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of Engineering 
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Poor engineering decisions can 
have disastrous results. How are 
engineering decisions made? And, 
most importantly, just what 
constitutes a sound decision? 

P. AARNE VESILIND 

E NGINEERING failures often become 
front page news. Bridges are not 
supposed to collapse. Space vehicles 

are not supposed to explode. Waste treatment 
plants are not supposed _to aggravate the 
problem of waste disposal. Power plants are 
not supposed to fail. Such failures are remark
ably rare, a fact that makes the occasional 
failure front page news. In most cases, failures 
occur because somewhere someone made an 
unfortunate decision and decision-making is, 
of course, an integral part of engineering 
practice. 

Any engineering project of whatever 
scope encompasses within its implementation 
a series of decisions made by engineers. On 
occasions, some of these decisions turn out to 
be poorly made. However, a far greater 

number of decisions - made hundreds of 
times a day by hundreds of thousands of 
engineers - are correct and enhance the 
integrity of the profession. Since so few 
decisions lead · to unfortunate or catastrophic 
results, the reaching of engineering decisions 
is a little known or discussed process. 

There are various methods of determining 
engineering decisions, ranging from objective 
and quantifiable analyses to subjective and 
qualitative analyses. A review of these 
methods of reaching decisions is instrumental 
in understanding how decisions are made, 
how they might go "wrong," and as a means 
for engendering further discussion. 

Technical Analysis 
Little need be said about technical decisions, 
except perhaps to point out what most prac
ticing engineers already know quite well, 
namely that there seldom is "one best way" 
to design anything. If there were a best way, 
then technical paralysis would set in -
engineering would be stagnant, and innova
tion would cease. Just as we recognize that 
there is no single perfect work of art such as a 
painting, there is no perfect bridge. If there 
were a perfect bridge or painting, all bridges 
and all paintings would look alike.1 

A fundamental part of professional train-

CIVIL ENGINEERING PRACTICE SPRING 1987 7 



ing may inculcate this approach to reaching 
decisions. Undergraduate engineering 
students are taught for several years that each 
homework assignment and test question has 
a single "right" answer, and that all other 
answers are "wrong." They must learn that in 
engineering practice, a problem may have 
many equally correct technical solutions based 
on differing technical decisions. A bridge may 
be constructed of wood, steel, aluminum, or 
from many other materials. As long as correct 
engineering design procedures are followed, 
such a bridge would carry the design load, 
and thus would be technically correct. 

One characteristic of technical decisions 
is that they can be checked by other engi
neers. Before a design drawing leaves an office, 
it is checked and re-checked to make sure 
that the technical decisions are correct; i.e., the 
structure/machine/process will function as 
desired if it is built according to the design 
specifications. Technical decisions thus are 
clearly quantifiable and can be evaluated and 
checked by other competent professional 
engineers. 

However, the pressures of modern prac
tice dictate that not only must the engineer
ing decisions be efficient (minimum energy or 
materials or time) but also economical (min
imum cost). While technical calculations can 
answer the former, the latter requires a 
different form of engineering decision-making 
- cost-effectiveness analysis. 

Cost-Effectiveness Analysis 
Engineers often find themselves working for 
an employer or client who requires that 
various alternatives for solving an engineering 
problem be analyzed on the basis of cost. For 
example, if a municipality is constructing a 
water main to bring drinking water into the 
community, the size of that main must be 
determined by the engineer. This decision is 
based on a cost comparison between a large 
(expensive) pipe and low pumping costs or a 
smaller (less expensive) pipe and higher 
pumping costs. The lowest total cost alterna
tive would be the most rational decision for 
the municipality. 

Such decisions are based on a cost-effec
tiveness analysis. But suppose several alter-
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native courses of action also have different 
benefits to the client? Is it not possible to 
incorporate these benefits in the cost-effective
ness analysis in order to be sure that the most 
effective use is made of scarce resources? 

Benefit/~ost Analysis 
In the 1940s, the Bureau of Reclamation and 
the U.S. Army Corps of Engineers battled for 
public dollars in their program to expand the 
use of dams in America. In order to convince 
Congress of the need for major water storage 
projects, a technique called benefit/cost analysis 
was developed. At face value, this technique 
is both useful and uncomplicated. If a project 
is contemplated, an estimate of the project's 
derived benefits is compared in ratio form to 
its cost. Should this ratio be greater than 1.0, 
the project is clearly worthwhile. This tech
nique also provides a means 'to rank a project, 
since the project with the highest benefit/cost 
ratio should be constructed first because 
it will provide the greatest return on the 
investment. By submitting their projects to 
such an analysis, the Bureau and the Corps 
could argue for increased expenditure of 
public funds, and could rank the proposed 
projects in order of priority. 

