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Abstract 16 

Among the sub-disciplines of engineering, environmental engineering is distinctive in three 17 

aspects. First, descriptions of the profession of environmental engineering emphasize that 18 

environmental engineers solve problems to prevent harm, which typically is an important 19 

motivation for taking a job in care work. Second, the percentage of degrees awarded to women 20 

is highest for environmental among all sub-disciplines of engineering (i.e., 53.3% of bachelor’s 21 

degrees, 46.3% of master’s degrees, and 43.6% of doctoral degrees in environmental 22 



engineering conferred in 2020 were awarded to women). Third, median salaries for 23 

environmental engineers – controlling for other variables – are lowest among engineering sub-24 

disciplines (i.e., $82,036 per year in 2019), despite high levels of educational attainment and 25 

training. Our analysis of environmental engineers working in the United States strongly suggests 26 

that the profession of environmental engineering is highly susceptible to what is known as the 27 

care penalty. The care penalty is a function of market dynamics, which tend to undervalue work 28 

that generates substantial unpriced benefits for others. The care penalty often is observed in 29 

jobs characterized by high levels of intrinsic motivation, such as concern for human welfare. 30 

Additional data would be useful to further evaluate the care penalty in environmental 31 

engineering in other countries. To address the care penalty, we do not suggest that 32 

environmental engineers should become less caring. Rather environmental engineers should be 33 

aware of this potential economic risk and seek to mitigate the care penalty in two specific ways. 34 

First environmental engineers should encourage life-cycle principles and environmental full-35 

cost accounting in order to increase fungibility among different measures of the components of 36 

the triple bottom line of people (i.e., human welfare), planet (i.e., planetary health), and 37 

prosperity (i.e., financial gain). Second, environmental engineers should clearly demonstrate 38 

the unique contributions that technically skilled commitments to human welfare can generate. 39 

We suggest that a greater awareness of these issues could build on and strengthen growing 40 

public concerns regarding environmental sustainability. Finally, we suggest that distinctive 41 

attributes of environmental engineering may prove critical to unlocking growth in the 42 

engineering workforce as care for human welfare and planetary health. 43 

 44 
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1. Introduction 52 

The way in which engineers describe themselves and their sub-disciplines deserves careful 53 

attention. Recent research in the social sciences offers some important insights into the ways in 54 

which different engineering sub-disciplines are publicly perceived and economically 55 

renumerated. Historically, the formal integration of engineering professional training into 56 

higher education over the past one hundred and fifty years was a major contributor to the 57 

growth of global market share and the dominance of the United States (U.S.) economy during 58 

much of the 20th century (Rosenberg and Nelson, 1994). Looking towards the future, the 59 

National Academy of Engineering (NAE) has warned repeatedly that the significantly lower 60 

percentage of engineering degrees awarded in U.S. universities – as compared to European 61 

countries and key competitors in Asia – represents a concern for future economic success of 62 

the U.S. (NAE, 2014). To recruit additional students to study engineering – while retaining the 63 

current pipeline of engineering students – the NAE developed the “Changing the Conversation” 64 

campaign (NAE, 2002; NAE, 2008; NAE, 2013). 65 

 66 



As part of an intentional effort to unify messaging both that explains and promotes 67 

engineering, the NAE developed and tested marketing taglines, including: “engineers make a 68 

world of difference”; “engineers are creative problem solvers”; “engineers help shape the 69 

future”; and “engineering is essential to our health, happiness, and safety,” (NAE, 2013). After 70 

five years of experience promoting these taglines to the public, the NAE concluded that, “the 71 

new messages cast engineering as inherently creative and concerned with human welfare, as 72 

well as an emotionally satisfying calling,” (NAE, 2013, p.1). 73 

 74 

The campaign – Changing the Conversation – was grounded in the observation that 75 

inspirational messages are effective for recruiting. The efforts of the NAE noted that the way in 76 

which a profession describes itself influences the kind of people a profession attracts to its 77 

ranks. For example, “The medical profession does not market itself to young people by 78 

emphasizing the long, hard road to becoming a physician. The image of the physician is of a 79 

person who cures disease and relieves human suffering,” (NAE, 2008, p.12). In contrast to the 80 

description of physicians, the public often describes engineers as “driving trains” or “designing 81 

