental health related to their PhD expe-
rience (Woolston, 2019). In another survey of > 2200 gradu-
ate students in 26 countries, negative mentoring experiences
were correlated with depression and anxiety (Evans et al.,
2018). Populations marginalized in STEM, e.g., racial and
ethnic minoritized groups, transgender people, also face in-
creased risks of anxiety and depression.
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A report from the US National Academies of Sciences
underscored the importance of intentional and inclusive
mentoring for positive personal and professional growth
(NASEM, 2019). The report recommends changes to insti-
tutional structures and cultures to better support commit-
ments to effective mentorship and adoption of collective or
group mentoring and mentoring networks (Montgomery and
Page, 2019), which can help diffuse power imbalances in the
more traditional one-to-one mentoring relationships, as well
as more independent funding support for students and early-
career researchers. In addition, universities need to destigma-
tize mental health and provide more support services.

4.3 Culture of impunity

A culture of impunity in academic STEM creates an envi-
ronment of tolerance for abuses of power and hostile behav-
iors. Existing professional rewards systems and structures for
career advancement, including the current tenure system in
the US, can disincentivize time spent on fostering collabora-
tive, positive workplaces, and good mentoring practices. This
harms the overall community and doubly affects those from
already minoritized groups who disproportionately shoulder
the burden of performing more academic service and emo-
tional labor (Guarino and Borden, 2017; June, 2015).

Current policies, procedures, and approaches are inade-
quate to reduce harassment, and similarly, other exclusionary
and hostile behaviors (NASEM, 2018). Institutions need to
increase transparency and accountability in their responses
to complaints and commit to more comprehensive cultural
change to improve workplace climate. A recent US analysis
of > 300 cases of sexual misconduct by faculty and univer-
sity administrators found a wide range of sanctions, includ-
ing many cases where none were imposed (Cantalupo and
Kidder, 2019). Consequently, > 50 % of the cases involv-
ing faculty analyzed by Cantalupo and Kidder (2018) were
cases of serial harassment, often bridging decades and mul-
tiple institutions. The example of sexual harassment, which
in the US is illegal, illustrates how other behaviors that also
create hostile workplace environments but may not be con-
sidered unlawful are allowed to persist.

4.4 What happens in the field, stays in the field

Fieldwork is an integral component of education, research,
and employment for many, but not all geoscientists. Field re-
search experiences can be defining moments in people’s ca-
reers, inspiring for many (Beltran et al., 2020), yet can also
be discriminatory and unsafe (Pickrell, 2020).

Fieldwork can present unique challenges that introduce
risk to personal and mental health and increased vulnerabil-
ity to hostile behaviors, especially for those with underserved
or marginalized identities (Gewin, 2015; Giles et al., 2020;
John and Khan, 2018). Field research may entail physically
exhausting workdays, unknown or unfamiliar risks, and haz-

ards, isolation from support networks, exposure to harsh en-
vironmental conditions, and unfamiliar language or cultural
norms. Compounding these challenges are blurred lines be-
tween work and personal lives that often accompanies shared
living situations and Vegas Rules (i.e., what happens in the
field, stays in the field). A survey of over 650 field scientists
revealed that 64 % of them had personally experienced sex-
ual harassment and over 20% had been sexually assaulted in
the field (Clancy et al., 2014). Those with negative field expe-
riences also reported career stalling, lateral career moves, or
leaving their line of work altogether (Nelson et al., 2017). In-
teractions with other people in the field can also create unsafe
environments, for example through manifestations of racism,
sexism, homophobia, and xenophobia.

Individuals who do not conform to the stereotype of the
able-bodied, white, cis-gender male rugged field scientist can
experience aggravated professional and social isolation in
the geosciences (Pickrell, 2020). Those with visible or in-
visible disabilities can feel marginalized by a culture that
emphasizes able-bodied-ness as a stereotype of a successful
geoscientist (Atchison and Libarkin, 2016). LGBTQ, inter-
sex and asexual scientists in the earth sciences and physical
sciences reported less disclosure of their queer identity, re-
flecting heteronormative societal assumptions in fields with
reduced gender diversity (Mattheis et al., 2019a; Yoder and
Mattheis, 2016).

Recognition of both the challenges and potential of field-
work is key for increasing diversity, equity, and inclusion in
the geosciences. Field safety plans need to include consider-
ation of hostile and exclusionary behaviors. Enforced codes
of conduct, egalitarian practices in the distribution of labor
and leadership committed to safety and inclusivity contribute
to positive field experiences (Nelson et al., 2017). The In-
ternational Association for Geoscience Diversity (IAGD) in
the US and the UK has developed and tested curricula for
accessible field experiences to counteract some of the stereo-
types and barriers about ability in the geosciences (Carabajal
et al., 2017). Expanding training programs that match diverse
career options for geoscientists that do not rely on fieldwork
is also important.

