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Abstract. The Geosciences are amongst the least diverse research fields, where women and other underrepresented 19 

groups face systemic biases. This paper presents the state of diversity, equity, and inclusion (DEI) in the cloud-physics 20 

community, by combining a metadata analysis of 6987 cloud-physics peer-reviewed journal articles published between 21 

1970 and 2020 with responses from a survey of 198 participants from the cloud-physics community. Women first-22 

author contributions are evident only after 1997 and presently only ∼17% of studies in the cloud physics field are led 23 

by women. Authors from the Global North dominate first and corresponding-author positions, with only ∼5% of 24 

studies led by authors working in the  tropicsal affiliation authors. The latter’s participation was low even for study 25 

sites in the tropics, suggesting widespread practice of parachute science. Of the survey respondents, 23% identified as 26 

a historically and currently excludedminority group  and feel that belonging to this ing a groupminority has had a 27 

negative impact on their scientific career, in terms of collaborations, promotions, publishing, funding, salary, and 28 

citations. Although the survey data shows the general experiences of cloud physicists globally, the perspectives from 29 

this work can aid the cloud-physics community to develop strategies to improve DEI in institutions beyond a business 30 

case for a diverse science community. Rather we should consider an equity-centered approach by understanding our 31 

ethical responsibilities to benefit research of the climate system, as it is promoted by the International Association for 32 

Promoting Geoethics (IAPG) in Geosciences. 33 

1 Introduction 34 

Diverse teams improve the quality of scientific research by fostering innovation, as well as offering unique and 35 

culturally sensitive perspectives in a variety of disciplines (Swartz et al., 2019; Almouzni, 2024; Perez-Sepulveda et 36 

al., 2025; Titirici et al., 2025). Climate change research represents such an area that transcends academic research into 37 
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a global equity issue. Its study demands diverse and inclusive perspectives in order to customize and optimize 38 

strategies that will inevitably influence developing countries that are already being disproportionately impacted 39 

(Dervis, 2007). Diversity, equity, and inclusion (DEI) refers to efforts and actions to create awareness and shift 40 

mindsets, practices, and policies to sustain an environment that is equitable and sensitive to people with diverse needs, 41 

with the goal of promoting inclusivity. A diverse, equitable, and inclusive workplace supports greater employee 42 

engagement, innovation, and attraction of talent, arising from the sharing of varied perspectives and experiences, thus 43 

enriching knowledge production and fostering innovation (Nielsen, 2016). In scientific research, diverse teams 44 

improve the quality of research and findings - a reality to which the research community has become increasingly 45 

aware in the past decades as the recognition of the importance of diversity in science has grown (Plaut, 2010). For 46 

example, ethnic diversity among authors increases the scientific impact of a publication (AlShebli et al., 2018). 47 

Although various programs, policies, and inclusive environments are being developed to address issues such as gender 48 

inequality in academia (Ranganathan et al., 2021; Bernstein, 2024), many gaps in other historically and currently 49 

excluded groupsminority representation still remain (e.g., such as Hispanic, black, and indigenous communities, 50 

scientists with disabilities, and LGBTQIA+ scientists still remain; (Bernard and Cooperdock, 2018; NCSES, 2019; 51 

Gewin, 2020; Odekunle, 2020; Berhe et al., 2022; Marin-Spiotta et al., 2023). Thus, we must recognize that developing 52 

a diverse, equitable, and inclusive workplace is a very challenging task (e.g., Apaaril, 2021; Reisch and Jani, 2025) 53 

and requires considerable reform of systemic deeply rooted institutionalized practices. The word “minority” denotes 54 

negatively stigmatized, ostracized, oppressed, and outcast individuals or groups (Blanz et al., 1995). In the context of 55 

DEI, it refers to a numerically smaller population of a group within a larger population based on characteristics such 56 

as gender, race, religion, ethnicity, disability, sexual orientation, or other attributes. In the present study, “minority” 57 

is used to describe an underrepresented or disadvantaged group, unless stated otherwise. 58 

Many fields lack a diversity inof gender, ethnicity, disability, and language including health (Wenneras and Wold, 59 

1997; Landman and Dandolu, 2009; McDermott et al., 2018), science, technology, engineering and mathematics 60 

(STEM)(Nadis, 1999; Watt, 2005; Haak, 2002; Barber et al., 2020; Ceci and Williams, 2011; Leslie et al., 2015), as 61 

well as humanities, in particular philosophy (Nielsen, 2016; Botts et al., 2014; Herfeld et al., 2022). The lack of 62 

diversity, equity, and inclusion in academia is one of the manifestations of a system originally structured to privilege 63 

dominant groups and exclude marginalized populations, a pattern that has historically characterized most fields in 64 

science and that continues to influence their institutional practices. Studies on practices in academia have found bias 65 

against under-represented groups (Gates, et al., 2019) that affect hiring and promotion processes (McDermott et al., 66 

2018; Nielsen, 2016) and other career outcomes like across academic communities manifests itself in systematic bias 67 

of under-represented minorities (Gates et al., 2019) based on hiring and promotion processes (McDermott et al., 2018; 68 

Nielsen, 2016), scientific impact reflected on the number of citations (Aksnes et al., 2011; Lerback et al., 2020), 69 

scientific productivity (Abramo et al., 2018), publication acceptance rate (Lerback et al., 2020), funding and awards 70 

(Mehta et al., 2018), and recognition (Odekunle, 2020). Recently, Chen et al. (2022) found evidence of racial 71 

disparities when investigating data from the National Science Foundation, USA. The authors report that White 72 

principal investigators (PIs) were consistently funded at higher rates than most PIs belonging  to the global majority 73 

(GM)non-White PIs. Systemic bias, historically excluded under-representatgroupsion of minorities, and a lack of 74 
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recognition of researchers in and from developing countries (the so-called “Global South”) are reflected in the limited 75 

scientific collaborations between research groups from developed (the so-called “Global North”) and developing 76 

countries (Gewin, 2023). For example, Wight (2021) highlights the lack of recognition of African collaborators and 77 

the difficulties they experience publishing in high-impact journals. 78 

The gGeosciences are among the least diverse fields, in which  women and underrepresentedhistorically excluded  79 

groups are exposed to systemic biases that prevents them from equal progress and recognition compared to their more 80 

privileged White men counterparts (Simarski, 1992; Stokes et al., 2015; Bernard and Cooperdock, 2018; Dutt, 2020; 81 

Hall et al., 2022; Berhe et al., 2022; Marin-Spiotta et al., 2023; Rubbia, 2025). Although the reasons for the low 82 

diversity in geosciences are not fully understood, Marín-Spiotta et al. (2020) listed historical legacies of exclusion, 83 

hierarchical power dynamics, culture of impunity, and the discriminatory and unsafe practices during fieldwork, as 84 

some of the most important barriers that goes against diversity. Ford et al. (2019) reported that women and historically 85 

excludedminority groups including women are less often invited to give talks, which are essential to establish a 86 

network, funding, and academic collaborations. Similarly, individuals with disabilities report not only feeling less safe 87 

and included in gGeoscience space like fieldwork (Lawrence and Dowey, 2021; Castro and Atchison, 2024), but also 88 

receiving less research assistantships, internships, fellowships, scholarships, and grants than their able-bodied 89 

counterparts (NSF, 2021). Pico et al. (2020) found that woman first-authorship on peer reviewed papers was 90 

underrepresented in several geoscience sub-fields and extended to establishing collaborations. For example, although 91 

there has been an increase in the number of international research networks in the last two decades of the 20th century 92 

(Adams et al., 2005; Wagner, 2005), the inclusion of researchers from new geographical locations was not significant 93 

from 1990 to 2000 (Wagner, 2005), but it was significant between 1990 and 2013 (Wagner et al., 2017). While 94 

scientific collaborations are also determined by the degree of the economic development of a country (Gazni et al., 95 

2012), the authors found that existing scientific collaboration networks between USA, UK, Germany, France, Italy, 96 

and Canada are less likely to cooperate with countries with low with low-income countries with typically low scientific 97 

development. Even though DEI has been evaluated in geosciences as a whole, there are very few studies focusing on 98 

specific geosciences subfields such as atmospheric, oceanic, solid Earth, aquatic, planetary, and environmental 99 

sciences, among others (Dyess and Teplitzky, 2022; D’Elia, et al., 2023; Pruitt et al., 2023, de Vos et al., 2023). 100 

Recently, Gewin (2023) highlighted that parachute research, a practice where well-funded researchers often conduct 101 

short-term research in the Global South countries which are typically poorer without seeking equal partnerships and 102 

intellectual exchange, is very common in the geosciences, and needs to be curtailed in favor of equitable 103 

collaborations. The existing collaboration networks mentioned by Wagner (2005) and Gazni et al. (2012) highlight 104 

the limited connections between Global North and Global South research groups.mid- and tropical-latitudes given that 105 

the tropical countries involved in international collaborations (i.e., Brazil, Mexico, Colombia, Venezuela, Cuba, 106 

Ecuador, Egypt, India, Papua New Guinea, and South Africa) represent a minority. The limited coordination and data 107 

sharing between Latin America and scientists from developed countries was also recently discussed in Wheeling 108 

(2021). Collaborations across a diverse set of individuals influence the degree of science quality (Katz and Martin, 109 

1997; Gazni et al., 2012; Abramo et al., 2013) and the ability to effectively communicate science to different target 110 

audiences. Fostering collaborations between different geographic locations is therefore necessary. Given that the 111 
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atmosphere and clouds containing air pollutants transcend continental and oceanic boundaries, studies from all over 112 

the globe are needed by scientists with a richly diverse set of perspectives. In this study, we explore the regional 113 

representation bias of collaborations in the cloud physics community for scientist working in the tropics (anyone from 114 

whatever country who lives and works in a tropical country), i.e. within the latitudes of 23.5° N and 23.5° S. Multiple 115 

studies show that this region is one of the least studied in the field (Yakobi-Hancock et a., 2013, Petter and Wright, 116 

2015; Kanji et al., 2017; Irish et al., 2017; Welti et al., 2020; Metcalfe et al., 2025). For example, input observations 117 

are often calculated rather than sampled for the Tropics in studies that evaluate the role of aerosols and cloud formation 118 

in climate models (e.g., Cesana et al, 2023; De Vera et al., 2024). The overlooked observations from tropical countries 119 

is a perpetuation of the historical marginalization of the region and its populations, based on historical legacies of 120 

colonialism, natural resources extractivism, and slavery (Rini, 2020; Pereiria and Tsikata, 2021; Atiles and Rojas-121 

Paez, 2022; Feijo and Orre, 2024; Meyfroidt et al., 2024), and that today the effects of this history  are still present in 122 

scientific practices (Godrie, 2025; Arosoaie et al., 2026). Therefore, this study not only focuses on the biases based 123 

on the location of scientists, but expands the discussion to evaluate the overall state of DEI in scientific spaces in the 124 

cloud physics community. It is important to note that the cloud physics community is a multidisciplinary field where 125 

meteorologists, physicists, biologists, oceanographers, chemists, environmental engineers, and chemical engineers, 126 

among others, work together in cloud and climate modelling, field, theoretical, and laboratory studies which implies 127 

variabilities in issues related to DEI.       128 

This work explores the regional representation bias of collaborations in the cloud physics community, by assessing 129 

existing evidence on the association between the Global North and tropical countries. We achieved this by first 130 

combining objective insights from a metadata analysis of 6987 published papers in the cloud physics field. Second, 131 

we contextualized these results with personal insights from community members via a survey for the cloud physics 132 

community. This approach allowed us to gain firsthand knowledge of the experiences of the cloud physics community 133 

demographic, including those who identify as historically excludedminorities. We discuss how diverse, equitable, and 134 

inclusive the cloud physics community is based on the survey responses. Using the metadata analysis, we address 135 

Global North collaborations with tropical countries by evaluating publication statistics and impact factors of journals. 136 

We present findings that reveal biases in the historically excluded groups representation of minorities and their 137 

experiences, as well as publication biases, and discuss the implications that these observations might have for research 138 

and performance. We propose recommendations for strategies on how to encourage and motivate collaborations 139 

between scientists, and thus increase diversity within the cloud physics field. To arrive at these recommendations, we 140 

discuss how to tackle the lack of infrastructure, resources, and trained personnel in tropical countries to perform high-141 

quality research in cloud physics. Finally, the grander question of systemic barriers in cloud physics is discussed. 142 

 143 

2 Materials and Methods 144 

To evaluate the state of DEI in the cloud physics community, two approaches were used to gather the data. First, 145 

we assessed the current state of DEI and the systemic experience of the cloud physics community members, via 146 
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a survey of the community conducted prior to the International Commission on Clouds and Precipitation (ICCP) 147 

meeting in 2021 hosted virtually in Pune, India. Second, we conducted a metadata analysis of peer-reviewed 148 

published studies between 1970 and 2020 as a publicly accessible metric to trace the temporal evolution of 149 

authorship in the field. 150 

 151 

2.1 Survey data 152 

The survey was created by the authors of the present study using Google Forms and distributed by email. The questions 153 

were designed and discussed amongst the authors and after being finalized it received the Texas Tech University 154 

Institutional Review Boards (IRB) approval (IRB2021-472; Title: Diversity, Equity, and Inclusion in the Cloud 155 

Physics Community). The survey was conducted anonymously and did not contain any direct identification (i.e., name 156 

or place of employment of the participants). It contained a total of 42 questions (67 questions including sub-questions, 157 

see supplementary informationas shown in Table S1). We distributed the survey via the ICCP mailing list (938 as the 158 

upper limit of the listserv) and a list used to advertise a virtual colloquium related to the topics of ice nucleation and/or 159 

aerosol-cloud interactions. The latter targets research scientists who may identify with ice nucleation research, but not 160 

necessarily with the wider cloud physics community. The survey was also distributed through the list of registrants of 161 

the 2021 ICCP conference held virtually and hosted in Pune, India from August 2-6, 2021. It was distributed and open 162 

for responses from July 1 to August 4, 2021. The closing date was deliberate because part of the survey results was 163 

presented at the ICCP conference in 2021 as a plenary talk on August 5, 2021. After the talk, we did not collect any 164 

responses to avoid biases after presenting the preliminary results at the conference.  165 

The survey was completed by 231 respondents, but the sample size used in the analysis here decreased to 198 after 166 

data quality assurance in which participants who did not identify with either the ice nucleation field and/or cloud 167 

physics field were removed. We estimate that the sample of this survey is representative of the membership and 168 

distribution list of the ICCP based on a comparison to the attendance of three previous ICCP meetings carried out in 169 

Leipzig 2012 (665 attendees, 3% Indian, 22% German), Manchester 2016 (429 attendees, 1% Indian, 19% UK), and 170 

Pune 2021 (570 attendees, 28% Indian). This brings us to a percentage the % coverage of 30-47% normalized to the 171 

attendee numbers from the three previous conferences and a 21.1% as the lower limit of the response rate, calculated 172 

as a percentage of the listserv, which is 198/938. For the survey, the number of local respondents (Indian) was 173 

proportionally higher (14% of survey respondents) compared to previous Indian affiliation registrants likely due to 174 

the ICCP 2021 conference being hosted in India. This was also the case for increased registrants from local scientists 175 

when the host country countries in previous meetings were Germany and UK. Germany, UK, and USA also have a 176 

noticeably higher participation rate because there is a large research presence of cloud physics historically from these 177 

countries, with established cloud chamber facilities. The survey covered 30-47% of the cloud physics membership 178 

based on the past attendee statistics. Although the ICCP membership is representative of the international cloud 179 

physics community, there could be some unintended biases in the survey data coming from the overrepresentation of 180 

respondents born in India, Germany, and US (above 15% each) as well as the overrepresentation of respondents 181 

younger than 40 years old (64%). Specific questions (see supplementary information) were asked to allow an 182 
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assessment of the biographic data, career stage, experience regarding career progress, promotions, hostile 183 

environments, bullying, and diversity of working with students and supervisors from the Global South. The results 184 

were stratified by gender, age, and ethnicity with all analysis and plotting performed in Microsoft Excel and Origin 185 

