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Introduction

The dynamics of engineering labor markets are controversial. Some believe they are
similar to other labor markets, in which the supply of workers is responsive to demand as
reflected in salaries. As the demand for engineers increases, salaries increase, motivating more
students to major in engineering and more incumbents to stay in engineering. Others assert that
the specialized knowledge and arduous education and training required of engineers inherently
limit the size of the labor pool. According to this view, the U.S. education system does not
produce a sufficient number of qualified engineers to meet national needs. One problem is said to
be a lack of interest in the profession of engineering by American young people, especially
women and some minorities. Another is a supposed weakness in the U.S. K-12 education system
which, it is claimed, does not produce a sufficient number of high school graduates qualified to
enter university engineering programs.

Petroleum engineering provides an illustrative case study for assessing the dynamics of
engineering labor markets more generally. Petroleum engineering is a field where concerns about
shortages of talent have been strongly voiced by industry leaders for a number of years, first
prompted by observations over the past decade of labor force demographics indicating a need for
increased hiring The anticipated wave of retirements in the industry, in a workforce where half of
all geophysicists and engineers are expected to retire by 2018, is characterized by people in the
oil and gas industry as “the great crew change.” In recent years the demand for replacement
hiring was further compounded by increased exploration that requires hiring additional
petroleum engineers. The history of petroleum engineering demand reflects the cyclical demand
for engineers in response to changes in the industry.

The building of the Trans-Alaska Pipeline and increased oil exploration in other regions
had led to rapidly increasing demand for petroleum engineers in the 1970s. But once the
pipeline was built and new domestic oil exploration slowed, demand for new petroleum
engineering graduates fell off. However, by the late 1990s many of the Trans-Alaska Pipeline
generation engineers were approaching retirement age and, most recently, more of the workforce
passed retirement age just as spikes in oil prices were leading to an anticipated increase in need
for petroleum engineers as firms were motivated to explore more aggressively for new oil fields.

In this chapter we first examine the recent history of claims that the market for skilled
labor is dysfunctional. We then investigate the adjustment of the supply of engineering graduates
to meet sharp increases in demand for petroleum engineers, and the implications for other areas
of engineering and for the supply and demand of science and engineering (S&E) personnel. This
investigation begins with a description of the field of petroleum engineering. In the next section
of this chapter we describe the supply responses to the market signals of the late 1990s and early
2000s. We then discuss the mechanisms that signaled an upcoming demand spike to universities
and other institutions, and the responses that allowed those institutions to meet the demand.
Finally, we conclude with the implications of this case for the shortage and mismatch claims
made about the S&E workforce.

Shortage and Mismatch Claims



DRAFT: Do not cite or quote without authors’ permission

Following the Great Recession of 2008, a group of technology company CEOs and others
on the President’s Council on Jobs and Competitiveness called for special measures by
government, business, and universities to increase the number of U.S. engineering graduates by
10,000 a year. The Institute for Electrical and Electronics Engineering President Ron Jensen
supported this call, asserting that more engineering graduates are needed because engineers drive
innovation and create jobs. Companies cited a shortage of engineers as the reason they have
“had” to move work offshore. CBS News featured Andrew Liveris, president of Dow Chemical,
lamenting the scarcity of qualified engineers in the United States, saying this had caused his
company to open research and development labs in Brazil, China, India, and Eastern Europe
instead of the United States. And famously in 2011, Steve Jobs told President Obama that the
reason he located 700,000 manufacturing jobs in China instead of the United States was his
inability to find enough industrial engineers in the United States (Issacson 2011). These calls for
government to increase the number of engineering graduates follow a decade-long series of
reports and policy statements decrying shortages of science and engineering graduates (e.g., see
Teitelbaum 2014 for history of shortage claims; Salzman 2013).

Some claim that persistent high rates of unemployment in the wake of the economic crisis
that started in 2008 were caused by a mismatch between the skills of the unemployed and the
skill needs of the new economy. Rapidly advancing technology implies that the skill needs of the
“new” economy are primarily in the area of S&E human resources. These claims are
compounded by the fear that the United States is losing (or will soon be losing) a technological
race with other countries. This fear is supported by reports that China and India are producing
hundreds of thousands of engineers. Furthermore, numerous reports argue that the United States
is losing technological competitiveness because of weaknesses in our K-12 math and science
education system. One alleged consequence of this weakness is a shortage of Americans well
enough educated to succeed in university engineering programs.’