5 Community-wide partnerships for advancing change

Advancing the cultural and structural changes needed to re-
duce the prevalence and impact of biases and hostile behav-
iors in the geosciences will require addressing several crit-
ical and interwoven processes at the individual, community,
institutional and societal levels. The sections above have pro-
vided some suggestions for counteracting a number of barri-
ers that manifest in the geosciences. Here we focus on efforts
at the community and societal levels to improve workplace
climate by highlighting the role of peer-mentoring formal
and informal networks and of scientific societies in building
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community and developing new policies and educational and
research programs.

5.1 Building community through peer-mentoring
networks

Experiences of discrimination, harassment and other exclu-
sionary behaviors can lead to feelings of isolation and inse-
curity, especially for underrepresented groups who may lack
access to effective mentorship and visible role models (Ay-
cock et al., 2019; Rainey et al., 2018). Callahan et al. (2015)
proposed that social capital theory provides a framework for
guiding efforts to diversify the geosciences workforce by
focusing on building relationships of trust. The success of
professional and peer-mentoring networks is based on this
community and trust building. In addition to increased ac-
cess to information, resources, and opportunities for profes-
sional development and advocacy, a sense of belonging and
connection afforded by mentoring networks is key for career
satisfaction and success, especially for underserved groups
(Croom et al., 2017; Mouw et al., 2018; Hernandez et al.,
2018).

The number of formal and informal organizations and net-
works in the geosciences focused on serving underrepre-
sented and historically excluded groups has grown signifi-
cantly in the past several years. These include, the National
Technical Association (NTA), National Association of Black
Geoscientists (NABG), Geoscience Alliance (Broadening
Participation of Native Americans in Geoscience), Earth Sci-
ence Women’s Network (ESWN), Association for Women
Geoscientists (AWG), GeoLatinas (Latinas in Earth and
Planetary Sciences), Society of Latinxs/Hispanics in Earth
and Space Sciences (SOLESS), MPOWIR (Mentoring Phys-
ical Oceanography Women to Increase Retention), Interna-
tional Association for Geoscience Diversity (IAGD), African
Association of Women in Geosciences, Society of Explo-
ration Geophysics (SEG) Women’s Network, Women in
Earth & Environmental Science Australasia (WOMEESA),
Baltic Consortium on Promoting Gender Equality in Ma-
rine Research Organisations, and the Pride in Polar Science
Network, among others. Other broader STEM organizations
such as the Society for the Advancement of Chicanos and
Native Americans in Science (SACNAS) and National Orga-
nization for Gay and Lesbian Scientists and Technical Pro-
fessionals (NOGLSTP) have recently launched new initia-
tives to increase representation of geoscientists.

Networks can take multiple approaches to supporting their
members, through a physical regional chapter model, like
the Association for Women Geoscientists (AWG) (Schnei-
der et al., 2018), to primarily online peer-mentoring com-
munities, like the Earth Science Women’s Network (ESWN)
(Barnes et al., 2018). Some organizations were started di-
rectly through building community via social media, like Ge-
oLatinas. While recognizing that an increased online pres-
ence raises exposure to targeted harassment and other hos-

tility, social media can serve as a transformational platform
for building community and sharing of resources and experi-
ences beyond institutional, disciplinary and national bound-
aries (Montgomery, 2018; Britton et al., 2019). Social media
is facilitating relationship building across organizations and
networks especially among early-career geoscientists, who
are leading actions for change in the discipline.

Opportunities and challenges for formal and informal or-
ganizations include ensuring diverse and inclusive leader-
ship, reflective of their membership, as well as partnering
with others for continued outreach to include those who may
be isolated from existing professional networks. In addition
to supporting affinity groups, most of the listed organizations
serve the wider community through technical and leadership
professional development as well as through influencing pol-
icy change of larger professional societies. While promoting
resources to improve the social capital of individuals in their
networks, these organizations recognize the clear need to af-
fect cultural and institutional change in the discipline.

5.2 Setting standards for the discipline: role of
scientific societies

Professional organizations have an important role to play
in transforming the culture of science, consistent with their
historical function in establishing professional standards
(Favaro et al., 2016; Marín-Spiotta et al., 2016). Societies
have an additional responsibility because many of the bar-
riers to full participation of a diverse community of scien-
tists are replicated in organizational leadership, distribution
of society awards, and conference and meeting experiences
(e.g., Settles and O’Connor, 2014). The American Geophys-
ical Union (AGU), Geological Society of America (GSA),
and European Geoscience Union (EGU), for example, have
established committees to address equity, diversity, and in-
clusion and raise awareness through education and training.

In recent years, professional societies across disciplines
have enacted new policies in response to high-profile cases
of sexual harassment and recognition of its effect on gen-
der diversity in STEM. The AGU adopted a new ethics pol-
icy that redefines harassment, bullying, and discrimination
as scientific misconduct and includes a range of sanctions
to reinforce desired cultural norms (Williams et al., 2017).
In response to public pressure, the US National Academy of
Sciences approved the expulsion of members for misconduct.
Funding organizations like the National Science Foundation
and the National Institutes of Health in the US and the Well-
come Trust in the UK have implemented procedures to cur-
tail research support to those in violation of specific conduct
policies. While it is early to evaluate the long-term impact
of these actions, increased transparency from organizations
to their members on actions taken, including revocation of a
number of awards for violations, for example, indicate some
change is already occuring.
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Policies from scientific societies and funding agencies
need continued re-evaluation of their effectiveness to ensure,
for example, that they do not overly rely on reporting and
investigative processes of other institutions, notably univer-
sities (see Cantalupo and Kidder, 2018, 2019). A focus on
sexual harassment alone of many organizational policies also
risks failing to protect from other hostile behaviors. Greater
efforts need to be implemented to address racism and the
negative experiences of racial and ethnic minoritized groups
at society events and in the workforce (Dutt, 2019).