Pro. We used Chi-square tests in R (version 4.3.1) to assess group differences, reporting Cramér’s V as effect size (0.1 186 

= small, 0.3 = moderate, 0.5 = strong; Cohen, 1988). 187 

The assignment of which ethnicities and cultures are considered historically excludedminorities can differ depending 188 

on the geographical location. This may arise from the prevailing ethnicity in the location of the survey respondents. 189 

Therefore, in further analysis, we classify the Caucasian, White or European categories as “White”, while the all other 190 

ethnicities are classified as people of global majority (POGM or simply GM) “non-white” with the exception of 191 

participants who preferred not to identify their ethnicity. 192 

 193 

2.21 Metadata analysis 194 

2.2.1 Study search and criteria 195 

For the metadata analysis, the Scopus database was used. The search algorithm for the papers that were analyzed in 196 

the present study is described in Fig. S1 (supplementary information). The following criteria were applied for papers 197 

written in English and published in indexed journals: In the “Search within Article title, Abstract, Keywords” option, 198 

“cloud physics” was added with an additional search field with the word “cloud microphysics” linked with the option 199 

“OR”. Subsequently, the following filters were applied. a) year range: 1970 to 2020, b) subject area: Earth and 200 

Planetary Sciences, c) document type: Article, Review, and Letter, d) publication stage: final, and e) source type: 201 

Journal. Although 8199 papers were pre-selected (from the documents available in Scopus on December 2021), those 202 

papers published in Astronomical and Astrophysical journals and other papers not related to cloud physics or written 203 

in a language different fromthan English were removed leaving us with a total of 6987 papers as shown in Fig. S1. 204 

We note that the number of papers (i.e., 97) removed because of language could slightly impact the outcome of the 205 

present analysis; however, this was necessary because the authors of the present study were unable to translate them 206 

to get the needed information. Also, it is important to highlight that the conclusions raised from the metadata analysis 207 

could be biased as Scopus, and most databases, does not cover all areas of interest leaving out important information 208 

from e.g., non-English-speaking countries or Global South countries (Martín-Martín et al., 2018; Tennant, 2020; 209 

Pranckuté, 2021). 210 

 211 

2.2.2 Coding procedure 212 

The author’s name, year of publication, title of the paper, journal name, DOI, affiliations, first author country, and 213 

funding agencies were directly extracted from Scopus. The journal’s impact factor was obtained from the Journal 214 

Citation Report 2021 which was updated in November 2022 (https://impactfactorforjournal.com/ wp-215 

content/uploads/2022/11/JCR-2021-Impact-Factor-PDF-list.pdf). On the other hand, the first authors’ gender, the 216 

number of woman/man co-authors, and if any of the co-authors was affiliated with a tropical country were assigned 217 

by a self-written automated script in Python (an open-source code used for this analysis is available at 218 

https://impactfactorforjournal.com/wp-content/uploads/2022/11/JCR-2021-Impact-Factor-PDF-list.pdf
https://impactfactorforjournal.com/wp-content/uploads/2022/11/JCR-2021-Impact-Factor-PDF-list.pdf
https://impactfactorforjournal.com/wp-content/uploads/2022/11/JCR-2021-Impact-Factor-PDF-list.pdf
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https://doi.org/10.3929/ethz-b-000654489). Each co-author’s gender was evaluated employing the genderize.io web 219 

server (Demografix ApS, 2022) and included in the analysis if the certainty estimate provided by the tool was larger 220 

than 75% (a somewhat arbitrary, but conservative choice). The genderize.io tool relies on web-collected data and has 221 

previously been used for similar demographic science research (e.g., Holman et al., 2018; Shen et al., 2018). It is 222 

important to note that genderize.io assigns a binary (female or male)the gender based on the person’s first name. 223 

TAlthough this canould only be an  good approximation, as names cannot always be used to infer the gender (e.g., 224 

Sebo, 2021; Lockhart et al., 2023; Marty et al., 2023).  Critically, the binary gender assumption inherent in this 225 

methodology reinforces cisgender normativity and erases non-binary and possibly also trans identities. While being 226 

aware of these important limitations, the superficial approach necessitated by the quantitative analysis of the large 227 

amount of data cannot avoid them. Therefore, the results presented below must be taken with caution and considering 228 

the aforementioned bias. Each paper was checked for co-authors with tropical affiliationsworking in tropical countries 229 

by comparing their affiliations with a list of tropical countries. For a country to be considered tropical in this study, at 230 

least 50% of its inhabitants need to live in the tropics, i.e., between 23.5° N and 23.5° S and be considered a low-231 

income country, with the exception of Taiwan, Singapore, and Hong Kong (See Table 1). From our analysis, the total 232 

number of countries (where the first authors were located at the publication time) represented in the publications were 233 

72, of which 23 countries were coded as tropical. However, it is important to note that 11 additional countries were 234 

coded as tropical when considering the coauthors. 235 

  236 

 237 

 238 

2.3 Position statement  239 

The author team for this article comprises scientists with a range of disciplinary backgrounds, upbringing, and 240 

experiences related to DEI. We were born, and have lived or worked in Canada, Colombia, Ecuador, Finland, 241 

France, India, Israel, Kenya, Mexico, the United States of America, and Switzerland. Our disciplines span from 242 

chemistry, over atmospheric science, to sociology and not all of us are currently working in the cloud physics 243 

field. We are able-bodied and cis-gender. Our academic positions range from postdocs to professorcover PhD 244 

students, post-doctoral fellows and professors. . 245 

In one regard or another all of us are part of a historically excluded group, be it as born in a tropical South 246 

American country, first generation who attended university, person of color, woman, indigenous person, or in 247 

relation to sexual orientation, religion or nationality. This background has undoubtedly sensitized us for DEI, 248 

albeit from different angles. 249 

We are committed to building bridges that help this community to be more diverse, equitable, and inclusive. For 250 

many of us, being part of the GM and excluded nationality, our lived experiences from intersectionality are 251 

different from the Global North. Also, many of us do hold privileged positions and acknowledge that the access 252 

to western education systems and structures have afforded us privileges. Our experiences thereby may both 253 

sensitize and limit our engagement with the full range of intersectional and geographic dimensions of 254 

https://doi.org/10.3929/ethz-b-000654489
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marginalization explored in this study. The focus of the survey and study design on tropical countries and gender 255 

effects may reflect our experiences, but our differing backgrounds also allowed us to add many and question each 256 

other’s perspectives. 257 

 258 

3 Results and discussion 259 

3.1 Biographic description of sample from survey data 260 

The biographic information of the survey respondents is summarized in Fig. 1. Sixty seven percent of the 261 

participants were < 40 years old and 57.1% of the participants identified themselves as men, 41.4% as women, 262 

with 1.5% preferring not to respond (Fig. 1a). Seventy three percent of women and 58% of men were < 40 years 263 

old, while 13% of women and 25% of men were > 50 years old (Fig. 1a). The majority of participants identified 264 

themselves as heterosexual with 8% as LGBTQIA+ (Homosexual, Queer, Bisexual or Pansexual-listed by the 265 

respondents), and 5.6% preferred not to provide information on sexual identity (Fig. 1b). Figure 1b also shows 266 

the distribution of the highest academic degree obtained. The majority of the participants were students (from 267 

undergraduate to PhD) with 37% of women and 32% of men reporting this category. Also, most women (57%) 268 

were early career researchers (undergraduate to Post-doctoral level inclusive) compared to 53% of men being 269 

mid-senior career (above Post-doctoral level), as shown in Fig. 1b. 270 

Information on the ethnicity of the participants can be found in Fig. 1c, with the majority identifying as white 271 

(115 respondents), followed by non-white (77 respondents), and 6 respondents preferred not to identify their 272 

ethnicity. This trend agrees with the overall geoscientist population in the US (Dutt, 2020). For a given race, there 273 

were more men than women or hardly any difference between the two genders, except for Hispanic or Latin X 274 

where women represented 79% of this race. In the participants’ own perception, only 23% identified themselves 275 

as minorities. We note that these numbers do not match up with the ethnicity stratified by gender in Fig. 1c 276 

because three respondents either preferred not to respond to the gender question, identified as non-binary or as 277 

scientists. Participants came from a wide variety of countries (by birth and country of residence) as seen in Fig. 278 

1d, with the majority from USA, Germany, and India. The difference between these two bars (residence vs. birth 279 

country) indicates the number of foreign researchers in each country. For example, if the country of birth bar is 280 

lower than the country of residence, this implies that more foreigners occupy research positions (at all levels) in 281 

that country. However, if these two bars are similar it does not necessitate the absence of foreigners. On the other 282 

hand, if the country of birth bar is higher than the country of residence, it shows that more local scientists are 283 

working in the country at the time of the survey.  284 

 285 
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 286 

Figure 1: Cloud physics survey biographic data obtained from a total of 198 respondents showing their age, gender, 287 

ethnicity, and role distributions. 288 

3.2 DEI general perceptions from the survey 289 

To evaluate the general experiences of the cloud physicists about inclusivity in their working environments, we 290 

first describe our findings and then present the outcomes on questions regarding hostility, bullying, and 291 

supervision across those who identify as white and minorities. We use the terminology of women and men in 292 

preference to male and female to represent gender and not biological sex, consistent with the question asked in 293 

the survey (see supplementary information for questionnaire).  294 
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It was encouraging that most respondents (70%) felt included in the cloud physics community, but a closer look 295 

at the 30% who did not feel included reveals that the majority were < 40 years old; 35% of this age group did not 296 

feel included in the community (Fig. 2a). Out of the total respondents, the percentage of men and women who do 297 

not feel included is similar. When considering the feeling of exclusion amongst participants who identified as part 298 

of the LGBTQIA+ community the fraction increases from 30% to 44% (not shown). This is not exclusive to the 299 

cloud physics community as this is also the case for LGBTQIA+ geoscientist (Le Bras, 2021). We also found that 300 

a third (33%) of those who identified as non-white (i.e., South- or East-Asian, Hispanic, LatinX, Black or Mixed-301 

race) indicated not feeling completely included in the cloud physics community (not shown). 302 

The majority of respondents (60%) perceived their workplace to be sensitive to gender issues, of which women 303 

and men comprised 58% and 61%, respectively. The small difference is consistent with random variation. 304 

Statistically and practically, there is no meaningful differences between genders, suggesting a concerted effort for 305 

workplace sensitivity (see Fig. 2b). This perception changes when considering the LGBTQIA+ community as 306 

56% of them (N = 15) did not perceive their workplace to be sensitive to gender issues. A large portion of 307 

participants (75%) reported that their gender does not impact their scientific career, but for the remainder 25%, 308 

who do feel an impact, 69% were woman (Fig. 2c). This difference is statistically significant (χ²(1) = 18.60, p < 309 

0.001, Cramér’s V = 0.31), indicating a moderate association between gender and perceived career disadvantage, 310 

as reported in other fields (e.g., Cambois et al., 2017; Gibney, 2017). Participants indicated different ways in 311 

which they felt gender sensitivity was lacking. For example, one participant indicated that during her interview 312 

process for professorship, several instances of topics that are illegal in the respective country were raised 313 

surrounding marital status and family planning. In their role, the respondents thought that “women in the program 314 

were disproportionately asked for service work and to serve on more committees than the men faculty”. On the 315 

other hand, a small number of respondents indicated that they were at a disadvantage due to positive 316 

discrimination because they belonged to the most represented gender group (men). The majority of comments 317 

from women referred mostly to childbirth and childcare as a disadvantage and included a claim that not enough 318 

institutional support is available for normalizing these rights of passage for women. Finally, when the participants 319 

were asked if their perception of the number of women at the Post-doctoral level and above has increased over 320 

the course of their career, 65% of men agreed vs. only 50% of women (the difference is not statistically significant 321 

(χ²(1) = 2.14, p = 0.144, Cramér’s V = 0.13). Despite the disparity, these opinions resonate with the numbers of 322 

the survey which showed early career researchers were mostly women. 323 
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 324 

Figure 2: Cloud physics survey (total 198 respondents) on inclusivity and negative impact of gender issues and minority 325 

identity on scientific careers. For all panels, in parenthesis the number of absolute respondents for the respective category 326 

is given. Panels with questions below indicate the main question and those with questions above the plot are sub-questions. 327 
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When asked if students or colleagues from a minority (specified as overall minority such as ethnic, or disability) group 328 

are equitably treated in their working environment, 81% agreed. Although 46 respondents (24%) identified themselves 329 

as part of a minority group (Fig. 2d), only 21 (46%) reported that their career was negatively affected (Fig. 2d) by 330 

being a minority in different ways, spanning from collaborations to publishing and having access to funding, among 331 

others (Fig. 2e). Seventy-eight percent of the minority respondents indicated working with research group members 332 

that belong to a minority category. This percentage is lower (48%) for those who did not identify as minorities, 333 

suggesting a lower diversity in the non-minority cases. Ten participants indicated they have disabilities including 334 

physical, mental and neurological, potentially placing them in a minority group. Six of the 10 participants felt excluded 335 

in their academic career or working environment because of their disability, and four of them felt that being part of a 336 

disability group negatively affected their scientific career. 337 

Although the terms bullying and harassment are not strictly synonyms (Einarsen, 2000), the way the question was 338 

formulated in the survey led participants to understand that these concepts were the same. One third (33%) of the 339 

respondents experienced a form of bullying or harassment from someone in the cloud physics community (Fig. 3a). A 340 

higher fraction of women, 44% compared to 27% of men reported having experienced harassment, a difference that 341 

was statistically significant (χ²(1) = 5.70, p = 0.017, Cramér’s V = 0.18), although the size of the gender difference is 342 

modest. The proportion of respondents who experienced harassment increased with age (see Fig. 3a) with 41% of 343 

participants > 40 years old having experienced harassment. This trend could be explained by the increased probability 344 

of experiencing harassment with time spent in the field, or a more recent evolution in an awareness of harassment 345 

behavior related to work activities resulting in less harassment experience in the lower age category; however, more 346 

research is needed to fully understand this. When stratified by ethnicity (Fig. 3a), 39% of the white vs. 26% of the 347 

non-white respondents reported harassment. The difference is not statistically significant (χ²(1) = 2.63, p = 0.105, 348 

Cramér’s V = 0.12). A higher fraction of non-White women reported experiencing bullying and harassment, which 349 

aligns with the concept of intersectionality, where overlapping social identities and positions can increase the 350 

likelihood of discrimination (Crenshaw, 1991). However, the sample size prevents statistical verification of this 351 

pattern. 352 

The term hostility used below is related to a hostile working environment, as stated in the survey. Most respondents 353 

did not experience hostile working environments because of their gender, ethnicity, sexual orientation or disability 354 