and building things”, and historical messaging about engineering focused on an “aptitude for 82 

and strong interest in mathematics and science” (NAE, 2002). 83 

 84 

To understand distinctive aspects of environmental engineering as a sub-discipline, the three-85 

fold purpose of this article includes: 1) identifying how environmental engineers describe 86 

themselves and their subdiscipline using thematic analysis of a selection of publications; 2) 87 

analyzing evidence of a potential care penalty in the profession of environmental engineering; 88 



and 3) proposing how environmental engineers respond to the care penalty to leverage self-89 

identity as a caring profession to unlock growth in the engineering workforce promoting human 90 

welfare and planetary health. 91 

 92 

2. Environmental engineers self-identify as members of a caring profession 93 

To describe the professional practice of environmental engineering and to inform the 94 

curriculum used to educate future environmental engineers, in 2009 the American Academy of 95 

Environmental Engineers and Scientists (AAEES) published the Environmental Engineering Body 96 

of Knowledge (EnvEngBoK) (AAEES, 2009). The EnvEngBoK describes the knowledge, skills, and 97 

attitudes (KSAs) of environmental engineers across the career-span. These are organized into 98 

18 outcomes, and a modification of Bloom’s taxonomy (i.e., knowledge, comprehension, 99 

application, analysis, synthesis, and evaluation) is used to map the levels of achievement in 100 

each outcome with education and continual professional training (Oerther et al, 2021a; Oerther 101 

et al, 2021b; Oerther et al, 2021c). 102 

 103 

Within the EnvEngBoK, outcome 13 describes the “professional and ethical responsibilities” of 104 

environmental engineers. The text cites the importance of all engineers to abide by the Code of 105 

Ethics for Engineers (NSPE, 2019), including the importance of holding paramount the safety, 106 

health, and welfare of the public. The text notes, “however, environmental engineering is 107 

unique in that it is the engineering [sub-]discipline that as a whole serves the public welfare, 108 

health, and safety directly [emphasis added]. In addition, although other engineering [sub-] 109 

disciplines are becoming more aware of the need to understand the relationships between 110 



technology and environmental protection, environmental engineers are directly responsible for 111 

preserving the natural environment [emphasis added],” (AAEES, 2009, p.43).  112 

 113 

In other words, since the founding of the profession in the mid twentieth century (Boyce, 114 

1963), environmental engineers have developed an explicit professional and ethical 115 

responsibility to care directly for human welfare and planetary health (Hendricks and Baumann, 116 

1990; Anderson, 2005; Hendricks, 2005). Based on the text of the EnvEngBoK, we speculate that 117 

caring for human welfare and planetary health may be the primary professional and ethical 118 

responsibility of environmental engineers (i.e., subordinating all other duties shared among 119 

environmental engineering and the other engineering sub-disciplines). 120 

 121 

The theme of the caring nature of the profession of environmental engineering is reflected in 122 

the Standard Occupational Classifications (SOC) maintained by the U.S. Bureau of Labor 123 

Statistics (BLS, 2018). As emphasized in the highlighted text included in Table 1, the SOC entry 124 

for environmental engineers describes the use of engineering skills in the, “prevention, control, 125 

and remediation of environmental hazards.” In contrast, the SOC entries for many other 126 

engineering sub-disciplines emphasize “things” (i.e., aerospace engineers focus on “aircraft, 127 

missiles, and spacecraft,”; civil engineers focus on, “building structures and facilities,”; and 128 

industrial engineers focus on “systems”). As describes in the SOC for environmental 129 

engineering, preventing harm – especially harm related to the environment surrounding people 130 

– reflects concern for human welfare. 131 

 132 



Similarly, the definitions of “what the profession does” included in the Occupational Outlook 133 

Handbook (OOH) also published by the BLS supports a differentiation between environmental 134 

engineering and other engineering sub-disciplines (BLS, 2021). For example, the OOH describes 135 

the work of environmental engineers as “develop[ing] solutions to environmental problems.” 136 