Professional societies can leverage their influence on cul-
ture and policy change through partnerships. More than
100 scientific organizations, including AGU and GSA,
formed the Societies Consortium for Addressing Harassment
in STEMM in 2019 to share practices to reduce hostile work-
place behaviors. These organizations have committed to rou-
tinely examine diversity and equity in society activities and
events, e.g. meetings, publications, governance structures,
and honors and awards. Regular reevaluation of existing poli-
cies and support of early-career members, such as the provi-
sion of legal advice through AGU’s new Ethics and Equity
Center, is key for long-term change.

5.3 Transforming workplace climate through
partnerships: example of ADVANCEGeo

An example of a successful collaboration among organi-
zations and networks is the ADVANCEGeo Partnership,
funded in 2017 by a four-year grant from the US National
Science Foundation ADVANCE program. The goals of AD-
VANCEGeo are to collect data on workplace experiences
through climate surveys distributed to professional societies
to inform existing and future initiatives; develop and test
bystander intervention training programs with geoscience-
relevant scenarios and that incorporate intersectionality; de-
velop teaching modules that define harassment, bullying and
discrimination as scientific misconduct; and create a sustain-
able model in partnership with scientific societies.

The ADVANCEGeo team has delivered > 50 interactive
workshops that teach bystander intervention skills and facil-
itate team discussions about improving workplace climate.
The bystander intervention approach shows promise to be a
more effective means for reducing the prevalence of sexual
harassment and other types of hostile behaviors than more
common legal compliance training (NASEM, 2018). AD-
VANCEGeo’s training uses AGU’s framework of defining
harassment and bullying as scientific misconduct (Marín-
Spiotta, 2018). The project also curates an online collection
of resources on cultivating safe and inclusive workplace cli-
mates.

Conceived to tackle the problem of sexual harassment in
the geosciences, ADVANCEGeo quickly expanded to ad-
dress other exclusionary behaviors that contribute to a hos-
tile workplace climate. The broader focus centers the role of
intersectionality, which is critical for addressing continued

challenges in the geosciences. It also engages those who may
not experience sexual or racial harassment, for example, but
are very familiar with bullying or other intimidating behav-
iors. A continued challenge is engaging all members of the
community, especially those who are less likely to recognize
hostile behaviors in the first place, yet are often in positions
of leadership and thus have a responsibility for enacting cul-
tural change.

6 Recommendations for more equitable and just
geosciences

We have summarized research on cultural and structural bar-
riers to broaden participation in the geosciences and other
STEM fields and identified a range of strategies to disman-
tle these barriers, including community building by informal
and formal professional networks and scientific societies.
Geoscientists need to interrogate stereotypes and assump-
tions about the discipline, in particular the role of fieldwork,
and adopt strategies to overcome challenges to inclusivity,
accessibility and safety. The marginalization of diverse ex-
periences and perspectives from the geosciences has a detri-
mental effect on human well-being, individual career op-
portunities, and the production of knowledge and innovative
problem-solving needed to address complex environmental
problems, whose harm disproportionately affects communi-
ties worldwide who continue to be excluded from participat-
ing in science. The legacy of the colonial and exclusionary
foundations of our scientific and educational institutions in
today’s academic culture, structures and practices needs to
be acknowledged for effective interventions.

Efforts to diversify the geosciences and create more equi-
table workplaces for transformational research and education
need to address not only bias but also discriminatory, exclu-
sionary and violent behaviors, e.g., sexism, racism, ableism,
hetero-sexism, harassment, bullying, etc., that create hostile
environments. A framework of intersectionality, identifying
the multiple individual, cultural, and structural dimensions
that shape the geosciences as a field is key for broadening
participation (Núñez et al., 2020). Geosciences education
research tends to not include a focus on participant social
identities, and when included they are often one-dimensional
(Mattheis et al., 2019b). Without addressing the ways that
social norms and oppressions affect certain groups of stu-
dents and faculty disproportionately, educational interven-
tions are unlikely to promote inclusion and diversity in the
geosciences.

Professional societies have the ability and responsibility
to significantly change policies and cultural expectations.
This is illustrated in partnerships that embrace the power
of community-driven networks. New policy and educational
initiatives by geoscience societies need to be adopted by the
broader community and by academic institutions and then
consistently reexamined to ensure transformational change in
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equity and diversity. We need to focus beyond gender alone
to rectify current trends in the discipline. Beyond the num-
bers, critical action is needed to bring justice and account-
ability to diversity initiatives (see López and Cesspooch,
2019), so that no individual is faced with having to endure
a hostile workplace to pursue an education and career in the
geosciences.
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