(Fig. 3b). However, from the 21% who did experience hostility (see Fig. 3b), women were the majority, with 37% 355 

compared to 10% of men reporting having experienced hostile working environments. This difference is statistically 356 

significant (χ²(1) = 18.46, p < 0.001, Cramér’s V = 0.33), indicating a moderate association between gender and 357 

reported hostility. By age, the trends were similar for the harassment, where 25% of respondents > 40 years old 358 

reported having experienced hostile working environments versus 18% of respondents under the age of 40. Both the 359 

time spent in the field and the recent evolution of sensitivities in the workplace could account for the lower percentage 360 

in the younger group. Lastly, 25% of the white and 18% of the non-white participants reported experiencing hostile 361 

environments. This difference was not statistically significant (χ²(1) = 1.04, p = 0.307, Cramér’s V = 0.08), indicating 362 

a very small association. 363 
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Only 29% of respondents (9 % women and 20 % men) had supervised students (BSc., MSc. or PhD.) or 364 

employees from tropical latitudes. This translates to 35 % of the men and 21% of the women respondents 365 

supervising personnel from tropical countries (Fig. 3c). When stratified for ethnicity, men were still the 366 

majority to have supervised employees from tropical latitudes. These percentages were unsurprisingly 367 

dominated by older respondents (56% of those above 40 years), who were majority men in the White category 368 

(Fig. 3c). White respondents who supervised personnel from tropical latitudes increased with age, whereas in 369 

the non-White category the proportion decreased with age. This reflects the decreasing proportion of senior to 370 

mid-career respondents in the non-White category as seen in Fig. 3c or the recent increase in awareness of DEI 371 

and thus only reflected in the younger (< 40 years population) population of the non-White respondents. The 372 

percentage of White respondents (31 %) who supervised personnel from tropical latitudes is significantly 373 

different from the non-White category (27 %), with a small-to-moderate association between ethnicity and 374 

supervision (χ²(1) = 5.26, p = 0.022, Cramér’s V = 0.187). There was no difference in the proportion of men 375 

supervisors by ethnicity, 21% of both White and non-White men respondents had supervised personnel from 376 

tropical latitudes (Fig. 3c), while these numbers were 10% and 6% for women respectively. The proportion of 377 

women who supervised personnel from tropical latitudes was lower than men. 378 

Only 24% of total respondents (10% women and 14% men) were supervised by someone from the tropical 379 

latitudes. The gender difference for this question mostly arose from the lower proportion of women in the non-380 

White category (see Fig. 3d) as the ratio between men and women in the White category was equal. Majority 381 

of the 24% was made up of younger participants (< 40 years old, 78% vs. above 40, 22%) regardless of ethnicity. 382 

Most respondents who had a supervisor from developing or tropical countries were non-White (Fig. 3d), i.e., 383 

48% of the non-White respondents had a supervisor from developing countries compared to only 10% of the 384 

White respondents. This implies that non-White respondents were more likely to get an offer from or accept a 385 

position in a group led by someone from tropical countries.     386 

Overall, from the survey it is evident that women researchers are disproportionately affected by harassment, 387 

bullying, and hostile working environments regardless of ethnicity (see Fig. 3). This aspect may result in a 388 

negative gender feedback, discouraging women from remaining in academia and research in the cloud physics 389 

community, i.e., these factors could also contribute to the leaky pipeline, the concept of the diminishing number 390 

of woman scientists as they move up the career ladder (see Section 3.5 below, Wolfinger et al. (2008)). Although 391 

there is a consensus (67% of total respondents) that collaborating with colleagues and institutions from 392 

developing countries (no latitudinal definition was given for this question) is key for the development of the 393 

cloud physics field, a large fraction of the survey participants (60%) are not planning to do so. In fact, 33% of 394 

the respondents did not have an opinion or did not agree that it was important to collaborate with colleagues 395 

from developing countries. The 33% who did not agree or have an opinion were made up of 34% of the women 396 

vs. 30% men. There is also a bias for non-White respondents being supervised by non-White people (Fig. 3d), 397 

but for the majority of non-White students or employees, their supervisors are White (Fig. 3c). Only 35% of 398 

men and 21% of women supervised students or staff from tropical latitudes. 399 
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It is important to note that some of the aforementioned conclusions are not exclusive to the cloud physics community 400 

and they may apply to other fields. Also, some of the survey results are related to individual workplaces without direct 401 

influence from people from the cloud physics. Therefore, these conclusions reflect the general experiences of cloud 402 

physicists globally. 403 

 404 

Figure 3: Stratification by age, gender and ethnicity for respondents who a) experienced bullying and harassment by 405 

someone from the cloud physics community; b) experienced a hostile working environment due to their gender, ethnicity, 406 

sexual orientation or disability; c) supervised personnel from developing or tropical countries defined as between 23°N and 407 

23°S; d) were supervised by someone from developing or tropical countries defined as between 23°N and 23°S. Note that 6 408 

respondents opted not to disclose their ethnicity. 409 

3.13 DEI as evidenced from the metadata analysis 410 

For several decades the participation of women was relegated to secondary roles in scientific articles in many fields 411 

(e.g., Pico et al., 2020). As shown in Fig. 41a, only after ca. 1997, the role of women as leading authors is evident. 412 

Since then, the number of studies led by women has increased with time. As of 2020, only ca. 17% of the studies 413 
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published by our community were led by women. Although the number of women working in the cloud physics 414 

community has an increasing trend; the number of women as leading authors is far from being equitable (Fig. 41). 415 

Figure 5 2 shows how gender inclusive published articles led by women and men are. The metadata analysis clearly 416 

shows that the papers led by women are better balanced (i.e., the number of women co-authorship and the number of 417 

total coauthors is closer), yet still not balanced in the gender of co-authors (Fig. 5a2a,b). It is important to note that 418 

this trend is stronger for articles with a low number of co-authors. Women first authors thus are more likely than men 419 

first authors to choose women co-authors. This was also found in a recent study in ice-core science where women-led 420 

studies had 20% more-women co-authors than men-led studies (Koffman et al., 2023). This may not be the result of 421 

them being more equitable, but could rather mirror a preference for working with people similar to oneself. 422 

Nevertheless, it implies that one route to increase women co-authorships is to have women authors in the lead. This 423 

could happen if more women get senior scientists and professorship positions. Similarly, first authors working in a ith 424 

a tropical affiliationtropical country are likely to bring in other co-authors with a tropical affiliationworking in a 425 

tropical country (see Fig. 5c3). It is important to note that typically most of the senior authors get listed at the end in 426 

the cloud physics community. 427 

The methodology used in the metadata analysis to assign gender to authors (genderize.io) assumes a gender binary, 428 

risking the misclassification of non-binary and gender-diverse individuals. We acknowledge this as a limitation of the 429 

present study that could have introduced a gender exclusion bias. As shown by the results in the survey described in 430 

section 3.2, at least three respondents self-identified outside of the gender-binary system, which shows the active 431 

participation of non-binary individuals in the cloud physics community. In section 3.3, we expanded the discussion 432 

on the experiences related to gender in the cloud physics community. Future metadata analysis should incorporate 433 

self-identification methods to include non-binary genders. For example, Son and Bell (2022) analyzed publications in 434 

which individuals self-identify their gender during manuscript submission. 435 

 436 

Figure 14: Cumulative number of articles published in the cloud physics community during the last 50 years for a) all 437 

geographic locations and b) authors working in a tropical country. In panel a) . the The red, blue, green, and black lines 438 

indicate if the first author is woman, man, withfrom an affiliation from tropical country, and without an affiliation from 439 

anon- tropical countryaffiliation, respectively. In panel b) the blue, red, and brown lines indicate if the first author is man, 440 
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woman, and with unknown gender, respectively. 441 

 442 

Figure 2: Distribution of women co-authorship versus the number of total coauthors, split by a) man and b) woman first 443 

author.  The black dashed line shows where the number of men and women co-authors would be equal, i.e., the same amount 444 

of men and women contributing to each paper. 445 

 446 

 447 

Authors from tropical countries have contributed only 5% of the total number of cloud physics publications, with most 448 

of them coming from India, Brazil, Taiwan, Mexico, Indonesia, and Thailand. Table 1 shows that 77% of all analyzed 449 

studies were led by authors from only seven countries from the Global North (i.e., Canada, China, France, Germany, 450 

Japan, the UK, and the US). On the other hand, Fig. 4 1a also shows that the number role of tropical PIs with an who 451 

have an affiliation fromwith a tropical country has increased is increasing with time, especially in the last decade. 452 

However, the number of studies coming from this part of the world is very low. Although there are differences in the 453 

gender first authorship (Fig. 1b) in the articles published by author working in a tropical country, the gender gap is 454 

smaller when no geographic distinction is applied (Fig. 1b).  Figure 5c 3 shows that it is extremely rare that an tropical 455 

author with an affiliation from a tropical country is included as co-author in articles led by non-tropical authors without 456 

an affiliation from a tropical country. It was also found that the number of tropical coauthors affiliated with working 457 

in tropical country does not change if the lead author is a woman or man (not shown). The lack absence of leadership 458 

and participation from tropical authors with an affiliation affiliated with working in om aa tropical country areisis an 459 

example of the biased international collaboration network existing in the cloud physics community. The factors 460 

associated with this gap can be the limited funding, scientific facilities and infrastructure, lack of security for tenure, 461 

and underrepresented groups’ equality (Gazni et al., 2012; Yáñez-Serrano et al., 2022). 462 
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 463 

Figure 3: Distribution the number of papers versus the number of coauthors for three different categories with/without an 464 

affiliation from tropical country.  465 

 466 

The present data shows that in addition to the low number of studies published by tropical coauthors with an affiliation 467 

fromaffiliated withworking in a tropical country, on average, their indexed studies get published in lower-impact 468 

journals (impact factor IF=3.91, 95% confidence interval (CI): 3.72, 4.10 (n=287)) compared to their non-tropical 469 

peersauthors that do not work in a not affiliated with tropical country (IF=4.58, 95% CI: 4.28, 4.88 (n=6638)). 470 

However, it is important to note that the lower rates of English proficiency and the apparent “narrow impact” of some 471 

tropical studies from the tropics (based on e.g., desk rejections by Editors), could pressure authors to publish some of 472 

their studies in local (mostly non-indexed) journals with low visibility or accessibility to the community contributing 473 

to their overall lower IF (e.g., Solarino, 2012; Chavarro et al., 2017).  Also, the lack of English skills leads to linguistic 474 

discrimination, exacerbating the marginalization of non-native English authors, as demonstrated in different 475 

sociolinguistic studies (e.g., Dovchin, 2025; Brown and Laihonen, 2025). The publications led by women are accepted 476 

and published by journals having a similar IF (average IF 4.37, 95% CI: 4.26, 4.47 (n=1140)) as those led by men 477 

(average IF=4.62, 95% CI: 4.29, 4.96 (n=4491)). This is a positive finding indicating that papers usually get published 478 

in equally ranked journals from our community regardless of gender. 479 

It was found that the inclusion of authors working in a from tropical affiliationstropical country in the analyzed cloud 480 

physics studies is limited. Just 383 studies out of the 6987 analyzed papers have coauthors with an tropical 481 

affiliationworking in affiliated with  from a tropical country. Additionally, a qualitative analysis shows that out of the 482 

6987 analyzed papers, 44 studies were performed in tropical Africa or used data from this geographical region (as 483 

stated in the paper title); however, only seven of them (i.e., 16%) included a coauthor working in aith a tropical 484 

affiliationtropical country. Research practices in which scientists from wealthier countries conduct studies in lower-485 

income countries, often without meaningful collaboration or involvement with local researchers or communities, 486 

andcommunities and then publish the results without authorship acknowledgement or benefit to the locals, have been 487 

termed helicopter or parachute science. These practices have a colonial and extractivist legacy and may be perpetuated 488 

by the belief that Global North institutions have knowledge to be transferred to partners in the Global South (Gewin, 489 

2023; Stefanoudis et al., 2021; Odeny and Bosurgi, 2022; de Vos and Schwartz, 2022, and references therein). Our 490 



 

18 

 

results suggest that the so-called helicopter or parachute science (i.e., research practices in which scientists from 491 

wealthier countries conduct studies in lower-income countries, often without meaningful collaboration or involvement 492 

with local researchers or communities, and then publish the results without authorship acknowledgment or benefit to 493 

the locals) is unfortunately common in the cloud physics community; however, a deeper analysis is required to confirm 494 

this. It is important to note that our conclusion on parachute science needs to be caveated as the non-English papers 495 

were excluded from the present analysis. Therefore, it is possible that a different scenario would emerges if the 496 

excluded papers wereare considered. In support of this conclusions, a recent article reported that across 82 natural 497 

science journals tracked by The Nature Index, between 2015 and 2022, only 2.7% of the articles published featured 498 

collaborations between scientists in higher-income and lower-income countries (Baker et al., 2023). In these articles, 499 

for every three authors in the richer countries one author from the lower-income country was featured (Baker et al., 500 

2023). It is desirable that field studies performed in the tropics by research groups from the Global North guarantee 501 

the active inclusion and involvement of local research groups (or local scientists/students) to pursue more equitable 502 

collaborations. In doing so, local trainees acquire new knowledge and develop new local capacities to strengthen their 503 

scientific independence. It is important to note that this gap will be reduced more effectively if these collaborations 504 

involve technology transfer, equipment loan/donation, teaching courses to locals, and if the proposals are submitted 505 

by both parties. Although there is not a clear way to eliminate these practices, as highlighted by Ramírez-Castañeda 506 

et al. (2022) the following four principles should stand out when performing field work: be collaborative, be respectful, 507 

be legal, and be safe. 508 

 509 

 510 

Table 1. Percentage of cloud physics publications led by different countries in the last 50 years. Each country represents the 511 

location of the first author affiliation. Bold text highlights the countries labeled as tropical countries in the present study. 512 

 513 

First author 

country 

Fraction of 

publications 

First author 

country 

 Fraction of 

publications 

USA 43.90 New Zealand 
 

0.10 

Germany 8.09 Croatia 
 

0.10 

China 7.54 Indonesia 
 

0.07 

UK 6.43 Thailand 
 

0.07 

France 4.59 Bangladesh 
 

0.06 

Canada 3.48 Chile 
 

0.06 

Japan 3.45 Romania 
 

0.06 

India 2.86 Hong Kong  
 

0.06 

Israel 1.85 Cuba 
 

0.06 

Russia 1.79 Singapore 
 

0.04 

Switzerland 1.60 Egypt 
 

0.04 

South Korea 1.43 Turkey 
 

0.04 

Australia 1.30 Vietnam 
 

0.04 

Italy 1.20 Philippines 
 

0.04 
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Netherlands 1.19 United Arab Emirates 
 

0.03 

Sweden 1.13 Saudi Arabia 
 

0.03 

Finland 0.77 Rwanda 
 

0.03 

Spain 0.64 Zimbabwe 
 

0.03 

Taiwan 0.64 North Macedonia 
 

0.03 

Poland 0.57 Estonia 
 

0.03 

Brazil 0.46 Slovakia 
 

0.03 

Greece 0.39 Puerto Rico 
 

0.03 

Norway 0.34 Malaysia  
 

0.03 

Argentina 0.24 Nigeria 
 

0.01 

Hungary 0.23 Peru 
 

0.01 

Austria 0.21 Cote D'ivoire 
 

0.01 

Belgium 0.20 Niger 
 

0.01 

Serbia 0.17 Nepal 
 

0.01 

Denmark 0.17 Armenia 
 

0.01 

Mexico 0.17 Afghanistan 
 

0.01 

Iran 0.16 Cameroon 
 

0.01 

Czech Republic 0.14 Algeria 
 

0.01 

South Africa 0.13 Kenya 
 

0.01 

Bulgaria 0.11 Cyprus 
 

0.01 

Belarus 0.11 Botswana 
 

0.01 

Ireland 0.10 Unknown 
 

0.82 

Portugal 0.10 
   

 514 

3.2 Biographic description of sample from survey data 515 

The biographic information of the survey respondents is summarized in Fig. 4. Sixty seven percent of the 516 

participants were < 40 years old and 57.1% of the participants identified themselves as men, 41.4% as women, 517 

with 1.5% not identifying with the convention binary gender. The other categories possible for the 1.5% were 518 