As in the case of cost-effectiveness 
analysis, the calculations in benefit/cost 
analyses are in terms of dollars - each benefit 
and each cost are expressed in monetary 
terms. For example, the benefits of a canal 
would be calculated as monetary savings in 
transportation costs. However, some benefits 
such as clean air, flowers, white-water canoe
ing cannot be easily expressed in monetary 
terms. Yet, these benefits are very real and 
should somehow be included in benefit/cost 
analyses. 

The solution is simply to force monetary 
values on these benefits. For example, in 
estimating the benefits for man-made lakes, 
recreational benefits are calculated on the basis 
of what people would be willing to pay for 
such a facility. There are, of course, many 
difficulties in determining monetary values 
for benefits that do not have an intrinsic 
monetary value. The value of a dollar varies 
substantially from person to person, and some 
persons benefit a great deal more than others, 



yet all may share in the cost. Because of the 
problems involved in estimating such benefits, 
recreational benefits can be bloated in order 
to make the benefit/cost ratio appear as favor
able as possible. It is thus possible to justify 
almost any project as long as the benefits can 
be adjusted as needed. 

In addition there may be "reverse" 
benefits, or disadvantages to a project. Such 
disadvantages may range from the aesthetic 
to results that may have ill effects on human 
health - the loss of a trout-fishing stream to 
foul odors, littered streets or polluted ground
water. 

Often the benefits of a proposed project 
are not such simple items as recreational 

. values, but the more serious concern of human 
health. When life and health enters such 
benefit/cost calculations, the analyses are 
generally referred to as risk/benefit/cost 
analyses to indicate that people are at risk. In 
the past few years, these analyses have 
become more widely known simply as risk 
analyses. 

Risk Analysis 
It is clearly the responsibility of government 
to protect the lives of its citizens against 
foreign invasion or criminal assault. It also 
then follows that it is equally a responsibility 
of government to protect the health and lives 
of its citizens from potential dangers such as 
falling bridges, toxic air pollutants and con
taminated groundwater. However, govern
ments from the federal to local levels work 
within limited budgets. In addition, limited 
budgets must be distributed among the full 
range of governmental responsibilities so as 
to achieve the greatest common good. 

However, is this distribution what is really 
desired? And, concomitantly, can a satisfactory 
distribution be achieved? Suppose, for 
example, it is cost effective to spend more 
money and resources in order to make coal 
mines safer than it is to conduct heroic rescue 
missions if accidents occur. It might be more 
"risk-effective" to put the money into mine 
safety, eliminate all rescue squads, and simply 
accept the few accidents that will inevitably 
occur. In this case, trapped miners would 
then be left on their own since there would 

be no rescue teams. However, the net effect of 
this course of action would be that more 
miners' lives would be saved overall via 
preventing more accidents. 

Douglas MacLean argues that this conclu
sion is unacceptable since human life 
possesses a sacred or priceless value.2 He does 
not mean that infinite resources have to be 
directed at saving lives, but rather that one of 
the sacred rituals of our society is the attempt 
to save people in acute or critical need, such 
as crash victims, trapped coal miners, etc. 
Thus, purely rational calculations might not 
lead us to conclusions that we find acceptable. 

Some federal and state agencies use risk 
analysis in projects where the benefit is a life 
saved. For example, if a certain new type of 
highway guard rail is to be installed, it might 
be possible that its use would reduce the 
expected highway fatalities by some number. 
If a value is placed on each life, the total 
benefit can be calculated as the number of 
lives saved times the value of life. For example, 
the National Highway Traffic Safety Commis
sion values a human life at $64,000. Coming 
up with such a number is an undeniably 
tricky business, but once done engineering 
decisions on highway safety can be systemati
cally made. 

Risk assessment is also useful as a tool in 
environmental management, where the im
position of controls would be used as a means 
of responding to various risks. Unfortunately, 
such calculations are fraught with great 
uncertainty. For example, the National 
Academy of Sciences report on saccharin 
concludes that over the next 70 years the 
expected number of cases of human bladder 
cancer resulting from daily exposure to 120 
mg of saccharin might range from 1 per 0.22 
to 1 per 1,444,000 people.3 That is quite an 
impressive range, even for toxicologists. The 
problem is that we have to extrapolate data 
over many orders of magnitude, and often the 
data are not for humans but for other species, 
thus requiring a species conversion. Yet, the 
governmental agencies are increasingly placed 
in positions of having to make decisions based 
on such spurious data. 