This definition of environmental engineering contrasts significantly from the definitions of the 137 

work of civil engineers (“design, build, and supervise infrastructure projects and systems”), 138 

electrical engineers (“design, develop, test, and supervise the manufacture of electrical 139 

equipment”), or mechanical engineers (“design, develop, build, and test mechanical and 140 

thermal sensors and devices”). Phrases like, “solutions to problems,” evoke social needs that 141 

are not necessarily expressed by market forces and that require some level of intrinsic concern 142 

for planetary health. 143 

 144 

The theme of environmental engineering as a distinctive caring profession among the sub-145 

disciplines of engineering may be found in the data available from the National Survey of 146 

College Graduates (NCSG) from 2010 to 2019, conducted by the National Science Foundation 147 

(NSF). For example, environmental engineers as well as civil engineers are the most likely to 148 

respond that when thinking about a job, the job’s contribution to society is very important to 149 

them (i.e., as reported in Figure 1, the fraction of total environmental engineers offering this 150 

response (46%) is nearly twice the fraction of total computer engineers offering this response 151 

(27%)) (details on the data, sample, and variable construction are given in Appendix A). 152 

 153 



Collectively, the language from the EnvEngBoK, SOC, and OOH as well as the data from the 154 

NCSG all suggest that environmental engineering may be characterized as a caring profession 155 

(Note: this conclusion does not suggest that other sub-disciplines of engineering are uncaring; 156 

rather the emphasis here is on the caring nature of environmental engineering). As a caring 157 

profession, the work of environmental engineers may involve a strong moral commitment, 158 

strong emotional attachment, or strong personal connection reflecting a distinct sense of right 159 

and wrong beliefs and behaviors shared among the group of workers that make up the 160 

profession of environmental engineers (Ellemers et al, 2019). 161 

 162 

The peer reviewed literature on the education of environmental engineers further supports the 163 

theme of environmental engineering as a caring profession. For example, a survey of recent 164 

graduates of engineering asked about the desire to serve people or society through their jobs 165 

as well as their level of satisfaction in terms of meeting this desire through current employment 166 

(Bielefeldt and Canney, 2019). Results were binned into the sub-disciplines of “environmental 167 

engineering”, “civil engineering”, or “mechanical engineering”.  Many respondents expressed a 168 

strong desire for service, and many respondents expressed dissatisfaction with the ability to 169 

help people as part of their current job. Among the groups examined in the study, 170 

environmental engineers were the most likely to express a desire to serve and as well as the 171 

most likely to express dissatisfaction with the ability to serve as part of their current job 172 

(Bielefeldt and Canney, 2019). These results support the view that environmental engineers 173 

share a moral commitment and may point to environmental engineers pursuing jobs that allow 174 

for greater focus on human welfare. 175 



 176 

A second example from the peer reviewed literature on the education of environmental 177 

engineers notes that the rapid switch to on-line instruction during the spring semester of 2020 178 

– due to COVID-19 – was associated with an “emotional disconnect” between faculty and 179 

students in environmental engineering (Oerther and Peters, 2020a; Oerther and Peters, 2020b). 180 

This result suggests that teaching in environmental engineering relies upon establishing strong 181 

personal connections as well as strong emotional attachment among students and faculty.  182 

 183 

Finally, the caring nature of environmental engineering also has been described previously 184 

through a comparison of the sub-discipline of environmental engineering to the profession of 185 

nursing; in particular a growing body of evidence supports the view that the practice of 186 

environmental engineering benefits from a grounding in the theory of care developed by the 187 

profession of nursing (Oerther, 2017; Oerther et al, 2020; Oerther and Glasgow, 2021; Oerther 188 

and Oerther, 2022). 189 

 190 

Nursing is widely recognized among the healthcare professions – including dentists, 191 

pharmacists, physicians and surgeons, veterinarians, and others – as among the most caring 192 

professions and the single most trusted profession (Saad, 2020). For example, the SOC entry for 193 

registered nurses describes the work of nurses as, “assess[ing] patient’s health problems 194 

[emphasis added] and needs, develop and implements nursing care plans, and maintain 195 

medical records. Administer nursing care to ill, injured, convalescent, or disabled patients. May 196 

advise patients on health maintenance and disease prevention [emphasis added] or provide 197 



case management,” (BLS, 2018, p.104). Similar to the SOC entry for environmental engineers 198 

that describes the use of engineering skills in the, “prevention, control, and remediation of 199 

environmental hazards,” the SOC entry for registered nurses emphasizes prevention. 200 