Agender, two-spirited, nonbinary, and preferring not to respond which we categorized together as “other” due to 519 

the low numbers (pie chart in Fig. 4a). Seventy three percent of women and 58% of men were < 40 years old, 520 

while 26.813% of women and 41.625% of men were > 40 years old (Fig. 4a). The majority of participants 521 

identified themselves as heterosexual with 8% as LGBTQIA+ (Homosexual, Queer, Bisexual or Pansexual-listed 522 

by the respondents), and 5.6% preferred not to provide information on sexual identity (Fig. 4b). Figure 4b also 523 

shows the distribution of the highest academic degree obtained. The majority of the participants were students 524 

(from undergraduate to PhD) with 37% of women and 32% of men reporting this category. Also, most women 525 

(57%) were early career researchers (undergraduate to Post-doctoral level inclusive) compared to 53% of men 526 

being mid-senior career (above Post-doctoral level), as shown in Fig. 4b. The highest missing data rates from 527 

“prefer not to respond” options came from questions about perception and experience (8-19%, n=15-35 from Qs 528 

27, 31 and 47). These are rather qualitative questions in the survey and therefore could be a reason for the high 529 
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missing data, if respondents were not confident that their perceptions of experience were in fact too qualitative 530 

for a response. In other words, the highest missing data were from questions that seeked a yes/no qualitative 531 

opinion. The missing data for questions that may be considered private or intrusive is quite low (Table S2) with 532 

the highest being that about ethnicity (n=4, 2.2%), whereas the highest in the survey came from a question on 533 

perception of the increase in women in research past the PhD level (n=35, 19%). 534 

Information on the ethnicity of the participants can be found in Fig. 4c, with the majority identifying as Wwhite 535 

(115 respondents), followed by POGM (77 respondents), and 6 respondents preferred not to identify their 536 

ethnicity. This trend agrees with the overall geoscientist PhD awardees in the US, where Wwhite people represent 537 

>90% (Dutt, 2020). For a given race, there were more men than women or hardly any difference between the two 538 

genders, except for Hispanic or Latin X where women represented 79% of this race. In the participants’ own 539 

perception, only 23% identified themselves as historically excluded. We note that these numbers do not match up 540 

with the ethnicity stratified by gender in Fig. 4c because three respondents either preferred not to respond to the 541 

gender question, identified as non-binary or as scientists. Participants came from a wide variety of countries (by 542 

birth and country of residence) as seen in Fig. 4d, with the majority from USA, Germany, and India. The 543 

difference between these two bars (residence vs. birth country) indicates the number of foreign researchers in 544 

each country. For example, if the country of birth bar is lower than the country of residence, this implies that more 545 

foreigners occupy research positions (at all levels) in that country. However, if these two bars are similar it does 546 

not necessitate the absence of foreigners. On the other hand, if the country of birth bar is higher than the country 547 

of residence, it shows that more local scientists are working in the country at the time of the survey.  548 

 549 

 550 
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 551 

Figure 4: Cloud physics survey biographic data obtained from a total of 198 respondents showing their age, gender, 552 

ethnicity, and role distributions. 553 

3.3 DEI general perceptions from the survey 554 

To evaluate the general experiences of the cloud physicists about inclusivity in their working environments, we 555 

first describe our findings and then present the outcomes on questions regarding hostility, bullying, and 556 

supervision across those who identify as Wwhite and historically excluded. We use the terminology of women 557 

and men in preference to male and female to represent gender and not biological sex, consistent with the question 558 
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asked in the survey (see supplementary information for questionnaire).  559 

It was encouraging that most respondents (70%) felt included in the cloud physics community, but a closer look 560 

at the 30% who did not feel included reveals that the majority were < 40 years old; 35% of this age group did not 561 

feel included in the community (Fig. 5a). Out of the total respondents, the percentage of men and women who do 562 

not feel included is similar. When considering the feeling of exclusion amongst participants who identified as part 563 

of the LGBTQIA+ community the fraction increases from 30% to 44% (not shown). This is not exclusive to the 564 

cloud physics community as this is also the case for LGBTQIA+ geoscientists (Le Bras, 2021; Marin-Spiotta et 565 

al., 2023). We also found that a third (28%) of those who identified as POGM (i.e., South- or East-Asian, Hispanic, 566 

LatinX, Black or Mixed-race) indicated not feeling completely included in the cloud physics community (not 567 

shown). It is important to note that the feeling of inclusion means different things to different people. Therefore, 568 

these results must be interpreted with caution. 569 

Majority of respondents (60%) perceived their workplace to be sensitive to gender issues, of which women and 570 

men comprised 58% and 61%, respectively. The small difference is consistent with random variation. Statistically 571 

and practically, there is no meaningful differences between genders, suggesting a concerted effort for workplace 572 

sensitivity (see Fig. 5b). This perception changes when considering the LGBTQIA+ community (N = 16) as 56% 573 

of them (N = 915) did not perceive their workplace to be sensitive to gender issues. A large portion of participants 574 

(75%) reported that their gender does not impact their scientific career, but for the remainder 25%, who do feel 575 

an impact, 69% were woman (Fig. 5c). This difference is statistically significant (χ²(1) = 18.60, p < 0.001, 576 

Cramér’s V = 0.31), indicating a moderate association between gender and perceived career disadvantage, as 577 

reported in other fields (e.g., Cambois et al., 2017; Gibney, 2017). Participants indicated different ways in which 578 

they felt gender sensitivity was lacking. For example, one participant indicated that during her interview process 579 

for professorship, several instances of topics that are illegal in the respective country were raised surrounding 580 

marital status and family planning. In their role, the respondents thought that “women in the program were 581 

disproportionately asked for service work and to serve on more committees than the men faculty”. On the other 582 

hand, a small number of respondents indicated that they were at a disadvantage due to positive discrimination 583 

because they belonged to the most represented gender group (men). The majority of comments from women 584 

referred mostly to childbirth and childcare as a disadvantage and included a claim that not enough institutional 585 

support is available for normalizing these rights of passage for women. Finally, when the participants were asked 586 

if their perception of the number of women at the pPost-doctoral level and above has increased over the course 587 

of their career, 65% of men agreed vs. only 50% of women (the difference is not statistically significant (χ²(1) = 588 

2.14, p = 0.144, Cramér’s V = 0.13). Despite the disparity, these opinions resonate with the numbers of the survey 589 

which showed early career researchers were mostly women. Note that we have targeted women because there has 590 

been a huge focus in the geosciences in the last decade (Stokes et al., 2015; Popp et al., 2019; Pico et al., 2020; 591 

Ranganathan et al., 2021; Koffman et al., 2023; Bernstein, 2024), to bring in gender equality and the gender parity 592 

has largely been assessed on men and women using binary genders. 593 

 594 
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 595 

Figure 5: Cloud physics survey (total 198 respondents) on inclusivity and negative impact of gender issues and historically 596 

exclusion identity on scientific careers. For all panels, in parenthesis the number of absolute respondents for the respective 597 

category is given. Panels with questions below indicate the main question and those with questions above the plot are sub-598 

questions. 599 

When asked if students or colleagues from a historically excluded group (specified as minority and disability in the 600 

survey) are equitably treated in their working environment, 81% agreed. Although 46 respondents (24%) identified 601 

themselves as part of a historically excluded group (Fig. 5d), only 21 (46%) reported that their career was negatively 602 

affected (Fig. 5d) by being underrepresented in different ways, spanning from collaborations to publishing and having 603 

access to funding, among others (Fig. 5e). Seventy-six percent of the respondents who self-identified as being part of 604 
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historically excluded groups indicated working with research group members who also that belong to a historically 605 

excluded group. This percentage is lower (48%) for those who did not identify as historically excluded, suggesting a 606 

lower diversity in the non-historically excluded cases. Ten participants indicated they have disabilities including 607 

physical, mental, and neurological, potentially placing them in a historically excluded group. Six of the 10 participants 608 

felt excluded in their academic career or working environment because of their disability, and four of them felt that 609 

being part of a disability group negatively affected their scientific career. However, is it important to note that this 610 

number can be higher as adults with disabilities are typically underreported (Schneiderwind and Johnson, 2021). 611 

Although the terms bullying and harassment are not strictly synonyms (Einarsen, 2000), the way the question was 612 

formulated in the survey could have led participants to understand that these concepts were the same. One third (33%) 613 

of the respondents experienced a form of bullying or harassment from someone in the cloud physics community (Fig. 614 

6a). A higher fraction of women, 44% compared to 27% of men reported having experienced harassment, a difference 615 

that was statistically significant (χ²(1) = 5.70, p = 0.017, Cramér’s V = 0.18). This aligns with the concept of 616 

intersectionality, where overlapping historically excluded social identities and positions can increase the likelihood of 617 

discrimination (Crenshaw, 1991). Women being a targeted in higher proportions was also reported in Namie et al. 618 

(2014). The proportion of respondents who experienced harassment increased with age (see Fig. 6a) with 41% of 619 

participants > 40 years old having experienced harassment. This trend could be explained by the increased probability 620 

of experiencing harassment with time spent in the field, or a more recent evolution in an awareness of harassment 621 

behavior related to work activities resulting in less harassment experience in the lower age category; however, since 622 

we did not ask when the bullying occurred it is not possible to identify which aspect explains the outcome. When 623 

stratified by ethnicity (Fig. 6a), 40% of the Wwhite vs. 26% of POGM respondents reported harassment. The 624 

difference is not statistically significant (χ²(1) = 2.63, p = 0.105, Cramér’s V = 0.12). A lower fraction of GM women 625 

(30.5%, n=36) reported experiencing bullying and harassment whereas this number was 69.5% for White women. The 626 

sample size prevents statistical verification of this pattern. At first this is surprising as it does not align with expected 627 

intersectionality. However, we speculate that there could be a difference in perception between White and GM women 628 

of what bullying and harassment entails and its perception. Indeed, it has been reported that personal life circumstances 629 

and a strong sense of identity in GM groups heavily confound how bullying is perceived and can be difficult to measure 630 

(Xu et al., 2020). The reference to intersectionality is interpretive, it offers a possible lens for understanding, not a 631 

statistically proven explanation. Therefore, the reported percentages are to be taken with a caveat because of the small 632 

numbers. The present results are in somewhat in agreement with those reported by Marin-Spiotta et al. (2023), who 633 

found in a much larger survey applied to geoscientists, that harassment (specifically sexual harassment) is experienced 634 

by historically excluded groups at higher rates.       635 

The term hostility used below is related to a hostile working environment, as stated in the survey. Most respondents 636 

did not experience hostile working environments because of their gender, ethnicity, sexual orientation or disability 637 

(Fig. 6b). However, from the 21% who did experience hostility (see Fig. 6b), women were the majority, with 37% 638 

compared to 10% of men reporting having experienced hostile working environments. This difference is statistically 639 

significant (χ²(1) = 18.46, p < 0.001, Cramér’s V = 0.33), indicating a moderate association between gender and 640 

reported hostility. By age, the trends were similar for the harassment, where 25% of respondents > 40 years old 641 
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reported having experienced hostile working environments versus 18% of respondents under the age of 40. Both the 642 

time spent in the field and the recent evolution of sensitivities in the workplace could account for the lower percentage 643 

in the younger group. Lastly, 24.4% of the Wwhite and 14.3% of the GM participants reported experiencing hostile 644 

environments. This difference was not statistically significant (χ²(1) = 2.38, p = 0.123, Cramér’s V = 0.118), indicating 645 

a very small association. 646 

Only 29% of respondents (9 % women and 20 % men) had supervised students (BSc., MSc. or PhD.) or employees 647 

from tropical countries. This translates to 35 % of the men and 21% of the women respondents supervising personnel 648 

from tropical countries (Fig. 6c). When stratified for ethnicity, men were still the majority to have supervised 649 

employees from tropical countries in both the White and GM categories. The majority of respondents who had 650 

supervised people from tropical countries were unsurprisingly dominated by older respondents (70% were above 40 651 

years), who were majority men in the White category (Fig. 6c). White respondents who supervised personnel from 652 

tropical countries increased with age, whereas in the POGM category the proportion decreased with age. This reflects 653 

the decreasing proportion of senior to mid-career respondents in the POGM category as seen in Fig. 6c or the recent 654 

increase in awareness of DEI and thus only reflected in the younger (< 40 years population) population of the GM 655 

respondents. The percentage of White respondents (31%) who supervised personnel from tropical countries was not 656 

significantly different from the POGM category (27 %), (χ²(1) = 0.15, p = 0.70, Cramér’s V = 0.03) indicating no 657 

meaningful association between ethnicity and supervision. There was a statistically insignificant difference between 658 

the proportion of men supervisors by ethnicity, where 40% of White men and 29.5% of GM men (χ²(1)=0.84, p=0.36, 659 

Cramér's V=0.09) had supervised personnel from tropical countries (Fig. 6c), while the trend was opposite (still not 660 

significant) in women, where 18.4% of White women and 25% of GM women (χ²(1)=0.19, p=0.66, V=0.05) had 661 

supervised people from tropical countries.  662 

Only 28% of total respondents (22% of women and 32% men respondents) were supervised by someone from 663 

developing or tropical country. Most of the 28% was made up of younger participants (< 40 years old, 76% vs. above 664 

40 years old, 20%) regardless of ethnicity. Most respondents who had a supervisor from a developing or tropical 665 

country were POGM (74.5%) vs White (22%) (Fig. 6d). Fifty-three percent of the GM respondents had a supervisor 666 

from a developing or tropical country compared to only 10.4% of the White respondents. This implies that GM 667 

respondents were more likely to get an offer from or accept a position in a group led by someone from a developing 668 

or tropical country.     669 

 670 

 671 

Overall, from the survey it is evident that women researchers are disproportionately affected by harassment, bullying, 672 

and hostile working environments regardless of ethnicity (see Fig. 6). This aspect may result in a negative gender 673 

feedback, discouraging women from remaining in academia and research in the cloud physics community (see Section 674 

3.5). The diminishing number of women scientists as they move up the career ladder has been described as a leaky 675 

pipeline (Wolfinger et al. 2008). However, as Berhe et al. (2022) argue, a hostile obstacle course more aptly reflects 676 

the structural and systemic problems, the fact that barriers have at least unconsciously been put in place and are 677 
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sustained, and that the obstacles "selectively slow down scholars from historically excluded groups. We find a 678 

consensus (67% of total respondents) that collaborating with colleagues and institutions from developing countries 679 

(no latitudinal definition was given for this question) is key for the further development of the cloud physics field yet 680 

only 42.4% of the respondents had already done so. In fact, a large fraction of the survey participants (60.6%) were 681 

not planning to avail themselves to the opportunity in the future. In fact, 33% of the respondents did not have an 682 

opinion or did not agree that it was important to collaborate with colleagues from developing countries. The 33% who 683 

did not agree or have an opinion were made up of 34% of the women vs. 30% men. There is also a bias for GM 684 

respondents being supervised by GM people (Fig. 6d), but for the majority of GM students or employees, their 685 

supervisors are White (Fig. 6c). Only 35% of men and 21% of women supervised students or staff from tropical 686 

countries. 687 

 688 

Figure 6: Stratification by age, gender, and ethnicity for respondents who a) experienced bullying and harassment by 689 

someone from the cloud physics community; b) experienced a hostile working environment due to their gender, ethnicity, 690 

sexual orientation or disability; c) supervised personnel from developing or tropical countries defined as between 23°N and 691 
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23°S; d) were supervised by someone from developing or tropical countries defined as between 23°N and 23°S. Note that 6 692 

respondents opted not to disclose their ethnicity. 693 

3.4 Improving future climate projections by increasing data coverage in the Tropics 694 

To better describe the climate and develop future projections, it is fundamental to improve field observation coverage 695 

globally. Although the social, economic, environmental, pollution, biodiversity, and geographical characteristics of 696 

the tropics significantly differ from those in mid- and high-latitudes, the majority of the cloud physics field studies 697 