Environmental risk analysis, or risk 
assessment as some prefer to call it, takes 
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place in seven steps:4 

1. Define the source and type of pollut
ant of concern. 

2. Identify the pathways and rates of 
exposure. 

3. Identify the receptors of concern. 
4. Determine the potential health impact 

of the pollutant on the receptor; i.e., define 
the dose/response relationship. 
5. Decide what impact is acceptable. 
6. Calculate the maximum allowable emis

sion. 
7. Determine what technology is necessary 

in order to attain the maximum allowable 
emission. 

Wastewater treatment plant sludge 
disposal is one continuing and pressing 
problem often faced by civil engineers. There 
are only a limited number of methods avail
able to communities for the ultimate disposal 
of wastewater sludges, including ocean 
disposal, give-away programs, disposal into 
landfills, and disposal on land, either agricul
tural or non-agricultural. In addition, incinera
tion is being discussed presently by the Office 
of Water at the Environmental Protection 
Agency as a disposal option. Incineration as a 
method of sludge treatment results in a 
residue (the ash) requiring ultimate disposal 
itself. It is no different from any other unit 
operation used in wastewater treatment, such 
as anaerobic digestion, composting, or even 
screening. Nevertheless, incineration is 
presently being studied as a disposal option. 

Using sludge incineration as an example 
of risk analysis, the first step is to identify the 
types of pollutants. Clearly, every chemical in 
sludge is a potential problem, and thus a 
screening procedure is needed that identifies 
certain potential problem chemicals such as 
cadmium, chromium, and various aromatic 
hydrocarbons. Next, the pathways and rates 
of transmission must be determined. The most 
likely pathway would be the emissions 
impacting people living in the vicinity of the 
incinerator, and their inhalation of polluted 
air. The usual case is to assume a person 
weighing 70 kg who lives directly downwind 
from the incinerator for 70 years and never 

10 CIVIL ENGINEERING PRACTICE SPRING 1987 

leaves to get a breath of fresh air. The expected 
concentrations can be estimated by using 
various Gaussian dispersion models developed 
by EPA. For each of the pollutants, the dose/ 
response curve must be determined for that 
unfortunate individual. In some cases, these 
curves are fairly well established; in others 
they are broad estimates based on animal 
studies and meager environmental data, 
extrapolated many orders of magnitude. 
Toxicologists recognize two general types of 
dose/response curves: curves with threshold, 
and curves without a threshold. Given these 
curves, the acceptable impact is determined. 

Next, a decision must be made as to what 
impact is acceptable. If it is determined that 
the chemical in question has a toxic threshold, 
the reference air concentration (RAC), or that 
concentration at which the individual at risk 
receives an acceptable dose of that chemical, 
is calculated as: 

RAC= [(RfDi*BW)-TBI]l[la*REJ 

where: 

RAC= reference air concentration, 
mg/cubic meter, or (acceptable 
pollutant intake per day, mg/day)/ 
(air inhalation rate, cubic meters/ 
d.ay) 

RfDi = reference dose for inhalation (mg/kg 
body weight/day) or that dose 
which is estimated to be without 
effect to sensitive people over a 
lifetime 

BW = body weight, kg, taken as 70kg 

TBI = total background intake rate from 
all other sources mg/day 

Ia= air inhalation rate, cubic meters/day, 
taken as 20 cubic meters/day 

RE = relative effectiveness of the inhala
tion exposure when compared to all 
other types of exposures, unitless 

Most of these terms can be quantified 



with a fair degree of accuracy, at least within 
one order of magnitude. The one exception is 
the reference dose for inhalation, which must 
be estimated from either laboratory animal 
data or epidemiological information. 

The second type of exposure calculation 
assumes that there is no such thing as a 
reference dose for inhalation, but rather that 
any intake of the pollutant of concern can 
produce a health effect, however small. The 
most common chemicals in this group are the 
carcinogens. The reference air concentrations 
that might be considered acceptable for these 
pollutants is calculated as: 

RAC= [ ((RL *BW)/q)-TBI]l[Ia*REJ 

where: 

RAC= reference air concentration, 
mg/cubic meter 

RL = risk level, unitless, calculated as the 
number that corresponds to the risk 
of a single individual over a lifetime 
of exposure. For example, if RL=10·6, 

then the risk is to one person out of 
a million people. 

BW = body weight, kg, taken as 70kg 

q = human disease potency of the chem
ical, (mg/kg body weight/day)E-1, or 
the slope of the dose response curve 

TBI = total background intake, mg/day 

Ia= air inhalation rate, cubic meters/day 

RE = relative effectiveness of inhalation 
exposure, unitless 

The key parameter here is the risk level. 
Is a risk of one in a million acceptable? Based 
on these calculations, the maximum allowable 
pollutant loading is determined, and the 
necessary control strategies are identified. 