These concerns have motivated proposals for heavy investments to remedy the
weaknesses in the United States’ K-12 math and science education system, make engineering as
a career seem more attractive to young people (especially women and minorities who are
underrepresented in engineering), offer more scholarships to engineering students, and expand
university engineering programs. These primary and secondary educational reforms are typically
complemented by proposals to bring in larger numbers of talented foreign engineers while
retaining more of those who are already here at our universities and in our high-tech workforce.

The purported need to increase the number of engineering graduates available in the
United States for employers is based on a number of assumptions. It is assumed that there is
indeed a shortage of engineers that cannot be met by the normal functioning of labor markets.
Furthermore it is assumed that the size of the stock of engineers in a country is proportional to
the country’s economic and military security, or even that to be secure a country must have more
engineers than its rivals. Still another assumption is that increasing the supply of engineers,
regardless of the demand expressed in the market place, will increase innovation and in turn
drive economic growth. Still more assumptions underlie the proposals to fix the supposed
shortage problem, such as the notion that part of the claimed shortage of engineering graduates is
caused by the failure of American schools to train K-12 students so that they are qualified to
enter university engineering departments and this failure is exacerbated by a failure to convince
students about the excitement of engineering as a profession. The contention, then, is that there

! Probably the most prominent publications making these claims are National Research Council 2007, 2010.
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are “market failures” leading to shortages in the supply of engineers in the United States. U.S.
universities and students, according to this logic, are not responding to the national need for
larger numbers of well-educated engineers. Further, those concerned about the supposed
engineering shortage argue that the United States’ stock of engineers should be further increased
by bringing in larger numbers of talented foreign professionals and by retaining those who are
here at our universities (see Lynn and Salzman, 2010, for a review and discussion of these
points).

Many social scientists have been skeptical of these claims, arguing that much of the push
to train (or import) more engineers is actually motivated by the labor cost interests of employers
rather than actual labor market dysfunctions. If there is a surplus of engineering graduates
companies can pay new graduates less, thus lowering their labor costs. The costs to society of
creating an oversupply of engineers, however, are high. These include the wasted time and
efforts of bright young people being trained for jobs that don’t exist and the wasted resources of
government and universities creating the capacity to train more engineers than are needed.”
Moreover, an extreme oversupply might dampen the interest of new generations of Americans in
pursuing high-tech education leading to real shortages in the future (note the arguments reviewed
in Teitelbaum 2014, 118-154). And of course, there are the personal costs and frustrations borne
by those who do not find careers in engineering despite their academic qualifications.

How responsive generally are labor markets to rapid changes in demand? Several studies
have considered the labor market response to a large demand shock following the discovery of
natural resources. This work typically finds evidence that labor markets are very responsive,
although the response lags sharp initial wage increases. Indeed, recent natural resource booms
such as the building of the Trans-Alaska Pipeline (Carrington 1996) have been associated with
higher labor supply elasticity than older cases such as the California Gold Rush (Margo 2000).
The impact of these shocks on local labor markets has been of particular interest. There is also a
literature that provides critical insights into the general equilibrium response to a natural resource
shock (e.g., Marchand 2012; Clay and Jones 2008; Aragon and Rud 2013; Black, McKinnish,
and Sanders 2005), although all consider the broader labor market and none deal directly with
engineering labor markets.

So far, evaluations of arguments about alleged market failures in engineering job markets
have generally relied on research showing the numbers of graduates each year who are hired into
engineering jobs, university enrollments, salary trends, and other statistical indicators for
engineers in the aggregate. Dynamic changes in a specific labor market are more difficult to
study, yet such studies are needed to give us a better sense of what influences the supply of
engineers. How quickly does the education system, for example, respond to changes in market
demand? Do shortages of qualified engineering students or institutional rigidities in universities
cause failures in supply to meet the demand for engineers? Let us now turn to the case of the
market response to sudden changes in the demand for petroleum engineers.

Petroleum engineering: What do petroleum engineers do?