(both continental and maritime), have been performed in the Global North countries (e.g., DeMott et al., 2010; 698 

Beswick et al., 2015; Paramonov et al., 2015; Welti et al., 2020; Choudhury and Tesche, 2022). This excludes 699 

important information related to aerosols and clouds needed to accurately simulate the climate of our planet. The 700 

tropics represent a rich source of biodiversity (Raven et al., 2020) that produce aerosol particles with a range of 701 

physicochemical properties (Adams et al., 1983; Raemdonck et al., 1986; Li et al., 2003; Després et al., 2012; Mayol 702 

et al., 2017; Ladino et al., 2019), such as biomass and waste burning, incomplete combustion of low-quality fuels, 703 

agricultural, and industrial emissions, mineral dust emissions (Wentzel et al., 1999; Eck et al., 2003; Beirle et al., 704 

2004; Le Canut et al., 1996; Tian et al., 2015) with implications to impact the climate system on a regional and global 705 

scale (Andreae et al., 2009; Yakobi-Hancock et al., 2013). The tropics are also characterized by vast amounts of 706 

precipitation and cloud cover, especially at the Intertropical Convergence Zone (ITCZ) and the South Pacific 707 

Convergence Zone (SPCZ) (Lohmann et al., 2016; Mülmenstädt et al., 2015). Mesoscale convective systems (MCSs) 708 

resulting in vast amounts of precipitation are prevalent in the tropics between December and February (Wang et al., 709 

2019). The aforementioned characteristics place the tropical latitudes as important data spots for field measurements 710 

to determine the role that tropical emissions play in the climate system at different scales, aiding improved future 711 

climate projections (Baumgardner et al., 2012; Cesana and Storelvmo, 2017; Schneider et al., 2017; Heymsfield et al., 712 

2017; Finney et al., 2018; Burrows et al., 2022). Cloud physics field studies are also very important to obtain in-situ 713 

information to validate satellite observations, validate reanalysis calculations, and to develop parameterizations for 714 

their inclusion in climate models (e.g., DeMott et al., 2010; Baumgardner et al., 2012; Reutter et al., 2020; Burrows 715 

et al., 2022). 716 

The role of tropical scientists with an affiliation from working in a affiliated withtropical country as PIs or 717 

collaborators is limited as shown in the analysis of the work presented here (see Figure 41). Even though the survey 718 

respondents agree that establishing collaborations with Global South scientistswith an affiliation from working in a 719 

affiliated withcountry is important for the development of the cloud physics field, as stated above 60% of them are 720 

not planning for this. We need to incorporate changes and strategies in our community to increase the global coverage 721 

of field measurements that would provide the needed information for model validation to improve future climate 722 

projections for the whole globe, including the tropics. Achieving this with avoiding parachute science and promoting 723 

studies led by tropical scientists working in a affiliated with a affiliation from a tropical country is crucial, as is 724 

reflected by the low number of tropical co-authorships with an affiliation from a tropical country in (Figure 14). 725 

 726 
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3.5 Tracing Scopus author ID to identify the rate of gender retainment 727 

The Scopus author ID allows counting the scientific contributions of each (co-)author in the metadata database. To 728 

investigate how long each author stayed in the cloud physics field, we classified the year they first (co-)authored a 729 

publication and the years until their last indexed cloud-physics-focused contribution. The frequency analysis of this 730 

data is shown in Fig. 67. WeIt was found that the number of entries into the field has increased in each five-year 731 

interval. However, rates of decline (the slopes in Fig. 67), i.e. scientists leaving the field, have increased at the same 732 

time. This is in line with the common perception that while scientific fields are growing, secure positions and long-733 

term prospects for staying in academia are not increasing (Afonso, 2014). 734 

Again, it is obvious thatAs shown in Fig. 1, women scientists started appearing in the community only after 1985. 735 

Initially, they left the field faster than men (1990-1995). However, in recent years, after 1995, we see no difference in 736 

years between the genders in how long they remain in the cloud physics field judging by publication activity. Since 737 

this analysis did not take academic positions into account, we cannot make a definitive statement on the retention and 738 

success of women in cloud physicsleaky pipeline (Wolfinger et al., 2008). Judging from the publication output alone, 739 

we do not find evidence for women leaving the field faster than men. With increasing proportions of women starting 740 

in the field, this can act to increase their proportions in the field overall (Jacob and Teichler, 2011; Hirschauer, 2016). 741 

However, while the relative number of scientists staying in the field seems to have become equal, the total numbers 742 

of scientists entering the field are far from being equal (see Figure 67). The share of women has increased for each 743 

age class, but even in the most recent age class, between 2015 and 2020, only about a third of new-coming scientists 744 

were women. 745 

 746 
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 747 

 748 

Figure 76: Frequency distribution of the years that specific scientists were co-authoring publications in the 749 

metadata analysis database, separated by gender. The rows represent the time period in which any given scientist’s 750 

first co-authored paper was published. The last paper the scientist co-authored determines the position on the x-751 

axis and is taken to be an indication of when the scientist left the field or academia. The time periods as well as the 752 

total numbers of woman (man) authors are given in green (orange) on the right, inside of each plot. The mean time 753 

period within the field is given on the right outside each plot (𝒕), together with the p-value for a Mann-Whitney 754 

test comparing the distributions for men and women, which indicates that they show no significant differences at 755 

a significant level of 5% (which would be even smaller taking multiple testing into account). An example is given 756 

in the fifth panel, highlighted with a dark green edge: of the 30 women co-authoring their first publication, i.e. 757 

entering the field between 1990 and 1995, 10% stayed in the field for 17 years (the years until their last co-authored 758 

publication). 759 

3.6 Limitations 760 
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Although the present study reached important conclusions to understand how diverse, equitable, and inclusive the 761 

cloud physics community is, there are different limitations that inhibit us from going deeper into our analysis and 762 

that did not allow us to reach more robust conclusions. For example, the number of the survey respondents is 763 

small (n=198), and hence, some of the conclusions need to be taken with caution. On the other hand, in the 764 

metadata analysis, non-English publications (n=97, 1.18% of the publications) were included, which could have 765 

biased the conclusions related to parachute science as well as those for authors working in a tropical country. It 766 

is also important to note that the usage of genderize.io to assign the gender of the authors is only a good 767 

approximation, it is binary, and it has some bias. Additionally, as IF was the only used journal metric to evaluate 768 

the access of the authors to high profile journals, and as it has been highlighted as a flawed metric of the 769 

performance of individual researchers (Editorial, 2013), the obtained conclusions could be misleading. Finally, 770 

as the authors could have taken career pauses and/or shifts, and this may be different between men and women, 771 

the analysis shown in Section 3.5 could be slightly bias.   772 

4 Conclusions 773 

To evaluate how diverse, equitable, and inclusive the cloud physics community is, two different approaches were used: 774 

a survey, which was distributed in summer 2021 within the community and an extensive metadata analysis of 6987 775 

cloud physics peer-reviewed articles from Scopus, which were published between 1970 and 2020. The survey focused 776 

on topics of diversity and inclusion. 777 

The overall conclusion from this study is that the cloud physics community follows other geosciences fields and needs 778 

continued efforts on DEI. Although the representation of women in the cloud physics community has increased after 779 

ca. 1997, the community is still far from reaching a gender parity. It is remarkable that most of the publications in this 780 

field (77%) come from just seven countries, all in the Global North. Additionally, the lead authors on papers are mostly 781 

White men with a clear lack of gender diversity and Global South collaborators with an affiliation from a tropical 782 

country. The observed gender inequality highlights the fact that although programs, policies, and inclusive 783 

environments are developed to promote gender equity, there are still gaps that require attention. 784 

While the majority of the cloud physics community feel included, a considerable number, particularly those who are 785 

young (< 40 years old), women, or LGBTQIA+, do not feel fully included in the community. The survey data also 786 

indicates that there are concerns with harassment and hostility of scientists within the cloud physics community, with 787 

a larger proportion of older women scientists reporting such issues. Tropical Cco-authors working in a tropical country 788 

participation is also limited compared to those from the Global North. The absence of leadership and engagement 789 

from tropical academics working in a tropical country, as shown in Fig. 1, is an illustration of the cloud physics 790 

community’s geographically biased worldwide collaboration network. 791 

Despite the observed lack of diversity and equity in the cloud physics community, it was found that men and women 792 

authors publish their indexed articles in journals with comparable IF. However, the articles from tropical authors 793 

working in a tropical country typically get published in indexed journals with lower IF, and in some cases, their articles 794 

inevitably end up being published in local non-indexed and non-English journals due to language barriers which we 795 

believe is compounded by lack of funding for research (including the additional services for language editorial 796 
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services). 797 

Is the lack of diversity a problem of gate keeping, or historically excluded groupsminorities being unable to sustain 798 

career paths in the field? The present results suggest that on the one hand, women report more frequent concerns with 799 

harassment and hostility which supports the notion of people from historically excluded groupsminorities are unable 800 

to sustain career paths in the field. Nevertheless, the metadata paints a different picture: the difference between the 801 

academically active years of men and women has decreased in the past 50 years, meaning that women are increasingly 802 

retained in the cloud physics community. At least this can be concluded by the absence of a notable difference between 803 

the frequency of first and last year of publication between the genders. However, the prevalence of women entering 804 

the publishing process in the cloud physics field remains far from equitable. 805 

Increasing inclusion and diversity is essential to promote fairness and equal chances for all authors. Furthermore, 806 

expanding data coverage in the tropics is critical for a better understanding of the Earth’s climate. As a result, the 807 

scientific community must collaborate to address these gaps and encourage fair collaboration and opportunities for all 808 

scientists in order to increase the quality of scientific research. Finally, fostering a more inclusive and welcoming 809 

environment within the cloud physics community will benefit not only individuals who are currently underrepresented 810 

or marginalized, but it will also help to foster a more productive and collaborative research culture that can better 811 

address the complex challenges facing the field. Lastly, the following recommendations could provide a guideline on 812 

how to achieve a more diverse, equitable, and inclusive community: 813 

• Provide institutional resources for diversity and inclusion training that align with the ethical responsibilities 814 

to be adhered to at all levels, from undergraduate students to senior professors. This should extend beyond 815 

just recruiting, but be available to facilitate the careers after recruiting.  816 

• Promote, facilitate, and secure the participation of graduate students and early careers scientists from the 817 

Global South in the most important cloud physics academic events that take place annually, especially those 818 

organized by the ICCP (i.e., workshops, conferences, etc.) 819 

• Persons in reviewer roles for conferences, funding applications, and peer-reviewed articles should receive 820 

training on how to avoid unconscious bias in treating submissions from women, minorities or scientists from 821 

historically excluded groups and from tropical countriesthe Global South fairly, solely focusing on the 822 

science. 823 

• Seek a gender balance and pursue individuals from minority historically excluded and underrepresented 824 

groups for faculty positions, editorial boards, scientific committees, awards, and review panels. 825 

• Foster a culture of inclusivity in which scientists of all backgrounds experience a sense of belonging (instead 826 

of bullying or harassment). This can be achieved by promoting respect for diverse opinions and increasing 827 

the visibility and retention rate of diverse opinions and ideas. 828 

• Journals should implement policies to avoid the practice of parachute or helicopter science and promote fair 829 

collaborations where support for colleagues from the Global South prevails. 830 
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• Increase the number of submitting proposals led by Global South scientists working in a tropical country in 831 

collaboration with Global North research groups. Building partnerships and collaborations across 832 

institutions and regions can help break down silos in science and promote diversity of thought. 833 

• Funding agencies should prioritize projects conceived and led by researchers in the Global Southwith an 834 

affiliation from a tropical country and must provide partnership, mentorship and supervision programs that 835 

encourage underrepresented groups in science, which aim to build resources in economically disadvantaged 836 

countries. 837 

• Foster a sense of community which can be a powerful motivator for collaboration and engagement, which 838 

can be achieved through events and activities that bring different scientists together, such as workshops, 839 

seminars or social events. 840 

• Support and promote DEI initiatives such as the Latin America Early Career Earth System Scientist Network 841 

(LAECESS, Yáñez-Serrano et al 2022) or the Directions for future research and applications on clouds, 842 

precipitation, and extreme weather in Africa workshop (https://www.cloudsfor.africa/). 843 

•  844 

 845 

Acknowledgments 846 

The authors thank Ellen Gute for sharing her ideas and comments related to the project. UP thanks the participants of 847 

the EGU22 and EGU23 “Promoting and supporting equality, diversity and inclusion in the geosciences” session for 848 

inspiration, discussions and feedback. ZAK and UP thank the atmospheric physics group at ETH for feedback on the 849 

survey and metadata analysis. UP has received funding from the EU Horizon 2020 research and innovation programme 850 

under grant agreement no. 821205 (FORCeS) and from a personal PostDoc.mobility grant (number 217899) entitled 851 

“The human factor in the construction of a new generation Earth System Model” from the Swiss National Science 852 

Foundation. ZAK acknowledges this project has received funding from Horizon Europe Programme under Grant 853 

Agreement No 101137680 via project CERTANTY (Cloud -aERosol inTeractions & their impActs IN The earth 854 

sYstem”. We thank the four anonymous reviewers and the Editor (Prof. David Crookall) for the time spent in reading 855 

and reviewing our study. Their suggestions and comments helped us to significantly improved the manuscript. 856 

Data Availability Statement 857 

The survey questionnaire and the algorithm used to collect data and analyze the articles can be found in the 858 

supplementary information file. The code for analysis of the metadata can be found at https://doi.org/10.3929/ethz-b-859 

https://doi.org/10.3929/ethz-b-000654489


 

33 

 

000654489. The data used to produce the figures in this paper has been uploaded at 860 

https://polybox.ethz.ch/index.php/s/tAPD5mkAKZeRDDP  (private link for review) and upon acceptance of the paper 861 

will be uploaded to the ETH repository with a persistent DOI in the form: https://doi.org/10.3929/ethz-b-862 

XXXXXXXXX. 863 

Declarations 864 

This research has been approved by the Texas Tech University Institutional Review Boards (IRB) named IRB2021-865 

472: Diversity, Equity, and Inclusion in the Cloud Physics Community. The survey was conducted anonymously and 866 

did not contain any direct identification (i.e., name or place of employment of the participants). 867 

Conflict of Interest 868 

The authors declare that they do not have any conflict of interest. This research did not receive any specific grant from 869 

funding agencies in the public, commercial, or not-for-profit sectors. 870 

 871 

 872 

References 873 

Abramo, G., D’Angelo, C.A., and Murgia, G.: Gender differences in research collabo- ration. J. Informetr., 874 

7(4), 811–822. https://doi.org/10.1016/j.joi.2013.07. 002, 2013. 875 

Abramo, G., D’Angelo, C.A., and Di Costa, F.: The effects of gender, age and academic rank on research 876 

diversification. Scientometrics, 114(2), 373–387. https://doi.org/10. 1007/s11192-017-2529-1, 2018. 877 