In the case of all these risk analyses, the 
benefits are to humans only, and they are 
short-term benefits. Likewise, the costs deter
mined in the cost-effectiveness analysis are 

real budgetary costs -:- money that comes 
directly out of the pocket of the agency. Costs 
related to environmental degradation, and 
long- term costs that are very difficult to 
quantify, are not included in these calcula
tions. The fact that long-term and environ
mental costs can nowhere be readily con
sidered in these analyses, coupled with the 
blatant abuse of the benefit/cost analysis by 
several agencies, makes it necessary to bring 
into action another decision-making tool -
environmental impact analysis. 

Environmental Impact Analysis 
On January 1, 1970, President Nixon signed 
into law the National Environmental Policy 
Act (NEPA) that was intended to " ... 
encourage productive and enjoyable harmony 
between man and his environment." As with 
other imaginative and ground-breaking legi
slation, the law contained many provisions 
that were difficult to implement in practice. 
Nevertheless, it provided a model for 
environmental legislation that was soon 
adopted by most countries in the western 
world. 

NEPA set up the Council for Environ
mental Quality (CEQ) which was to be a 
watchdog on federal activities as they 
impacted the environment, and the CEQ was 
to report directly to the President. The vehicle 
by which the CEQ would monitor significant 
federal activity impacting the environment 
was to be a report, called the Environmental 
Impact Statement (EIS). This lightly regarded 
provision in NEPA, tucked away in Section 
102, stipulates that an EIS is to be written first 
in draft form by the federal agency in 
question for each project that might signi
ficantly impact the environment. The EIS is 
then to be submitted for public comment, and 
finally it would be rewritten taking into 
account public sentiment and comments from 
other governmental agencies. When complete, 
the EIS is to be submitted to the CEQ which 
then makes recommendations to the Presi
dent as to the wisdom of undertaking that 
particular project. 

The impact of Section 102 of NEPA on 
federal agencies was traumatic, since they 
were not geared up in manpower or in 
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training to draft these statements. Nor were 
they psychologically able to accept this new 
mandate which they viewed as a restriction 
on their activities. Thus, the first few years of 
the EIS were tumultuous, with many environ
mental impact statements being judged for 
adequacy in courts of law. Conflict arises 
when the cost-effective alternative, or the one 
with the highest benefit/cost ratio also results 
in the greatest adverse environmental impact. 
Decisions have to be made, and quite often 
the benefit/cost analysis wins out over the 
environmental impact analysis. Nevertheless, 
it is significant that since 1970 the effect of a 
project on the environment must be con
sidered, whereas before 1970 these concerns 
were never acknowledged, much less included 
in the decision-making machinery. The legi
slation's intent is that if the adverse environ
mental impact is indeed very high, the CEQ 
will recommend to the President to cancel the 
project, regardless of what the benefit/cost 
ratio is. 

In practice, the agencies tend to conduct 
internal environmental impact studies and 
propose only those projects that have both a 
high benefit-to-cost ratio and a low adverse 
environmental impact. Most environmental 
impact statements are thus written as a 
justification for an alternative that has already 
been selected by the agency as the one it 
wishes to undertake. 

But even when the EIS is as complete as 
possible, and the data have been gathered 
and evaluated as carefully as possible, con
clusions concerning the use of the analysis are 
open to severe differences. For example, the 
EIS written for the Alaska oil pipeline re
presents 14 feet of work when all the volumes 
are placed in a single pile. After the com
pletion of all that effort, good people on both 
sides drew diametrically opposite conclusions 
on the effect of the pipeline. The trouble was 
that they were arguing over the wrong thing.5 

They were arguing about how many caribou 
would be affected by the construction of the 
pipeline, while their disagreement was 
actually how deeply they cared that the 
caribou were affected by the pipeline. For a 
person who does not care about the caribou, 
the impact is zero; while those who are 
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concerned about the herds, and the long
range effects on the sensitive tundra ecology, 
care very much. What then is the solution? 
How can engineering decisions be made in 
the face of conflicting values? Such decisions 
require another type of engineering decision
making - ethical analysis. 

Ethical Analysis 
Before embarking on a discussion of ethical 
analysis, it is necessary to define quite clearly 
what is meant by ethics. The popular opinion 
is that an ethical person, for example, is a 
"good" person, a person with high moral 
standards. However, this definition reflects a 
misconception of ethics. 