Furthermore, similar to the OOH entry for environmental engineers that describes the work of 201 

environmental engineers as “develop[ing] solutions to environmental problems,” (BLS, 2021) 202 

the SOC entry for registered nurses emphasizes problem solving. The similarities between the 203 

occupational responsibilities of registered nurses and environmental engineers suggests that 204 

both professions may share distinctive aspects of caring (Oerther, 2021). 205 

 206 

3. We hypothesize that environmental engineering is subject to the care penalty 207 

As noted by the NAE in the Changing the Conversation campaign, the way in which a profession 208 

describes itself influences the kind of people a profession attracts to its ranks. Labor economists 209 

typically explain earnings differences as the result of differences in education, experience, and 210 

other measures of skill, often cumulatively referred to as “human capital”.  However, 211 

considerable research points to the additional impact of industry and job characteristics: 212 

individuals with very similar levels of human capital garner very different earnings, depending 213 

on who they are and where they are employed (Card et al., 2018).  In particular, women tend to 214 

earn less than men with similar or even lower levels of education, partly as a result of past and 215 

current discrimination (Blau and Kahn, 2017). 216 

 217 

Gender enters wage determination in another, more subtle way. Women tend to choose jobs 218 

that invite – and probably require – concern for human welfare. In the U.S. as well as other 219 



countries, women are disproportionately concentrated in jobs in health, education and social 220 

services, many of which are located in the public sector (Folbre et al., 2021).  Women also are 221 

considerably more likely than men to be employed in non-profit or public-interest jobs. Both 222 

men and women pay a care penalty in these jobs, though proportionally more women are 223 

affected by it (England et al., 2002; Hirsch and Manzella, 2015; Hodges et al., 2018).  224 

 225 

Explanations of the care penalty emphasize two related factors (Folbre, 2012; Folbre, 2018). 226 

The first concerns the supply side of the labor market – the behavior of job seekers.  While 227 

intrinsic motivation – including concern for human welfare – can substantially improve work 228 

performance, it also lowers the bargaining power of workers, because it lowers their 229 

“reservation wage”. When employers know that workers are willing to work for less, they  230 

typically offer employees lower starting salaries and lock them into a lower earnings trajectory. 231 

This might be interpreted as an illustration of the adage “nice guys (and gals) finish last” (Frank, 232 

2004). While not all workers are equally motivated to do good, even a small number of workers 233 

who are willing to sacrifice pay can influence professional norms in ways that depress wages 234 

across a profession. 235 

 236 

A second factor concerns the demand side of the labor market – the behavior of firms. 237 

Employers typically compare the wage they pay with the additional revenue that worker will 238 

generate. In many jobs, this additional revenue is directly linked to the workers’ contributions 239 

to output. In many other jobs, however, a worker creates “positive spillovers” (i.e., promoting 240 

human welfare or planetary health) that are not captured easily by the firm and therefore do 241 



not directly contribute to financial gain. For instance, nurses and teachers are not paid on a per-242 

unit-output basis, and neither hospitals or schools directly “sell” the improvements in health or 243 

education generated by nurses or teachers.  244 

 245 

Similar to what has been observed previously for other occupations involving care, such as 246 

teaching, counseling, providing health services or supervising children (England et al, 2002), we 247 

hypothesize that – among the sub-disciplines of engineering – the profession of environmental 248 

engineering is highly susceptible to a care penalty – a reduction in pay attributable to the 249 

specific characteristics of care provision.  250 

 251 

If our hypothesis is true, then we would expect to observe two patterns; one pattern in 252 

demographic data, and a second pattern in salary data. First, we would expect that 253 

environmental engineering would attract a larger fraction of women as compared to other sub-254 

disciplines of engineering as a result of women being disproportionately represented in jobs 255 

performing care work (Folbre et al, 2022). Second, we would expect to observe lower salaries 256 

among environmental engineers as compared to other sub-disciplines of engineering as a result 257 

of paying a care penalty (regardless of gender) (Folbre, 2012; Folbre, 2018). To explore our 258 

hypothesis, we reviewed relevant and adjacent literature (i.e., Hunt, 2016; Blosser, 2017; Hess 259 

and Fore, 2018; Kuehn and Salzman, 2018; Cech, 2021), and we analyzed available demographic 260 

data from the Profiles of Engineering and Engineering Technology (Profiles) collected annually 261 

by the American Society for Engineering Education (ASEE) as well as the salary data from the 262 