2 Some of the reports and papers arguing that for action to increase the number of engineering graduates in the
United States are Council on Competitiveness (2004), Farrell and Grant (2005), National Academy of Sciences
(2007, 2010) and National Association of Manufacturers (2005). We have addressed these arguments in Lindsay and
Salzman (2007), Lynn and Salzman (2010), Salzman (2013) and elsewhere.
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Petroleum engineers are engaged in a wide span of activities related to the development
and exploitation of crude oil and natural gas fields. Their activities span the life cycle of the
fields: finding reservoirs, deciding how to get the best yield from them, designing equipment for
drilling and pumping, ensuring regulatory compliance, getting additional yield from older fields,
and shutting down depleted fields. Major areas of specialization within petroleum engineering
include drilling engineering, production engineering, reservoir engineering, and petrophysical
engineering (designing tools and techniques to determine rock and fluid characteristics).
Engineers from mechanical, civil, electrical, geological, and chemical engineering have
contributed to these fields. Princeton Review says the work “... can mean travel, long stays in
unusual (and sometimes inhospitable) locations, and uncertain working conditions.” The Review
cites a petroleum engineer as saying, “If you’re into engineering and gambling, petroleum
engineering is for you.” Because of the sometimes harsh working conditions and sometimes
quickly fluctuating employment prospects starting salaries have tended to be high compared to
other fields of engineering. While a bachelor’s degree in petroleum engineering is preferable for
petroleum engineers, some hold degrees in mechanical or chemical engineering (Bureau of
Labor Statistics 2014).

The profession of petroleum engineering got its formal start early in the 20th century
when it became clear that the harvesting of surface oil and the use of water well drilling
techniques were not sufficient to meet the burgeoning demand for oil and gasoline. The first oil
fields were in Pennsylvania, and the University of Pittsburgh introduced courses in oil and gas
industry practices in 1910. The first degree in petroleum engineering was granted in 1915. The
University of California at Berkeley introduced courses in petroleum engineering around the
same time, and established a four-year petroleum engineering program in 1915. Around twenty
universities now offer petroleum engineering education programs, the largest programs (in
number of bachelor of science degrees awarded in recent years) are Texas A&M University,
Pennylvania State University, Colorado School of Mines, University of Texas at Austin and
Texas Tech University). A number of programs at other universities have not awarded degrees in
recent years and some programs have capped enrollments Some companies offer in-house
training programs in petrochemical engineering.

At first the focus of petroleum engineers was on finding ways to address drilling
problems. In the 1920s it shifted to improving well design and production methods. A decade
later a major concern was finding ways to maximize outputs from entire fields. After World War
II petroleum engineers improved the techniques of reservoir analysis and petrophysics. New
technology also was needed to support the new offshore oil industry. More recently additional
challenges have been posed by the need to find oil and natural gas in the arctic, very deep water,
and desert conditions. These have required additional technical inputs from thermohydraulics,
geomechanics, and intelligent systems. Still another development has been the increased use of
hydraulic fracking techniques for the extraction of hydrocarbons.

This chapter draws on two data sources to assess the size of the petroleum engineering
workforce; the American Community Survey (ACS), produced by the Census Bureau, and the
Occupational Employment Statistics (OES) produced by the Bureau of Labor Statistics. In 2010
there were about 35,000 petroleum engineers in the United States (37,340 according to the ACS
and 34,910 according to the OES; given the small relative size of this workforce, we expect some
variation in these estimates). The ACS estimates show a 58 percent increase from the 23,604
petroleum engineers in the workforce in 2010. Employers include major oil companies and oil
industry suppliers such as Exxon-Mobil, Chevron, Haliburton, and Schlumberger, as well as
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large numbers of smaller independent oil, services, and production companies. In 2013 the mean
salary for petroleum engineers in the United States was estimated to be $128,000 according to
the ACS and $149,000 according to the OES datasets. Median salaries were somewhat lower in
both datasets at $100,000 and $132,000, respectively.

In number of bachelor’s degrees awarded, petroleum engineering is one of the smaller
engineering fields. In 2012-2013 only 1,130 of 87,812 bachelor’s degree awards in engineering
in the United States were petroleum engineers. Nearly half the bachelor’s degrees awarded in
engineering went to students in just three fields: mechanical (25 percent), civil (18 percent), and
electrical (21 percent). In 2012-2013, some 14 percent of new petroleum engineers were women,
slightly less than the 19 percent of women in engineering overall. The number of bachelor’s
degrees awarded in petroleum engineering more than quadrupled between 2003 and 2013, from
252 to 1,130. Petroleum engineering has the largest rate of increase of any engineering field,
though the even smaller workforces in mining engineering and nuclear engineering also had
large rates of increase’.