Adams, F., Van Espen, P., and Maenhaut, W.: Aerosol composition at Chacaltaya, Bolivia, as determined 878 

by size-fractionated sampling. Atmos. Environ., 17(8), 1521–1536. https://doi.org/10.1016/0004-879 

6981(83)90306-2, 1983. 880 

Adams, J.D., Black, G.C., Clemmons, J.R., and Stephan, P.E.: Scientific teams and institutional 881 

collaborations: Evidence from U.S. universities, 1981–1999. Res. Policy, 34(3), 259–285, 882 

https://doi.org/10.1016/j.respol.2005.01.014, 2005. 883 

Afonso, A.: How academia resembles a drug gang. Available at SSRN 2407748, 2014. 884 

Aksnes, D.W., Rorstad, K., Piro, F., and Sivertsen, G.: Are female researchers less cited? A large- scale study 885 

of Norwegian scientists. J. Am. Soc. Inf. Sci. Tec., 62(4), 628–636. https://doi.org/10.1002/asi.21486, 2011. 886 

Almouzni, G.: Diversity in research, research in diversity. https://erc.europa.eu/news-events/magazine-887 

https://doi.org/10.3929/ethz-b-000654489
https://polybox.ethz.ch/index.php/s/tAPD5mkAKZeRDDP
https://doi.org/10.1016/j.joi.2013.07.002
https://doi.org/10.1016/j.joi.2013.07.002
https://doi.org/10.1007/s11192-017-2529-1
https://doi.org/10.1007/s11192-017-2529-1
https://doi.org/10.1016/0004-6981(83)90306-2
https://doi.org/10.1016/0004-6981(83)90306-2
https://doi.org/10.1016/j.respol.2005.01.014
https://doi.org/10.1002/asi.21486
https://erc.europa.eu/news-events/magazine-article/diversity-research-research-diversity


 

34 

 

article/diversity-research-research-diversity, 2024 (Last access: June 14, 2026) 888 

AlShebli, B.K., Rahwan, T., and Woon, W.L.: The preeminence of ethnic diversity in scientific collaboration. 889 

Nat. Commun., 9(1), 5163. https://doi.org/10.1038/ s41467-018-07634-8, 2018. 890 

Andreae, M.O., Hegg, D.A., and Baltensperger, U.: Sources and Nature of Atmospheric Aerosols. In: Levin 891 

Z, Cotton WR (eds) Aerosol Pollution Impact on Precipitation. Springer Netherlands, Dordrecht, p 45–89, 892 

https://doi.org/10.1007/ 978-1-4020-8690-8 3, 2009. 893 

Apaaril, K.: The new diversity, equity and inclusion (DEI) realities and challenges. HR: The new agenda. 894 

KR Publishing, 2021.  895 

Arosoaie, A., Hennessy, E., Marín-Spiotta, E., and Hepler-Smith, E.: White Supremacy, Scientific Racism, and 896 

Extractivism. Sci. Educ., https://doi.org/10.1007/s11191-025-00715-3, 2026. 897 

Atiles, J. and Rojas-Paez, G.: Coal Criminals: Crimes of the Powerful, Extractivism and Historical Harm in the Global 898 

South. Brit. J. Criminol., 62(5), pages 1289–1304, https://doi.org/10.1093/bjc/azac050, 2026. 899 

Baker, S., Crew, B., Dargie, R., and Payne, D.: North-south collaboration. Nature Index, 624, S1. 900 

https://doi.org/10.1038/d41586-023-03901-x, 2023. 901 

Barber, P.H., Hayes, T.B., Johnson. T.L., Marquez-Magaña, L. and 10,234 signatories: Systemic racism in 902 

higher education. Science, 369(6510), 1440–1441. https://doi.org/10.1126/science.abd7140, 2020. 903 

Baumgardner, D., Avallone, L., Bansemerm A., Borrmann, S., Brown, P., Bundke, U., Chuang, P.Y., Cziczo, D., 904 

Field, P., Gallagher, M., Gayet, Heymsfield, A., Korolev, A., Krämer, M., McFarquhar, G., Mertes, S., Möhler, O., 905 

Lance, S., Lawson, P., Petters, M.D., Pratt, K., Roberts, G., Rogers, D., Stetzer, O., Stith, J., Strapp, W., Twohy, C.,  906 

and Wendisch, M.: In situ, airborne instrumentation: Addressing and solving measurement problems in ice 907 

clouds. B. Am. Meteorol. Soc., 93(2), ES29–ES34. https://doi.org/10.1175/BAMS-D-11-00123.1, 2012. 908 

Beirle, S., Platt, U., Wenig, M., and Wagner, T..:  Highly resolved global distribution of tropospheric 909 

NO2 using GOME narrow swath mode data. Atmos. Chem. Phys., 4(7), 1913–1924. https://doi.org/10.5194/acp-910 

4-1913-2004, 2004. 911 

Berhe, A. A., Barnes, R. T., Hastings, M. G., Mattheis, A., Schneider, B., Williams, B. M., and Marín-Spiotta, 912 

E.: Scientists from historically excluded groups face a hostile obstacle course. Nat. Geosci., 15, 2–4, 913 

https://doi.org/10.1038/s41561-021-00868-0, 2022. 914 

Bernard, R.E., and Cooperdock, E.H.G.: No progress on diversity in 40 years. Nat. Geosci., 11(5), 292–295. 915 

https://doi.org/10.1038/s41561-018-0116-6, 2018. 916 

 917 

Bernstein, D.: A Path to Gender Equity in the Geosciences: Empowering Women Postdocs. Bull. Am. Meteorol. Soc., 918 

105(3), E686-E689, https://doi.org/10.1175/BAMS-D-22-0116.1, 2024. 919 

Beswick, K., Baumgardner, D., Gallagher, M., Raga, G.B., Minnis, P., Spangenberg, D.A., Volz-Thomas, 920 

https://erc.europa.eu/news-events/magazine-article/diversity-research-research-diversity
https://doi.org/10.1038/s41467-018-07634-8
https://doi.org/10.1038/s41467-018-07634-8
https://doi.org/10.1007/978-1-4020-8690-8_3
https://doi.org/10.1007/978-1-4020-8690-8_3
https://doi.org/10.1038/d41586-023-03901-x
https://doi.org/10.1126/science.abd7140
https://doi.org/10.1175/BAMS-D-11-00123.1
https://doi.org/10.5194/acp-4-1913-2004
https://doi.org/10.5194/acp-4-1913-2004
https://doi.org/10.5194/acp-4-1913-2004
https://doi.org/10.1038/s41561-018-0116-6
https://doi.org/10.1175/BAMS‑D‑22‑0116.1


 

35 

 

A., Nedelec, P., and Wang, K.Y.: Properties of small cirrus ice crystals from commercial aircraft 921 

measurements and implications for flight operations. Tellus B, 67(1), 27876. 922 

https://doi.org/10.3402/tellusb.v67.27876, 2015. 923 

Botts, T.F., Bright, L.K., Cherry, M., Mallarangeng, G., and Spencer, Q.: What is the state of blacks in philosophy? 924 

Critical Philosophy of Race, 2(2), 224–242. https://doi.org/10.5325/critphilrace.2.2.0224, 2014. 925 

Cambois, E.; Garrouste, C.; Pailhé, A.: Gender career divide and women’s disadvantage in depressive symptoms and 926 

physical limitations in France. SSM Population Health, 3, 81–88, https://doi.org/10.1016/j.ssmph.2016.12.008, 2017. 927 

Brown, K. D., and Laihonen, P.: Marginalisation: non-dominant language learning and teaching from a comparative 928 

perspective. Comp. J. Comp. Int. Educ., 55(2), 155-173, https://doi.org/10.1080/03057925.2023.2234281, 2025. 929 

Burrows, S.M., McCluskey, C.S., Cornwell, G., Steinke, I., Zhang, K., Zhao, B., Zawadowicz, M., Raman, 930 

A., Kulkarni, G., China, S., Zelenyuk, A., and DeMott, P.J.: Ice-nucleating particles that impact clouds and 931 

climate: Observational and modeling research needs. Rev. Geophys., 60(2), e2021RG000745, 932 

https://doi.org/10.1029/2021RG000745, 2022. 933 

 934 

Castro, I. O., and Atchison, C. L.: Acknowledging the intersectionality of geoscientists with disabilities to enhance 935 

diversity, equity, inclusion, and accessibility. Earth Sci. Syst. Soc., 4(1), 10081, 936 

https://doi.org/10.3389/esss.2024.10081, 2022. 937 

Ceci, S.J., and Williams, W.M.: Understanding current causes of women’s under-representation in science. P. 938 

Natl. Acad. Sci. USA, 108(8), 3157–3162. https://doi.org/10.1073/pnas.1014871108, 2011. 939 

Cesana, G., and Storelvmo, T.: Improving climate projections by understanding how cloud phase affects 940 

radiation. J. Geophys. Res-Atmos., 122(8), 4594–4599, https://doi.org/10.1002/2017JD026927, 2017. 941 

Cesana, G. V., Ackerman, A. S., Črnivec, N., Pincus, R., and Chepfer, H: An observation-based method to assess 942 

tropical stratocumulus and shallow cumulus clouds and feedbacks in CMIP6 and CMIP5 models. Environ. Res. 943 

Comm., 5(4), 045001., https://doi.org/10.1088/2515-7620/acc78a, 2023. 944 

Chavarro, D., Tang, P., and Rafols, I.: Why researchers publish in non-mainstream journals: training, knowledge 945 

bridging, and gap filling. Research Policy., 46(9), 1666–1680. https://doi.org/10.1016/j.respol.2017.08.002, 2017. 946 

Chen, C.Y., Kahanamoku, S.S., Tripati A., Alegado, R.A., Morris, V.R., Andrade, K., and Hosbey, J.: Systemic 947 

racial disparities in funding rates at the National Science Foundation. eLife, 11, e83071, 948 

https://doi.org/10.7554/eLife.83071, 2022. 949 

Choudhury, G., and Tesche, M.: Assessment of CALIOP-derived CCN concentrations by in situ surface 950 

measurements. Remote Sensing, 14(14), 3342, https://doi.org/10.3390/rs14143342, 2022. 951 

Cohen, J.: Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale, N.J.: L. Erlbaum 952 

Associates, 1988. 953 

https://doi.org/10.3402/tellusb.v67.27876
https://doi.org/10.5325/critphilrace.2.2.0224
https://doi.org/10.1016/j.ssmph.2016.12.008
https://doi.org/10.1080/03057925.2023.2234281
https://doi.org/10.1029/2021RG000745
https://doi.org/10.3389/esss.2024.10081
https://doi.org/10.1073/pnas.1014871108
https://doi.org/10.1002/2017JD026927
https://doi.org/10.1016/j.respol.2017.08.002
https://doi.org/10.7554/eLife.83071
https://doi.org/10.7554/eLife.83071
https://doi.org/10.3390/rs14143342


 

36 

 

Crenshaw, K.:  Mapping the margins: Intersectionality, identity politics, and violence against women of 954 

color. Stanford Law Review, 43(6), 1241–1299, https://doi.org/10.2307/1229039, 1991. 955 

D’Elia, C.F., Falls, K., Bargu, S., and Hooper-Bùi, L.: Charting the course to advance DEI in the Ocean 956 

sciences. Oceanography, 36, 140-145, https://www.jstor.org/stable/27278276, 2023. 957 

Demografix, ApS: Genderize.io. https://genderize.io/, 2022. 958 

DeMott, P.J., Prenni, A.J., Liu, X., Kreidenweis, S.M., Petters, M.D., Twohy, C.H, Richardson, M.S., 959 

Eidhammer, T, and Rogers, D.C.:  K r e i d e n w e i s , S . M . ,  P e t t e r s ,  M . D . ,  T w o h y ,  C . H . ,   960 

R i c h a r d s o n ,  M . S . ,  E i d h a m m e r ,  T . ,  a n d  R o g e r s ,  D . C . :  Predicting global 961 

atmospheric ice nuclei distributions and their impacts on climate. P. Natl. Acad. Sci. USA, 107(25), 11217–962 

11222,  https://doi.org/10.1073/pnas.0910818107, 2010. 963 

 964 

Dervis, K.: Devastating for the world’s poor: Climate change threatens the development gains already 965 

achieved. UN Chronicle, 2007. 966 

Després, V., Huffman, J., Burrows, S.M., Hoose, C., Safatov, A.S., Buryak, G., Fröhlich-Nowoisky, J., 967 

Elbert, W., Andreae, M.O., Pöschl, U., and Jaenicke, R.: Primary biological aerosol particles in the 968 

atmosphere: A review. Tellus B, 64(1), 15598, https://doi.org/10.3402/tellusb.v64i0.15598, 2012. 969 

De Vera, M. V., Di Girolamo, L., Zhao, G., Rauber, R. M., Nesbitt, S. W., and McFarquhar, G. M.: Observations of 970 

the macrophysical properties of cumulus cloud fields over the tropical western Pacific and their connection to 971 

meteorological variables., Atmos. Chem. Phys., 24, 5603–5623, https://doi.org/10.5194/acp-24-5603-2024, 2024.  972 

de Vos, A., Cambronero-Solano, S., Mangubhai, S., Nefdt, L., Woodall, L.C., and Stefanoudis, P.V.: Towards 973 

equity and justice in ocean sciences. npj Ocean Sustain, 2(25), https://doi.org/10.1038/s44183-023-00028-4, 2023. 974 

de Vos, A. and Schwartz, M. W.: Confronting parachute science in conservation. Conserv. Sci. Pract., 4, e12681, 975 

https://doi.org/10.1111/csp2.12681, 2022. 976 

Dovchin, S.: Beyond linguistic racism: Linguicism and intersectionality among Mongolian background postgraduate 977 

female students in Australia. Urban Educ., 00420859251331555, https://doi.org/10.1177/004208592513315, 2025.  978 

Dutt, K.: Race and racism in the geosciences. Nat. Geosci., 13(1), 2–3, https: //doi.org/10.1038/s41561-019-979 

0519-z, 2020. 980 

Dyess, B., and Teplitzky, S.: Developing a Collaborative Diversity, Equity, and Inclusion (DEI) Guide: A 981 

Library-Department Partnership in the Earth Sciences. J. Map Geogr. Lib., 18(1–2), 41–53, 982 

https://doi.org/10.1080/15420353.2022.2080790, 2022. 983 

Eck, T.F., Holben, B.N., Ward, D.E., Mukelabai, M.M., Dubovik, O., Smirnov, A., Schafer, J.S., Hsu, N.C.,  984 

Piketh, S.J., Queface, A., Le Roux, J., Swap, R.J., and Slutsker, I.: Variability of biomass burning aerosol 985 

optical characteristics in southern Africa during the SAFARI 2000 dry season campaign and a comparison of 986 

https://doi.org/10.2307/1229039
https://www.jstor.org/stable/27278276
https://genderize.io/
https://doi.org/10.3402/tellusb.v64i0.15598
https://doi.org/10.1038/s44183-023-00028-4
https://doi.org/10.1111/csp2.12681
https://doi.org/10.1111/csp2.12681
https://doi.org/10.1177/004208592513315
https://doi.org/10.1038/s41561-019-0519-z
https://doi.org/10.1038/s41561-019-0519-z
https://doi.org/10.1038/s41561-019-0519-z
https://doi.org/10.1080/15420353.2022.2080790


 

37 

 

single scattering albedo estimates from radiometric measurements: Biomass Burning Aerosol Optical 987 