NCSG conducted by the NSF. 263 



 264 

4. Analysis of demographic trends and salaries in environmental engineering 265 

During the past decade (2009 to 2019), the U.S. witnessed a doubling in the number of 266 

baccalaureate degrees awarded in the total of all sub-disciplines of engineering plus computer 267 

science (i.e., from a total of 74,387 in 2009 (ASEE, 2010) to a total of 144,818 in 2019 (ASEE, 268 

2020)). Over a similar period, the number of baccalaureate degrees awarded in the sub-269 

discipline of environmental engineering also increased substantially (i.e., from 496 in 2004 270 

(Jones et al, 2005) to 1,231 in 2019 (ASEE, 2020)), and the most recent data show that 271 

environmental engineering is the fastest growing sub-discipline of engineering when comparing 272 

the total change in undergraduate enrollment from Fall 2019 to Fall 2020 (ASEE, 2021).  273 

 274 

The first reported census of environmental engineers was published in 2005 (Jones et al, 2005). 275 

This census was updated in 2016 (Blaney et al, 2016) and again in 2018 (Blaney et al, 2018). 276 

From these three reports, three key messages include: 1) enrollment of students pursuing 277 

degrees in environmental engineering has seen a steady increase over the past fifteen years; 2) 278 

the proportion of women is high as compared to other sub-disciplines of engineering (i.e., 279 

women earned 53.3% of the baccalaureate degrees in environmental engineering conferred in 280 

2020 as compared to 23% of total baccalaureate graduates, and women earned  46.3% of the 281 

master’s degrees and 43.6% of the doctoral degrees in environmental engineering conferred in 282 

2020 (ASEE, 2021)); and 3) the proportion of other historically underrepresented groups (i.e., 283 

Black, Indigenous, and People of Color (BIPOC)) is not substantially different than other sub-284 

disciplines of engineering (i.e., historically underrepresented groups earned 14.9% of the 285 



baccalaureate degrees in environmental engineering conferred in 2020 as compared to 15.5% 286 

of total baccalaureate graduates (ASEE, 2021)). 287 

 288 

As reported in Table 2, the sub-discipline of environmental engineering awarded the largest 289 

percentage of bachelor’s degrees to women (43.7%) in 2009. This percentage was more than 290 

twice that of civil engineering (20.1%) and approximately three- to five-times larger than 291 

aerospace (14.2%), electrical (11.5%), mechanical (11.4%), or computer engineering (7.9%). 292 

Among degrees awarded in 2009, only 17.8% of all baccalaureate degrees were awarded to 293 

women (ASEE, 2010); whereas in 2019, the percentage had risen to 22.5% (ASEE, 2020). Over 294 

the same decade (2009 to 2019), environmental engineering consistently awarded the largest 295 

percentage of baccalaureate degrees to women, and environmental engineering is the only 296 

sub-discipline where more than half of all baccalaureate degrees are awarded to women (Table 297 

1, data for 2019). We hypothesize the caring nature of the work of environmental engineers – 298 

including the invitation or perhaps the requirement of concern for human welfare – 299 

disproportionately attracts women to environmental engineering in much the same way the 300 

caring nature of nursing disproportionately attracts women to become registered nurses 301 

(Folbre et al., 2021). 302 

 303 

To begin to estimate the cost of the care penalty in the sub-discipline of environmental 304 

engineering, we pooled five waves of the NSCG: 2010, 2013, 2015, 2017, and 2019, and limited 305 

our sample to individuals currently employed in engineering occupations, with a total of 50,213 306 

observations (see Appendix A for more details). When reporting statistics disaggregated by 307 



occupation, we considered eight occupations with sample sizes greater than 1,500 308 

observations; these eight occupations were environmental, aerospace, chemical, civil, 309 

computer, electrical, industrial, and mechanical engineering. These eight occupations constitute 310 

more than 80 percent of all individuals employed in engineering occupations in our sample 311 