Market Signals and Market Responses

In the 1970s, the building of the Trans-Alaska Pipeline and increased oil exploration in
other regions led to rapidly increasing demand for petroleum engineers. By 2002 however,
Occupational Outlook forecast an employment decline “because most of the petroleum-
producing areas in the United States already have been explored” (Bureau of Labor Statistics
2004), and this continued to be the forecast through the 2008 edition of Occupational Outlook. In
the most recent edition, 2014-2015 however, the Bureau of Labor Statistics forecast changed to a
projected employment increase of 26 percent over the coming decade because “petroleum
engineers increasingly will be needed to develop new resources, as well as new methods of
extracting more from existing sources.” The shift to greater exploration followed the 2008 oil
price spike, which also increased the returns to investments in types of oil extraction that were
previously cost prohibitive (e.g., horizontally-drilled and hydraulically fractured shale), thus
increasing the demand for petroleum engineers, especially those with new skill sets.

The number of job openings began to exceed the number of graduates around 2002, even
though there still had been no overall workforce growth®. This was because of retirements and
because there had been little hiring since the earlier oil boom and hiring expansion of the 1970s
and 1980s. In some interviews with managers in oil companies in the mid-2000s, we found high
levels of concern because the large cohort of engineers hired in the 1970s and 1980s was retiring
just as the firms were launching large development and maintenance projects. This underlying
demand was then exacerbated by the oil price spike, which intensified exploration efforts, as
higher oil prices made previously unprofitable exploration (which in many cases posed greater
engineering challenges) now profitable.

The response to this confluence of events—Ilittle hiring for many years, a current
workforce that was aging and retiring, and a sudden increase in oil exploration—Ied to an
observable demand for new petroleum engineers that exceeded the number of graduates each
year. The earlier demand pressure from retirements had already led to increases in starting

3 Although no other field quadrupled, mining engineering went from 85 to 231, and nuclear engineering went from
202 to 614 from 2004 to 2013 (Yoder, 2013).

* The BLS’s Occupation Outlook Handbook notes that for 2012 the number of job openings was 38,500 with
projected growth of 26% 2012-2022 (much faster than average).
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salaries, but with the oil price spike petroleum engineering starting salaries rose even further,
becoming the highest of all fields of engineering for new bachelor’s degree graduates (National
Association of Colleges and Employers 2010). Starting salaries (in 2014 dollars) jumped from an
already high $64,201 in 1997 ($43,674 in actual, 1997 dollars) to $71,568 in 1999 ($50,400 in
1999 dollars). Starting salaries in the early 2000s rose (in 2014 dollars) to $72,532 and $75,290
in 2003 and 2005, respectively, and then falling to $72,804 in 2008 (Bureau of Labor Statistics
2004, 2006; National Association of Colleges and Employers, 2009). The recent substantial
increase in demand for petroleum engineering graduates began in 2009, when starting salary
offers jumped to $90,754 in 2014 dollars, and steadily increased afterwards, reaching $98,257 in
2013 (National Association of Colleges and Employers 2010, 2014). In all these years, petroleum
engineering salaries were higher than other engineering salaries but, until the spike in demand,
the petroleum engineering starting salary premium was relatively small. For example, the 1997
$43,674 starting salary for petroleum engineers was only slightly greater than that for the second
highest paid engineering field, chemical engineers, who received an average starting salary of
$42,817. In 2010, however, the starting salary of $86,220 for petroleum engineers was much
higher than that of the second highest field, still chemical engineering, which was only $65,142
(National Association of Colleges and Employers 2010). Petroleum engineer starting salary
figures from NACE are reported in Figure 1, along with mean salary trends for all petroleum
engineers estimated using the American Community Survey (ACS) and the Occupational
Employment Statistics (OES) database (all in 2014 dollars). Starting salary data from NACE
should be interpreted with some caution as they are not comprehensive but are based on a survey
of only NACE member employers and a small sample of petroleum engineers. However, the
trends in starting salaries track trends in the salaries of all petroleum engineers, increasing
impressively over the last decade. From 2003 to 2013, petroleum engineer starting salaries
reported by NACE and petroleum engineer salaries reported in the OES both grew by over 35
percent. The ACS reports somewhat slower salary growth of 25 percent.