Characteristics. J. Geophys. Res-Atmos., 108, D13, https://doi.org/10.1029/2002JD002321, 2023. 988 

Editorial: Beware the impact factor. Nat Mater.,12:89–91, https://doi.org/10.1038/nmat3566, 2013. 989 

Einarsen, S.: Harassment and bullying at work: A review of the Scandinavian approach. Aggression and 990 

Violent Behavior, 5(4), 379–401, 2000.  991 

Feijó, J. and Orre, A.: Domination, Collaboration and Conflict in Cabo Delgado's History of Extractivism. Kronos, 992 

50(1), 1-29. https://doi.org/10.17159/2309-9585/2024/v50a1, 2024. 993 

Finney, D.L., Doherty, R.M., Wild, O., Stevenson, D.S., Mackenzie, I.A, and Blyth, A.M.:  A projected 994 

decrease in lightning under climate change. Nat. Clim. Change, 8(3), 210–213, 995 

https://doi.org/10.1038/s41558-018-0072-6, 2018. 996 

Ford, H.L., Brick, C., Azmitia, M., Blaufuss, K, and Dekens, P.: Women from some under-represented 997 

minorities are given too few talks at world’s largest Earth-science conference. Nature, 576(7785), 32–35, 998 

https://doi.org/10.1038/d41586-019-03688-w, 2019.  999 

Gates, A.E., McNeal, K., Riggs, E., Sullivan, S., and Dalbotten, D.: New developments in diversity and 1000 

inclusiveness in geosciences. J. Geosci. Edu., 67(4), 285–286. 1001 

https://doi.org/10.1080/10899995.2019.1671713, 2019. 1002 

Gazni, A., Sugimoto, C.R., and Didegah, F.: Mapping world scientific collaboration: Authors, 1003 

institutions, and countries. J. Am. Soc. Info. Sci. Tec., 63(2),323–335. https://doi.org/10.1002/asi.21688, 1004 

2012. 1005 

Gewin, V.: What Black scientists want from colleagues and their institutions. Nature, 583(7815), 319–1006 

322. https://doi.org/10.1038/d41586-020-01883-8, 2020. 1007 

Gewin, V.: Pack up the parachute: why global north–south collaborations need to change. Nature, 1008 

619(7971), 885–887. https://doi.org/10.1038/d41586-023-02313-1, 2023. 1009 

Gibney, E.: Teaching load could put female scientists at career disadvantage. Nature, 10, 1-2,. 1010 

https://doi.org/10.1038/nature.2017.21839, 2017.  1011 

Godrie, B.: Resisting scientific extractivism: A post-extractivist policy of knowledge production with marginalised 1012 

communities. Gateways Int. J. Community Res. Engagem., 18(1), 1-14, 2025. 1013 

Haak, L.L.: Women in Neuroscience (WIN): The First Twenty Years. J. Hist. Neurosci., 11(1), 70–79. 1014 

https://doi.org/10.1076/jhin.11.1.70. 9111, 2002. 1015 

 1016 

Hall, C. A., Illingworth, S., Mohadjer, S., Roxy, M. K., Poku, C., Otu-Larbi, F., Reano, D., Freilich, M., Veisaga, 1017 

M.-L., Valencia, M., and Morales, J.: GC Insights: Diversifying the geosciences in higher education: a manifesto for 1018 

change. Geosci. Commun., 5, 275–280, https://doi.org/10.5194/gc-5-275-2022, 2022. 1019 

https://doi.org/10.1029/2002JD002321
https://doi.org/10.1029/2002JD002321
https://doi.org/10.1038/nmat3566
https://doi.org/10.1038/s41558-018-0072-6
https://doi.org/10.1038/d41586-019-03688-w
https://doi.org/10.1080/10899995.2019.1671713
https://doi.org/10.1002/asi.21688
https://doi.org/10.1038/d41586-020-01883-8
https://doi.org/10.1038/d41586-023-02313-1
https://doi.org/10.1076/jhin.11.1.70.%209111


 

38 

 

Herfeld, C., Müller, J., and von Allmen, K.: Why do women philosophy students drop out of philosophy? 1020 

some evidence from the classroom at the bachelor’s level. Ergo 8. https://doi.org/10.3998/ergo.2252, 1021 

2022. 1022 

Heymsfield, A.J., Krämer, M., Luebke, A., Brown, P., Cziczo, D.J., Franklin, F., Lawson, P., Lohmann, 1023 

U., McFarquhar, G., Ulanowski, Z., and Van Tricht, K.: Cirrus clouds.    Meteor. Mon., 58, 2.1–2.26, 1024 

https://doi.org/10.1175/AMSMONOGRAPHS-D-16-0010.1, 2017. 1025 

Hirschauer, S.: Der Diskriminierungsdiskurs und das Kavaliersmodell universitärer Frauenforderung. 1026 

Soziale Welt, 67(2),119–136, https://doi.org/10.5771/0038-6073-2016-2-119, 2016. 1027 

Holman, L., Stuart-Fox, D., and Hauser, C.E.: The gender gap in science: How long until women are 1028 

equally represented? PLOS Biol., 16(4), e2004956, https://doi.org/10.1371/journal.pbio.2004956, 2018. 1029 

Irish, V. E., Elizondo, P., Chen, J., Chou, C., Charette, J., Lizotte, M., Ladino, L. A., Wilson, T. W., Gosselin, M., 1030 

Murray, B. J., Polishchuk, E., Abbatt, J. P. D., Miller, L. A., and Bertram, A. K.: Ice-nucleating particles in 1031 

Canadian Arctic sea-surface microlayer and bulk seawater., Atmos. Chem. Phys., 17, 10583–10595, 1032 

https://doi.org/10.5194/acp-17-10583-2017, 2017. 1033 

Jacob, A.K., and Teichler, U.: Der Wandel des Hochschullehrerberufs im internationalen Vergleich. 1034 

Ergebnisse einer Befragung in den Jahren 2007/08. Tech. rep., Bundesministerium für Bildung und 1035 

Forschung (BMBF), Bonn, Berlin, 2011. 1036 

Kanji, Z. A., Ladino, L. A., Wex, H., Boose, Y., Burkert-Kohn, M., Cziczo, D. J., and Krämer, M.: 1037 

Overview of Ice Nucleating Particles. Meteorol. Monogr., 58, 1.1-1.33, 1038 

https://doi.org/10.1175/amsmonographs-d-16-0006.1, 2017. 1039 

Katz, J., and Martin, B.R.: What is research collaboration? Res. Policy, 26(1), 1–18, 1040 

https://doi.org/10.1016/S0048-7333(96)00917-1, 1997. 1041 

Koffman, B.G., Osman, M.B., Criscitiello, A.S., and Guest, S.: Collaboration between women helps close 1042 

the gender gap in ice core science. Nat. Geosci., 16 (12), 1088–1091, https://doi.org/10.1038/s41561-023-1043 

01315-y, 2023.  1044 

Ladino, L.A., Raga, G.B., Alvarez-Ospina, H., Andino-Enríquez, M.A., Rosas, I., Martínez, L., Salinas, 1045 

E., Miranda, J., Ramírez-Díaz, Z., Figueroa, B., Chou, C., Bertram, A.K., Quintana, E.T., Maldonado, 1046 

L.A., García-Reynoso, A., Si, M., and Irish, V.E.: Ice-nucleating particles in a coastal tropical site. 1047 

Atmos. Chem. Phys., 19(9), 6147–6165, https://doi.org/10.5194/acp-19-6147-2019, 2019. 1048 

Landman, S., and Dandolu, V.:  Complex Manifestations of Gender Disparity in Academic Medicine. Open J. 1049 

Women’s Health, 3(1), 5–10, https://doi.org/10. 2174/1874291200903010005, 2009. 1050 

Lawrence, A., and Dowey, N.: Six simple steps towards making GEES fieldwork more accessible and inclusive. Area, 1051 

54(1), 52-59, https://doi.org/10.1111/area.12747, 2022. 1052 

https://doi.org/10.3998/ergo.2252
https://doi.org/10.1175/AMSMONOGRAPHS-D-16-0010.1
https://doi.org/10.5771/0038-6073-2016-2-119
https://doi.org/10.1371/journal.pbio.2004956
https://doi.org/10.1016/S0048-7333(96)00917-1
https://doi.org/10.1038/s41561-023-01315-y
https://doi.org/10.1038/s41561-023-01315-y
https://doi.org/10.5194/acp-19-6147-2019
https://doi.org/10.2174/1874291200903010005
https://doi.org/10.2174/1874291200903010005
https://doi.org/10.1111/area.12747


 

39 

 

Le Bras, I.: A conversation on building safe spaces for the LGBTQ+ community in the geosciences. Nature 1053 

Communications, 12:4058, https://doi.org/10.1038/s41467-021-24020-z., 2021. 1054 

Le Canut, P., Andreae, M.O., Harris, G.W., Wienhold, F.G., and Zenker, T.: Airborne studies of emissions from 1055 

savanna fires in southern Africa: 1. Aerosol emissions measured with a laser optical particle counter. J. 1056 

Geophys. Res-Atmos., 101(D19), 23615– 23630, https://doi.org/10.1029/95JD02610, 1996. 1057 

Lerback, J.C., Hanson, B., and Wooden. P.: Association Between Author Diversity and Acceptance Rates and 1058 

Citations in Peer-Reviewed Earth Science Manuscripts. Earth Space Sci., 7(5), 1059 

https://doi.org/10.1029/2019EA000946, 2020. 1060 

Leslie, S.J., Cimpian, A., Meyer, M., and Freeland, E.: Expectations of brilliance underlie gender distributions across 1061 

academic disciplines. Science, 347(6219), 262–265, https://doi.org/https://doi.org/10.1126/science.1261375, 1062 

2015. 1063 

Li, J., Pósfai, M., Hobbs, P.V., and Buseck, P.R.: Individual aerosol particles from biomass burning in 1064 

southern Africa: 2, Compositions and aging of inorganic particles: Compositions and aging of inorganic particles. J. 1065 

Geophys. Res-Atmos., 108, D13, https://doi.org/10.1029/2002JD002310, 2003. 1066 

Lockhart, J.W., King, M.M., and Munsch, C.: Name-based demographic inference and the unequal distribution of 1067 

misrecognition. Nat. Hum. Behav. 7, 1084–1095, https://doi.org/10.1038/s41562-023-01587-9, 2023. 1068 

Lohmann, U., Lüönd, F., and  Mahrt, F.:  An Introduction to Clouds: From the Microscale to Climate. Cambridge 1069 

University Press, Cambridge, 2016. 1070 

 1071 

Marín-Spiotta, E., Barnes, R.T., Berhe, A. A., Hastings, M.G., Mattheis, A., Schneider, B., and Williams, B.M.: 1072 

Hostile climates are barriers to diversifying the geosciences. Adv. Geosci., 53, 117-127, 1073 

https://doi.org/10.5194/adgeo-53-117-2020, 2020.  1074 

Marin-Spiotta, E., Diaz-Vallejo, E. J.,Barnes, R. T., Mattheis, A., Schneider,B., Berhe, A. A., Hastings, M.G., 1075 

Williams, B.M. and Magley, V.: Exclusionary behaviors reinforce historical biases and contribute to loss of talent in 1076 

the Earth sciences. Earth's Future, 11, e2022EF002912. https://doi.org/10.1029/2022EF002912, 2023. 1077 

Martín-Martín, A., Orduna-Malea, E., Delgado, and López-Cózar, E.: Coverage of highly-cited documents in 1078 

google scholar, web of science, and scopus: a multi- disciplinary comparison. Scientometrics, 116(3), 2175–1079 

2188. https://doi.org/10.1016/J.JOI.2018.09.002, 2018. 1080 

Marty E., Segnon A. C., Homann-Kee Tui S., Trautman S., Huyer S., Cramer L., and Mapedza E.: Enabling gender 1081 

and social inclusion in climate and agriculture policy and planning through foresight processes: Assessing challenges 1082 

and leverage points. Clim. Policy, 24(8), 1034–1049, https://doi.org/10.1080/14693062.2023.2268042, 2023. 1083 

Mayol, E., Arrieta, J.M., Jiménez, M.A., Martínez-Asensio, A., Garcias-Bonet, N., Dachs, J., González-1084 

Gaya, B., Royer, S.J., Benítez-Barrios, V.M., Fraile-Nuez, E., and Duarte, C.M.: Long-range transport of 1085 

https://doi.org/10.1038/s41467-021-24020-z
https://doi.org/10.1029/95JD02610
https://doi.org/10.1029/2019EA000946
https://doi.org/10.1029/2002JD002310
https://doi.org/10.1038/s41562-023-01587-9
https://doi.org/10.5194/adgeo-53-117-2020
https://doi.org/10.1029/2022EF002912
https://doi.org/10.1080/14693062.2023.2268042


 

40 

 

airborne microbes over the global tropical and subtropical ocean. Nat. Commun., 8(1), 201, 1086 

https://doi.org/10.1038/s41467-017-00110-9, 2017. 1087 

McDermott, M., Gelb, D.J., Wilson, K., Pawloski, M., Burke, J.F., Shelgikar, A.V., and London, Z.N.: Sex 1088 

Differences in Academic Rank and Publication Rate at Top-Ranked US Neurology Programs. JAMA 1089 

Neurol., 75(8), 956, https://doi.org/10.1001/jamaneurol.2018.0275, 2018. 1090 

Mehta, G., Yam, V.W.W., Krief, A., Hopf, H., and Matlin, S.A.: The Chemical Sciences and Equality, 1091 

Diversity, and Inclusion. Angew. Chem. Int. Edit., 57(45), 14690– 14698, 1092 

https://doi.org/10.1002/anie.201802038, 2018. 1093 

Metcalfe, D.B., Anders, E., Axén, H., E.P. Axelsson, A.E. Bermudez, D.C. Bartholomew, N. Butt, H. Cadillo-Quiroz, 1094 

N. Chaudhary, T. Callebaut, C.A. L. Dahlsjö, M.E. Dusenge, K.J. Feeley, T.C. Wanger, B.C. Hwang, T.D.G. Hermans, 1095 

M. Jonsson, P. Kardol, A. Lindh, D. Lussetti, S. Lamba, G. Mewett, M. Mujawamariya, O.J. Leonce Manzi, N. Salinas, 1096 

J.S. Prevéy, A. Bargués-Tobella, J. Tang, O.K. Vought, M. Witteman, G. Wallin, W. Zhang, Y. Yan, and A.M. 1097 

Virkkala: Gaps in tropical science from unrepresentative distribution of sampling and citation across natural terrestrial 1098 

environments. Nat. Commun., 16, 11378. https://doi.org/10.1038/s41467-025-67617-4, 2025. 1099 

Meyfroidt, P., Abeygunawardane, D., Baumann, M., Bey, A., Buchadas, A., Chiarella, C., Junquera, V., Kronenburg 1100 

García, A., Kuemmerle, T., le Polain de Waroux, Y., Oliveira, E., Picoli, M., Qin, S., Rodriguez García, V. and Rufin, 1101 

P.: Explaining the emergence of land-use frontiers. R. Soc. Open Sci., 11 (7): 240295. 1102 

https://doi.org/10.1098/rsos.240295, 2024. 1103 

Mülmenstädt, J., Sourdeval, O., Delanöe, J., and Quaas, J.: Frequency of occurrence of rain from liquid-, mixed-1104 

, and ice-phase clouds derived from A-Train satellite retrievals: Rain from liquid- and ice-phase clouds. Geophys. 1105 