(Note: while additional occupations included in the SOC would be interesting to include for 312 

comparison – such as agricultural, biological, biomedical, as well as health and safety engineer – 313 

these additional occupations lacked sufficient number of observations in the NSCG to be 314 

included in the current analysis at this time).  315 

 316 

Among these eight representative engineering occupations, environmental engineers have the 317 

lowest median salary, and it is approximately 17% lower than the median salary for all 318 

engineers (Table 3). This low salary for environmental engineers exists despite the fact that 319 

compared to the average for all engineering occupations, environmental engineers are more 320 

likely to have a master’s degree and are as likely to have a PhD (Appendix A, Table A1).  321 

 322 

While environmental engineering has the highest fraction of women (Appendix A, Table A1), 323 

and women in engineering occupations earn less than men, low salaries in the sub-discipline of 324 

environmental engineering persist within gender groups: among both women and men, 325 

environmental engineers earn the lowest median salaries (Table 3). 326 

 327 

We also conducted a more systematic assessment of salary differences across engineering 328 

occupations using ordinary least-squares (OLS) regressions to estimate salary differences 329 



controlling for available potential confounders, including: education, experience, race and 330 

ethnicity, characteristics of highest degree awarded (year, whether outside the US, and 331 

institution quality using 1994 Carnegie codes), and job characteristics (including part-time 332 

status, employer sector, employer region, and employer size). Table 4 shows our estimates of 333 

occupational coefficients from the OLS regression of the natural log of salaries on occupational 334 

dummies (with environmental engineers as the reference occupation) and these individual and 335 

job controls (the first specification includes only individual controls, while the second 336 

specification adds controls for job characteristics). The OLS coefficient on a particular 337 

occupation can be interpreted as the log point difference in salaries between that occupation 338 

and environmental engineers. On average, salaries in every engineering occupation are higher 339 

than salaries for environmental engineers, for both women and men, controlling for the full set 340 

of comprehensive individual and job characteristics. Some of these pay differences are 341 

considerable: for example, among men, electrical engineers have earnings that are 21 log 342 

points higher than for environmental engineers. With the exception of civil and industrial 343 

engineering among women (where differences are too small to be statistically significant), 344 

difference in pay between environmental engineers and engineers in other sub-disciplines are 345 

statistically significant at the 1 percent level for both women and men.  346 

 347 

Self-reported levels of job satisfaction also show that environmental engineers report low levels 348 

of satisfaction with their job’s salary and opportunities for advancement. For example, the 349 

fractions of individuals who report that they are at least somewhat satisfied with their salary – 350 

or with their opportunities for advancement – are the smallest for environmental engineering 351 



as compared to the other eight sub-disciplines of engineering (Appendix A, Figures A1 and A2 352 

and Table A2).  353 

 354 

To sum up, we note that the average salaries are lowest among environmental engineering as 355 

compared to other sub-disciplines of engineering, controlling for a comprehensive set of 356 

individual and job characteristics. We further note that this trend is consistent when salary data 357 

are disaggregated by gender; both women and men earn significantly less in environmental 358 

engineering. Collectively, these results support our suspicion that professionals employed as 359 

environmental engineers earn much less than similar individuals in other engineering 360 

occupations, consistent with the possibility of the care penalty. 361 

 362 

Caveats to our analysis of salaries include the fact that we could not control for many 363 

unobserved individual or employer characteristics, and therefore represent only associations 364 

between occupations and earnings. However, the striking pay penalties observed for 365 

environmental engineers are consistent with the hypothesis that environmental engineering is 366 

highly susceptible to the care penalty.  Our preliminary results invite further study – with or 367 

without the collection of additional data – to evaluate the nature of earnings differentials 368 

across engineering occupations. 369 

 370 

5. Implications for the future of caring in environmental engineering 371 

If, as we have described above, there is a high probability that a care penalty exists in the 372 

profession of environmental engineering, then what should we do next? Certainly, 373 



environmental engineers should not be encouraged to be “less caring”, and we should be 374 

cautious in waving a warning flag that discourages caring individuals from engaging in the 375 

important work of environmental engineering. Therefore, we propose that the first reaction to 376 

this discovery should be confirmation. 377 

 378 

Presuming confirmation further supports the presence of a care penalty in environmental 379 

engineering, we suggest that a broad approach to solutions should be pursued; looking to the 380 

literature to explain how short-run market forces can lead to undervaluation (i.e., recently in 381 

the “essential workers” of the COVID-19 pandemic (Folbre et al, 2021)). As a starting point for 382 

discussion of possible solutions in the sub-discipline of environmental engineering, we suggest 383 

the consideration of two parallel responses.  384 

 385 

Each proposed response focuses on one of the two factors in the labor market that contribute 386 

to the care penalty, namely the behavior of firms or the behavior of job seekers. To be 387 

consistent with the historical development of the field (i.e., Boyce, 1963; Hendricks and 388 