INSERT FIGURE 1

Employment growth between 2003 and 2013 was even more substantial than earnings
growth. Figure 2 presents petroleum engineer employment from the ACS and the OES, as well
as the number of foreign petroleum engineers working in the United States from the ACS. The
ACS reports petroleum engineer employment growth of 58 percent over this decade, and even
this impressive growth figure is far lower than the OES estimate of 200 percent growth.
(Divergences in these estimates are due to the fact that relatively small samples are used to
estimate national employment levels.)’ Nevertheless, the data sources consistently show
substantial growth from a workforce of around 20,000 to one of around 35,000 (recent surveys
from ACS and OES show similar estimates of work force sizes in 2013; the large differences in
the two surveys mentioned above are for earlier years). The increase in the number of foreign
(i.e., non-citizen) petroleum engineers in the ACS was somewhat slower than the growth in
number of all petroleum engineers (48 percent growth compared to 58 percent). In 2013,
estimates from the ACS suggest that 7,877, or 21 percent of all petroleum engineers working in
the United States were not citizens).

> In the ACS, only several hundred survey respondents report working as petroleum engineers each year.
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Rapid growth in the employment of petroleum engineers generally came by hiring
younger workers. Figure 3 shows the change in the age distribution of the workforce in 2003 and
the age distribution in 2013. While the modal age of petroleum engineers in 2003 was just under
50, by 2013 it was under 30. Although some of these new employees could have been pulled in
from other sectors of the economy, many are new graduates of petroleum engineering programs
and other engineering programs such as chemical engineering, which exhibited considerable
growth over this period.’

The changes in earnings and employment between 2003 and 2013 suggests a tremendous
responsiveness of employment to wages (an estimated elasticity of 2.4 from the ACS and 5.7
from the OES data’). Although petroleum engineering is a relatively small occupational group,
the data strongly suggest that the petroleum engineering labor market is highly responsive to
price signals.

INSERT FIGURES 2 & 3

In response to increasing median salaries, starting salaries, and other market signals the
number of new petroleum engineering bachelor’s degrees awarded by U.S. universities more
than quadrupled between 2003 and 2013. Most of the growth was concentrated between 2008
and 2011, at the same time that the strongest starting salary growth was occurring. During this
period petroleum engineering bachelor’s awards grew from 521 to 1,030. Texas A&M and
Colorado School of Mines more than tripled their output of new graduates from 42 to 128 and 32
to 100, respectively. As shown in Figure 4, the dramatic increase in petroleum engineering
bachelor’s degrees awarded followed the rise in starting salaries, which in turn reflected an
increase in industry demand. This would seem to be a clear textbook case of efficient and
responsive market functioning. It seems to show that normal market mechanisms, namely wage
increases, can dramatically and quickly increase supply.

INSERT FIGURE 4

Dependencies on Domestic or Foreign Student Supply

A key claim about the U.S. S&E workforce is that it is dependent on foreign students and
workers because it is not possible to find sufficient numbers of U.S. S&E workers. However,
when we examine the dramatic increase in petroleum engineering graduates we find,
interestingly, that although a significant source of supply for petroleum engineers historically has
been foreign students, the new demand accompanied by sharp increases in salaries resulted in

® A degree in mechanical or chemical engineering may also suffice for employment as petroleum engineer according
to the Occupational Outlook Handbook. BLS Occupational Outlook Handbook, 2014-2015.

" While these figures strongly indicate a responsive labor market, the exact point estimates should be interpreted
with considerable caution. Changes in employment and earnings over the course of ten years suggest that these are
relatively long-run elasticities, which are expected to be higher. They also pertain to a small workforce, for which
rapid growth is easier to accommodate. Finally, the elasticity estimates are clearly imprecise and vary considerably
across data sources.
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markedly increase numbers of domestic students (U.S. citizens and permanent residents)
responding to these market signals and graduating in petroleum engineering. In the initial stages
of increased hiring and large salary increases, in the middle of the first decade of the 21* century,
nearly the entire increase in graduates was composed of U.S. students (citizens and permanent
residents), and the share of foreign students declined. Toward the end of the decade, the number
and share of foreign students increased, but this was also a period when salary growth began to
slow and even plateau. As will be discussed below, some petroleum engineering department
chairs are now expressing concerns about an impending oversupply of new graduates.