Res. Lett., 42(15), 6502–6509, https://doi.org/10.1002/2015GL064604, 2015. 1106 

Nadis, S.: Women scientists unite to battle cowboy culture. Nature, 398(6726), 361–361, 1107 

https://doi.org/10.1038/18746, 1999.  1108 

Namie, G., Christensen, D., and Phillips, D.: 2014 U.S. Workplace bullying survey: WBI Gender and the bullying 1109 

experience. Workplace bullying institute, https://www.workplacebullying.org/multi/pdf/2014-2Gender.pdf, 2014 1110 

(Last access: July 10, 2026). 1111 

National Center for Science and Engineering Statistics (NCSES). Women, Minorities, and Persons with Disabilities 1112 

in Science and Engineering: 2021. Special Report NSF 21-321. Alexandria, VA: National Science Foundation. 2021 1113 

Available at https://ncses.nsf.gov/wmpd. 1114 

National Center for Science and Engineering Statistics (NCSES) NCfSaES: Women, minorities, and persons with 1115 

disabilities in science and   engineering.  https://ncses.nsf.gov/pubs/nsf19304/digest/introduction, 2019.  1116 

Nielsen, M.W.: Limits to meritocracy? Gender in academic recruitment and promotion processes. Sci. Publ. Policy, 1117 

43(3), 386–399. https://doi.org/10. 1093/scipol/scv052, 2016.  1118 

Odekunle, E.A.: Dismantling systemic racism in science. Science, 369(6505), 780.3–781, 1119 

https://doi.org/10.1038/s41467-017-00110-9
https://doi.org/10.1001/jamaneurol.2018.0275
https://doi.org/10.1002/anie.201802038
https://doi.org/10.1002/2015GL064604
https://doi.org/10.1038/18746
https://ncses.nsf.gov/wmpd
https://ncses.nsf.gov/pubs/nsf19304/digest/introduction
https://doi.org/10.%201093/scipol/scv052


 

41 

 

https://doi.org/10.1126/science.abd7531, 2020.  1120 

 1121 

Odeny, B. and Bosurgi, R.: Time to end parachute science. PLoS Med., 19, e1004099, 1122 

https://doi.org/10.1371/journal.pmed.1004099, 2022. 1123 

Paramonov, M., Kerminen, V.M., Gysel, M., P. P. Aalto, M. O. Andreae, E. Asmi, U. Baltensperger, A. Bougiatioti, 1124 

D. Brus, G. P. Frank, N. Good, S. S. Gunthe, L. Hao, M. Irwin, A. Jaatinen, Z. Jurányi, S. M. King, A. Kortelainen, 1125 

A. Kristensson, H. Lihavainen, M. Kulmala, U. Lohmann, S. T. Martin, G. McFiggans, N. Mihalopoulos, A. Nenes, 1126 

C. D. O'Dowd, J. Ovadnevaite, T. Petäjä, U. Pöschl, G. C. Roberts, D. Rose, B. Svenningsson, E. Swietlicki, E. 1127 

Weingartner, J. Whitehead, A. Wiedensohler, C. Wittbom, and B. Sierau: A synthesis of cloud condensation nuclei 1128 

counter (CCNC) measurements within the EUCAARI network. Atmos. Chem. Phys., 15(21), 12211–12229, 1129 

https://doi.org/10.5194/acp-15-12211-2015, 2015.  1130 

Pereira, C., and Tsikata, D.: Contextualising Extractivism in Africa. Feminist Africa, 2(1), 14–48. 1131 

https://www.jstor.org/stable/48725692, 2021. 1132 

Perez-Sepulveda, B.M., Cunningham-Oakes, E. and Waters, E.V.: Importance of diversity and representation in 1133 

science: benefits towards strengthening our response to global challenges. npj Antimicrob Resist, 3 (26),  1134 

https://doi.org/10.1038/s44259-025-00101-7, 2025.  1135 

Petters, M. D. and Wright, T. P.: Revisiting ice nucleation from precipitation samples. Geophys. Res. Lett., 8758–1136 

8766, https://doi.org/10.1002/2015GL065733, 2015. 1137 

Pico, T., Bierman, P., Doyle, K., and  Richardson, S.: First Authorship Gender Gap in the Geosciences. Earth Space 1138 

Sci., 7(8), e2020EA001203, https://doi.org/10.1029/2020EA001203, 2020.  1139 

Plaut, V.C.: Diversity science: Why and how difference makes a difference. Psychol. Inq., 21(2), 77–99, 1140 

https://doi.org/10.1080/10478401003676501, 2010.  1141 

 1142 

Popp, A. L., Lutz, S. R., Khatami, S., Van Emmerik, T. H., and Knoben, W. J.: A global survey on the perceptions 1143 

and impacts of gender inequality in the earth and space sciences. Earth Space Sci., 6(8), 1460–1468. 1144 

https://doi.org/10.1029/2019ea000706, 2019. 1145 

Pranckute, R.: Web of science (wos) and scopus: The titans of bibliographic information in today’s academic world. 1146 

Publications, 9(1), 12, https://doi.org/10.3390/publications9010012, 2021.  1147 

Pruitt, A.C., Brinkworth, C. and Aponte, K. L.: Outcomes and Lessons Learned from Implementing a Diversity, 1148 

Equity, and Inclusion Program at UCAR/NCAR. Bull. Am. Meteorol. Soc., 104, E2127–E2133, 1149 

https://doi.org/10.1175/BAMS-D-22-0047.1, 2023.  1150 

Raemdonck, H., Maenhaut, W., and Andreae, M.O.: Chemistry of marine aerosol over the tropical and equatorial 1151 

Pacific. J. Geophys. Res., 91(D8):8623, https://doi.org/10.1029/JD091iD08p08623, 1986. 1152 

https://doi.org/10.1126/science.abd7531
https://doi.org/10.1371/journal.pmed.1004099
https://doi.org/10.1371/journal.pmed.1004099
https://doi.org/10.5194/acp-15-12211-2015
https://doi.org/10.1038/s44259-025-00101-7
https://agupubs.onlinelibrary.wiley.com/authored-by/Richardson/S.
https://doi.org/10.1029/2020EA001203
https://doi.org/10.1080/10478401003676501
https://doi.org/10.1029/2019ea000706
https://doi.org/10.3390/publications9010012
https://doi.org/10.1175/BAMS-D-22-0047.1
https://doi.org/10.1029/JD091iD08p08623


 

42 

 

 1153 

Ramírez- Castañeda, V., E. P. Westeen, J. Frederick, S. Amini, D.R. Wait, A.S. Achmadi, N. Andayani, E. Arida, U. 1154 

Arifin, M.A. Bernal , E. Bonaccorso , M. Bonachita Sanguila, R.M. Brown, J, Che, F.P. Condori, D. Hartiningtias, 1155 

A.E. Hiller, D.T. Iskandar, R.A. Jiménez, R. Khelifa, R. Márquez J.G. Martínez-Fonseca , J.L. Parra, J.V. Peñalba, L. 1156 

Pinto-García, O.H. Razafindratsima, S.R. Ron, S. Souza, J. Supriatna, R.C.K. Bowie, C. Cicero, J.A. McGuire, and 1157 

R.D. Tarvin: A Set of Principles and Practical Suggestions for Equitable Fieldwork in Biology. Proc. Natl. Acad. Sci. 1158 

USA, 119 (34), e2122667119, https://doi.org/10.1073/pnas.2122667119, 2022. 1159 

Ranganathan, M., E. Lalk, L. M. Freese, M. A. Freilich, J. Wilcots, M. L. Duffy, and R. Shivamoggi: Trends in the 1160 

representation of women among US geoscience faculty from 1999 to 2020: The long road toward gender parity. AGU 1161 

Adv., 2, e2021AV000436, https://doi.org/10.1029/2021AV000436, 2021. 1162 

Raven, P.H., Gereau, R.E., Phillipson, P.B., Chatelain, C., Jenkins, C., and Ulloa, C.: The distribution of biodiversity 1163 

richness in the tropics. Sci. Adv., 6(37), eabc6228, https://doi.org/10.1126/sciadv.abc6228, 2020.   1164 

Reisch, M., and Jani, J. S.: Deconstructing DEI: Unmasking its complexities, contradictions, and challenges. Journal 1165 

of Teaching in Social Work, 45(2), 250–275, https://doi.org/ 10.1080/08841233.2025, 2025.  1166 

Reutter. P., Neis, P., Rohs, S., and Sauvage, B.: Ice supersaturated regions: properties and validation of era-interim 1167 

reanalysis with IAGOS in situ water vapour measurements. Atmos. Chem. Phys., 20(2), 787–804, 1168 

https://doi.org/10.5194/acp-20-787-2020, 2020.  1169 

Rini, R.A.: Understanding the Persistence of Extractivism: An Insight from East Kalimantan, Indonesia. Thesis to 1170 

obtain the degree of Master of Arts in Development Studies at the International Institute of Social Studies. 51 pp., The 1171 

Netherlands. 2020. 1172 

Rubbia, G.: A steady progress towards Diversity, Equality and Inclusion in STEM disciplines: a geoscience case study 1173 

in Italy. J. Geoethics Social Geosci., 2, 1-20, https://orcid.org/0000-0003-1877-0161, 2025. 1174 

Schneider, T., Teixeira, J., Bretherton, C.S., Brient, F., Pressel, K.G., Schär, C., and Siebesma, A.P.: Climate goals 1175 

and computing the future of clouds. Nat. Clim. Change, 7(1), 3–5, https://doi.org/10.1038/nclimate3190, 2017. 1176 

Sebo, P.: Using genderize.io to infer the gender of first names: how to improve the accuracy of the inference. J. Med. 1177 

Libr. Assoc., 109, 609–612, https://doi.org/10.5195/jmla.2021.1252, 2021. 1178 

 1179 

Schneiderwind, J., and Johnson, J. M.: Broadening the equity lens for STEM teacher education: The 1180 

invisibility of disability. AAAS bulletin, 2021.  1181 

Seyranian, V., Atuel, A., and Crano, W. D.: Dimension of majority and minority groups. Group Processes 1182 

& Intergroup Relations, 11,21–37. https://doi.org/10.1177/1368430207084843, 2008. 1183 

Shen, Y.A., Webster, J.M., Shoda, Y., and Fine, I.: Persistent Underrepresentation of Women’s Science in 1184 

High Profile Journals. Preprint, Scientific Communication and Education, https://doi.org/10.1101/275362, 2018. 1185 

https://doi.org/10.1073/pnas.2122667119
https://doi.org/10.1126/sciadv.abc6228
https://doi.org/10.5194/acp-20-787-2020
https://orcid.org/0000-0003-1877-0161
https://doi.org/10.1038/nclimate3190
https://doi.org/10.5195/jmla.2021.1252
https://doi.org/10.1177/1368430207084843
https://doi.org/10.1101/275362


 

43 

 

Simarski, L.T.: Examining sexism in the geosciences. Eos, 73(24), 258–258, 1186 

https://doi.org/10.1029/91EO00210, 1992. 1187 

Solarino, S.: Impact Factor, Citation Index, H-Index: Are researchers still free to choose where and how to publish 1188 

their results? Ann.als of Geophys.ics, 55(3), Article 3. https://doi.org/10.4401/ag-5518, 2012.  1189 

Son, J.Y. and Bell, M.L.: Scientific authorship by gender: trends before and during a global pandemic. Humanit Soc. 1190 

Sci. Commun., 9(1):348. doi: 10.1057/s41599-022-01365-4, 2022. 1191 

Stefanoudis, P. V., Licuanan, W. Y., Morrison, T. H., Talma, S., Veitayaki, J., and Woodall, L. C.: Turning the tide 1192 

of parachute science. Curr. Biol., 31, R184–R185, https://doi.org/10.1016/j.cub.2021.01.029, 2021. 1193 

Stokes, P.J., Levine, R., and Flessa, K.W.: Choosing the Geoscience Major: Important Factors, 1194 

Race/Ethnicity, and Gender. J.ournal of Geosci.ence Educ.ation, 63(3), 250–263, https://doi.org/10.5408/14-1195 

038.1, 2015. 1196 

Swartz, T. H., Palermo, A. G. S., Masur, S. K., and Aberg, J. A.: The science and value of diversity: closing the gaps 1197 

in our understanding of inclusion and diversity. J. Infect. Dis., 220, S33-S41, https://doi.org/10.1093/infdis/jiz174, 1198 

2019. 1199 

Tennant, J.P.: Web of science and scopus are not global databases of knowledge. European Science Editing, 46, 1200 

e51987, https://doi.org/10.3897/ese.2020.e51987, 2020. 1201 

Tian, P., Wang, G., Zhang, R., Wu, Y., and Yan, P.: Impacts of aerosol chemical compositions on optical 1202 

properties in urban Beijing, China. Particuology, 18, 155–164, https://doi.org/10.1016/j.partic.2014.03.014, 2015. 1203 

Titirici, M., Hutchinson, C., Ahmed, N., Isaacs, A., Higa, L., Arendse, J., Deng, Y. and Li, M.: Global perspectives 1204 

on the critical role of diversity, equity, and inclusion in science. Cell Rep. Phys. Sci., 6(9), 1205 

https://doi.org/10.1016/j.xcrp.2025.102791, 2025. 1206 

Wagner, C.S.: Six case studies of international collaboration in science. Scientometrics, 62(1), 3–26, 1207 

https://doi.org/10.1007/s11192-005-0001-0, 2005. 1208 

Wagner, C., Whetsell, T., and Leydesdorff, L.: Growth of international collaboration in science: Revisiting six 1209 

specialties’. Scientometrics, 110(3), 1633–1652. https://doi.org/10.1007/s11192-016-2230-9, 2017. 1210 

Wang, D., Giangrande, S.E., Schiro, K.A., Jensen, M.P., and Houze, R.A.: The Characteristics of Tropical and 1211 

Midlatitude Mesoscale Convective Systems as Revealed by Radar Wind Profilers. J. Geophys. Res-Atmos., 1212 

124(8), 4601–4619, https://doi.org/10.1029/2018JD030087, 2019. 1213 

Watt, F.M.: Elisabetta Dejana. J. Cell Sci., 118(13), 2789–2790, https://doi.org/10.1242/jcs.01722, 2005. 1214 

Welti, A., Bigg, E.K., DeMott, P.J., Gong, X., Hartmann, M., Harvey, M., Henning, S., Herenz, P., Hill, 1215 

T.C.J., Hornblow, B., Leck, C., Löffler, M., McCluskey, C.S., Rauker, A.M., Schmale, J., Tatzelt, C., van 1216 

Pinxteren, M, and Stratmann, F.: Ship-based measurements of ice nuclei concentrations over the arctic, 1217 

atlantic, pacific and southern oceans. Atmos. Chem. Phys., 20(23), 15191–15206, 1218 

https://doi.org/10.1029/91EO00210
https://doi.org/10.4401/ag-5518
https://doi.org/10.1016/j.cub.2021.01.029
https://doi.org/10.5408/14-038.1
https://doi.org/10.5408/14-038.1
https://doi.org/10.1093/infdis/jiz174
https://doi.org/10.3897/ese.2020.e51987
https://doi.org/10.1016/j.partic.2014.03.014
https://doi.org/10.1016/j.partic.2014.03.014
https://doi.org/10.1016/j.xcrp.2025.102791
https://doi.org/10.1007/s11192-005-0001-0
https://doi.org/10.1007/s11192-016-2230-9
https://doi.org/10.1029/2018JD030087
https://doi.org/10.1029/2018JD030087
https://doi.org/10.1242/jcs.01722
https://doi.org/10.1242/jcs.01722


 

44 

 

https://doi.org/10.5194/acp-20-15191-2020, 2020. 1219 
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