Baumann, 1990; Anderson, 2005; Hendricks, 2005) as well as the modern practice of 389 

environmental engineering (i.e., AAEES, 2009), each of these two parallel responses should 390 

utilize the comprehensive view of sustainable development prevalent within the profession of 391 

environmental engineering. This view includes the model of the triple bottom line accounting of 392 

people (i.e., human welfare), planet (i.e. planetary health), and prosperity (i.e., financial gain) 393 

(Brown and Rasmussen, 2019; EPA, 2021). To be consistent with the future practice of 394 

environmental engineering, each of these two parallel responses should carefully consider the 395 



five specific ways that environmental engineers propose to help solve societal grand challenges 396 

during the first-half of the 21st century, namely: 1) sustainably supplying food, water, and 397 

energy; 2) curbing climate change and its impacts; 3) designing a future without pollution or 398 

waste; 4) creating efficient, healthy, resilience cities; and 5) fostering informed decisions and 399 

actions (NAE, 2019). 400 

 401 

As a first approach – targeting the demand side of the labor market represented by firms – we 402 

propose that environmental engineers should encourage both life-cycle principles (i.e., Oerther, 403 

2022) as well as environmental full-cost accounting (i.e., ISO 26000:2010 Guidance on Social 404 

Responsibility) in order to increase fungibility among different measures of the components of 405 

the triple bottom line of people, planet, and prosperity. While we note that this may be viewed 406 

as a “long-term” goal, one important aspect of the care penalty is that the positive spillovers in 407 

value created in human welfare and planetary health often are poorly captured in financial 408 

gains on the quarterly balance sheet of  firms.  409 

 410 

Our suggestion is supported by the observation that industry leading firms specializing in the 411 

sub-discipline of environmental engineering (i.e., AECOM) enjoy slimmer profit margins as 412 

compared to industry leading firms specializing in the sub-discipline of computer engineering 413 

(i.e., Intel). For example, the EBITDA margin (earnings before interest, taxes, depreciation, and 414 

amortization as a Percentage of revenue) of AECOM varied between 1.71% and 7.32% over the 415 

period 2010-2020 (https://www.macrotrends.net/stocks/charts/ACM/aecom/ebitda-margin); 416 

whereas the EBITDA margin for Intel varied between 35.10% and 47.73% between 2010 and 417 

https://www.macrotrends.net/stocks/charts/ACM/aecom/ebitda-margin


2020 (https://www.macrotrends.net/stocks/charts/INTC/intel/ebitda-margin). The trend of a 418 

slimmer profit margin observed for AECOM holds for other large firms in environmental 419 

engineering (i.e., EBITDA margins in March, 2020 included: 5.12% for Jacobs; 7.32% for Stantec; 420 

and 7.81% for Tetra Tech Inc). Whereas, the trend of a sizeable profit margin for Intel holds for 421 

other large firms in computer engineering (i.e., EBITDA margins in March, 2020, included: 422 

14.85% for AMD; 38.12% for Qualcomm; and 46.96% for Texas Instruments Inc). 423 

 424 

One of the contributing factors to this observation of slimmer profits margins could be related 425 

to the commodification of engineering services. Consolidation of local firms as well as buy-outs 426 

and mergers among larger firms specializing in environmental engineering (i.e., the 2017 427 

acquisition of CH2M by Jacobs Engineering Groups Inc.) (Jacobs, 2017) have occurred alongside 428 

the emergence of severe disruptions coming from machine learning and generative design 429 

algorithms. What is now commonly known as the “Fourth Industrial Revolution” is contributing 430 

to a race to the bottom for low cost, fast delivery of design (Crawford, 2018).  431 