In terms of understanding responsiveness of engineering labor markets, it is important to
note that it is not just the overall supply of petroleum engineering graduates from colleges that
appears to have been responsive to demand and wages, but it is the domestic supply in particular
that supplies the increased pool of graduates. As wages increased and job demand in the United
States increased, there has been a shift in the relative share of domestic students in the graduating
pool. The percentage of foreign petroleum engineering graduates in the United States on student
visas, the highest of any of the engineering fields at the bachelor’s degree level, declined from a
peak of 34 percent in 2005 to 24 percent in 2013 as the domestic supply increases (Error!
Reference source not found.5 & 6). At the bachelor’s degree level, the percent of total
graduates who are on student visas dropped to the lowest proportion of total graduates in almost
20 years in 2007, at the beginning of the rapid increase in bachelor’s awards. In the initial period
of sharp salary and hiring increases, the share of graduates on student visas dropped from slightly
more than half the proportion13 years earlier, and the increased demand was largely satisfied by
American students (foreign students accounted for 31 percent of the graduates in 1995 vs. 17
percent in 2008, as the increase came from U.S. students while the number of student visa
graduates held steady).

INSERT FIGURES 5 & 6
When demand for engineers drops

As was noted above, one reason for the higher salaries received by petroleum engineers is
the instability of job markets (The Princeton Review 2013). When oil prices drop it becomes
uneconomical to explore and exploit fields where production costs are high (such as deep water
offshore sites, or those requiring expensive new technologies).® As oil prices sharply declined in
2014 and early 2015 there were increasing reports of job cuts, either those that had already
occurred or those that were feared. In February 2015 Reuters stated that more than 100,000
layoffs worldwide had been reported in the oil industry. Halliburton had announced cuts of 8
percent of its global workforce and Schlumberger was planning to eliminate 7 percent of its
workforce (Kemp 2015).

Bloomberg (Shauk 2015) reported concerns of new petroleum engineering graduates
about their job prospects commenting, “Six months ago, a degree in petroleum engineering was a
ticket to a job with a six-figure salary. Now it’s looking like a path to the unemployment office.”
The director of undergraduate advising for Texas A&M’s Petroleum Engineering Department
indicated that student were expressing “definite concern” about the job market.

¥ The relationship is not entirely linear, because petroleum projects differ in the time required for completion.
Onshore projects such as exploration through first production can be relatively quick, while deep water offshore
projects can take years before first production.



DRAFT: Do not cite or quote without authors’ permission

In March 2015 we sent survey questions to the Chairs of 13 leading U.S. petroleum
engineering departments asking about their experiences in adjusting capacity to meet industry
demands for new petroleum engineering graduates. Three of the four chairs who responded
expressed concerns that U.S. universities had overbuilt their capacity, and needed to take
stronger actions to control growth so as to avoid a glut of new graduates. The fourth chair was
more sanguine, expressing confidence that the demand for petroleum engineers would continue
growing so that the increased capacity would be needed.

Despite the recent downturn, industry spokesmen have also continued to argue that large
numbers of petroleum engineers will be needed in the next few years. Not discussed, however,
was how programs and students should respond in the short term if there are not immediate
employment opportunities for current graduates.

Implications and Conclusions

The case presented here suggests that American universities and Americans students
were remarkably responsive to market signals when it came to addressing the need for new
graduates in petroleum engineering. But was the market responsive “enough”? Conceivably even
bigger increases than the doubling and tripling that occurred would have been desirable. Or
perhaps quality standards were dropped in an effort to meet the increased demand. While a
systematic analysis of these issues goes beyond the scope of this paper, the following “Industry
Alert” from the Society of Petroleum Engineers in 2010 is suggestive.

Environmental and remediation companies of all sizes have a real opportunity to take
steps in 2010 to address that shortage of engineering talent expected in the next decade,
especially in the United States and Europe.

Key factors that are creating this opportunity:

*An increase in the number of graduates in petroleum engineering programs is
creating the largest pool in 20 years of young engineers seeking entry into the oil and gas
industry.

*The global recession has caused experienced professionals to postpone
retirement, offering a window of opportunity to transfer their knowledge to these new
entrants.

*These students can contribute very quickly, and companies that act now can
begin developing new entrants into autonomous professionals with the complex decision-
making and ability required to exploit advanced technology.

*Scaling back on new graduate recruiting in 2010 could lead to a permanent loss
of this talent from the industry, and chill the interest of future engineering students in
pursuing careers in the oil and gas industry.