 432 

Nonetheless, engineering design is inherently related to the user experience, and as a caring 433 

profession the sub-discipline of environmental engineering may include strong personal 434 

connections, strong emotional attachment, and a shared moral commitment to human welfare 435 

and planetary health. Firms specializing in environmental engineering may leverage the prior 436 

efforts of the NAE’s Changing the Conversation campaign and market themselves to employees 437 

and clients using care to deliver a better product. The importance of caring, including empathy 438 

– or the ability to understand and share the feelings of another – has been described as a 439 

https://www.macrotrends.net/stocks/charts/INTC/intel/ebitda-margin


hallmark trait of jobs in the emerging space of “STEMpathy” – where science, technology, 440 

engineering, and math skills are coupled to human empathy (Friedman, 2016). Friedman 441 

predicts that STEMpathy jobs are less susceptible to outsourcing as well as less susceptible to 442 

the Fourth Industrial Revolution (Friedman, 2017). 443 

 444 

As a second approach – targeting the supply side of the labor market represented by job 445 

seekers – we propose that environmental engineers should clearly demonstrate the unique 446 

contributions that technically skilled commitments to human welfare can generate. For 447 

example, the literature suggests that there are significant gender gaps with women in the U.S. 448 

more likely to be interested in environmental concerns, especially climate change, as compared 449 

to men (Saad, 2021). The literature further suggests that diversity among teams performing 450 

engineering design is a benefit – both to the process of design as well as to the quality of the 451 

final design as measured by utility among the breadth of potential customers (Wulf, 2002). 452 

While issues of gender and diversity are nuanced and require careful consideration of causes, 453 

effects, and solutions, we offer the preliminary suggestion that these two trends could be 454 

coupled with the upswing in appreciation for climate finance to help capture a portion of the 455 

spillover benefits of environmental engineering. 456 

 457 

For example, understanding the true value of environmental services is important for all of 458 

humanity. Local development projects (Piggott-McKellar et al, 2019), investment portfolios and 459 

multinational corporations, as well as central banks and governments (D’Orazio and Popoyan, 460 

2019) all are exploring innovative approaches to price planetary health as part of a financial 461 



position in light of a changing climate. These efforts include insurance products developed 462 

specifically by environmental engineers (i.e., the Caribbean Ocean and Aquaculture 463 

Sustainability faciliTy or COAST (Oerther, 2022)) as well as the use of finance to mitigate the 464 

impacts of disasters and return to sustainable development through collaborations of nurses, 465 

engineers, and other caring professions (i.e., Dion et al, 2022). 466 

 467 

Environmental engineers – who have a documented commitment to human welfare and 468 

planetary health as well as a distinctive demographic among the engineering sub-disciplines – 469 

may be uniquely positioned to emerge as leaders who demonstrate both technical knowledge 470 

and skills as well as professional attitudes consistent with future needs. As the profession of 471 

environmental engineering continues to grow and as the role of climate change continues to 472 

impact both the local and the global economy, there will be an increasing competitive 473 

advantage for caring environmental engineers to rise to top leadership positions across the 474 

wide-range of firms that rely upon any engineering sub-discipline. Environmental engineers 475 

may benefit by borrowing from similar efforts to penetrate leadership positions such as the 476 

campaign to “Get Nurses on Boards” (Oerther, 2018). While future work should explore the 477 

nuanced issues of justice, diversity, equity, and inclusion, we suggest that efforts borrowed 478 

from other caring professions, such as nursing, have the potential to change the culture within 479 

firms as more diverse leaders helps to open up opportunities to capture value created in caring 480 

for human welfare and planetary health on the quarterly balance sheet. 481 

 482 

6. Conclusions 483 



Based upon a review of the literature as well as the analysis of available data, we observe that 484 

environmental engineering may be susceptible to a care penalty. Rather than suggest that 485 

environmental engineers should become less caring, we propose that environmental engineers 486 

should be aware of this economic risk and seek to mitigate the care penalty in advantageous 487 

ways. We suggest that a greater awareness of these issues could build on and strengthen 488 

growing public concerns regarding environmental sustainability. Finally, we suggest that 489 

distinctive attributes of environmental engineering may prove critical to unlocking growth in 490 

the engineering workforce in the U.S. as care for human and planetary health. 491 

 492 
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