This strongly suggests that even in a peak demand year there was no serious shortage in
the availability of new petroleum engineering graduates and that, indeed, there was some
concern of future generations being turned away from the field if companies did not proactively
hire more new graduates than were immediately needed. The petroleum engineering department
chairs responding to our survey seem to confirm this impression.

The potential downside of large increases in the supply of engineers is suggested in a
guest editorial written by the current department chair and a former department chair of the
Petroleum Engineering Department at Texas A&M University. These authors note:

10
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Between fall 2011 and fall 2012, the number of freshmen in petroleum engineering
programs in the United States grew from 1,388 to 2,153, a 55 percent increase in one
year. The enrollment pressure we are experiencing at Texas A&M suggests that there will
be another increase in freshman enrollment in 2013. We are rapidly heading toward
having more than 2,000 bachelor of science degree petroleum engineering graduates per
year in the United States. So far, essentially all of our graduates have been receiving job
offers, but there is concern that the job market may not grow as fast as enrollment and
graduation rates.

These authors note similarities with an earlier ramping up of the number of petroleum
engineering students in the 1980s (though they say that if account is taken of the number of
students transferring into petroleum engineering in their sophomore and junior years, the
increases are even larger this time). They fear a potential collapse of the job market and suggest
that more universities should manage “the unbounded growth in enrollment that is currently
occurring.” They note that the two departments that have historically been the largest in the
United States, Texas A&M University and University of Texas at Austin, have indeed controlled
their growth, but complain that other departments have not, and have passed the two Texas
schools in size of enrollments.

So might there still somehow be an impending crisis demanding special measures to
increase the number of graduating engineers in petroleum engineering? Employers continue to
voice alarm, but some suggest that in the past such warnings were overstated. Rigzone, a
Website that posts job notices in the petroleum industry, for example, said in a 2011 article that
the “great crew change” is indeed a problem, but comments, “Much like the old story about the
boy who cried ‘wolf” so many times that nobody would listen when the wolf finally was at the
door, statistics confirm that the post-World War II ‘baby boom’ generation is at the retirement
door” (Saunders 2011).

What then, does the case of petroleum engineers suggest about other fields of
engineering? First, in petroleum engineering there seemed to be no serious difficulty in getting
qualified students once students had the strong incentive of high salaries to enter this field of
engineering. Was this because qualified students were drawn from other fields leaving them
short of qualified students? While it is difficult to totally dismiss this possibility, we have seen
no sign of it in the literature or in discussions with people in the field. The four chairs of leading
petroleum engineering departments who responded to an e-mail survey sent out in March 2015
indicated that they have experienced no difficulty in recruiting students. While the department
chairs complained of having some difficulties in recruiting as many qualified faculty as they
might have liked (this need was met by hiring more practitioners with industry experience), they
were able to meet the increases in demand for qualified students, with no lowering of standards.
U.S. universities seem to have been remarkably flexible. Third, and perhaps most importantly, it
is not clear that nonmarket signals such as projections of demand by experts (U.S. Department of
Labor) or industry spokespeople (who may, after all, have a vested interest in talking up
prospects for demand), have done any better in their predictions than the market.

In the case of petroleum engineering we saw no signs of problems caused by weaknesses
in the U.S. K-12 education system or the motivation of young people to undertake careers in
engineering. It seemed, as well, that the U.S. was reasonably able to meet its needs for S&E
workers though domestic student supply. It is important to note that this analysis of the
responsiveness of student supply to market signals does not address issues such as diversity and
addressing the underrepresentation of groups such as women and some minorities. Research
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suggests that, in the area of diversity, the market is not effective and thus a need may exist for
programs that increase the interest of minorities and women in STEM careers, and their access to
these STEM education. Nor do we advocate the exclusion of talented foreign STEM workers
from the U.S. economy. The findings of this analysis, however, suggest that when it comes to
providing an appropriate number of engineers in the U.S., there is not much evidence of a market
failure.
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Figure 1. Mean real petroleum engineer salaries and starting salaries, 2003-2013
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Figure 2. Petroleum engineer employment, 2003-2013
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Figure 3. Petroleum engineer age distribution, 2003 and 2013
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Figure 4. Bachelor’s Degrees Awarded in Petroleum Engineering, 1995-2013
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Figure 5. Temporary Visa Share of Degrees Awarded in Petroleum Engineering, 1995-2013
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Figure 6. Petroleum Engineering Degree Awards by Temporary Visa Status, 1995-2013
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