Ethics, in fact, represents a systematized 
framework for making decisions where values 
conflict. The selection of the nature and 
function of that decision-making machinery 
depends on one's own moral values. Both the 
cost-effectiveness analysis and the benefit/cost 
analysis are methods · for making decisions 
based primarily on money. Risk analysis 
calculates the potential damage to health, and 
environmental impact analysis provides a 
means for decision-making based on long
term effects on resources. Similarly, ethics is a 
framework for decision-making, but the para
meters of interest are not dollars or environ
mental data, but values. 

It then follows that since ethics is a 
system of decision-making, an ethical person 
is one who makes decisions based on some 
ethical system. For example, if one chooses to 
observe a system of ethics that maximized 
personal pleasure (i.e., hedonism), it would be 
correct (ethical) for him/her to make all 
decisions so that personal pleasure would be 
maximized. One would, in that case, push old 
ladies off benches so one could sit down, or 
cheat on tests because this decreases one's 
required homework time and maximizes 
grades. Provided one adopts hedonism as the 
accepted mode of behavior, as one's ethic, 
one would be acting ethically in these cases. 

There are, of course, many other systems 
of ethics that result in actions that most 
civilized people consider more acceptable 
norms of social behavior. Some of these 
ethical theories are suited for application in 



arriving at engineering decisions that involve 
conflicts in values. 

Some Major Systems of Ethics 
Western ethical thinking has developed along 
two major lines: 

• consequentialist ethics 
• deontological ethics 

In consequentialist ethics, an act is judged on 
the basis of its consequences. If the desire is 
to maximize good, then the act that creates 
the greatest good is correct. The most influ
ential consequentialist ethical theory is 
utilitarianism, in which all actions are judged 
on the basis of the total happiness achieved. 
The so-called utilitarian calculus allows for the 
calculation of happiness for all alternatives 
being considered. Choosing the alternative 
that produces the highest level of happiness 
defines an ethical act. Since the happiness of 
all human beings involved is summed, such 
calculations often dictate a decision where the 
moderate happiness of many results in the 
extreme unhappiness of a few. Benefit/cost 
analysis can be considered to be utilitarian in 
its origins since money is presumed to equate 
with happiness. 

The supporters of consequentialist 
theories argue that these are the proper rules 
for human conduct since they promote 
human welfare - that to act simply on the 
basis of some set of rules without reference to 
the consequences of these actions is irrational. 
Agreeing with Aristotle, utilitarians argue that 
happiness is always chosen for its own sake, 
and thus must be the basic good that we all 
seek. Since utilitarian calculus provides for 
that calculation, it is viewed as the proper tool 
for decision-making where conflicting values 
are involved. 

The second group of ethical theories, the 
deontological theories, emphasize the act and 
not its consequence. Supporters of these 
theories hold that acts must be judged as 
good or bad, right or wrong, in themselves, 
regardless of the consequences of these acts. 
An early system of deontological rules is the 
Ten Commandments. Possibly the best 
known deontological system is that of 

Immanuel Kant (1724-1804) who suggested 
the idea of the categorical imperative - the 
concept that one develops a set of rules and 
always follows these rules. Only then can that 
person be acting ethically, since it is the act 
that matters. 

Supporters of deontological theories 
argue that consequentialist theories permit 
and often encourage the suffering of a few for 
the benefit of the many, and that this is 
clearly an injustice. For example, they assert 
that consequentialist theories would welcome 
the sacrifice of an innocent person if his death 
were to prevent the death of others. In 
contrast, Kantians argue that if killing is 
wrong, then the mere act of allowing one 
innocent person to die is wrong and immoral. 

The utilitarians counter by arguing that 
often a "good act" results in net harm. A 
trivial example would be the question from 
your roommate/spouse/friend: "How do you 
like my new hairdo/shirt/tie/etc?" Even if you 
honestly think it is atrocious, the "good act" 
would be to tell the truth since one is never 
supposed to lie. Would a white lie not result 
in the greater good, ask the utilitarians? The 
deontologists respond that it is wrong to lie 
even though it might hurt short-term feelings, 
since telling the truth may create a trust that 
would hold fast in times of true need. 

An interesting and useful extension of 
Kantian ethics is the principle of universaliz
ability - a simple test for the rationality of a 
moral principle. In short, this principle holds 
that if an act is acceptable for one person, it 
must be equally acceptable for others. For 
example, if one considers lying acceptable 
behavior for himself or herself, everyone 
should be allowed to, and is in fact expected 
to lie. Similarly, if one person decides that 
cheating on an exam is acceptable, then 
he/she agrees, by the principle of universaliz
ability, that it is perfectly acceptable for 
everyone else to cheat also, a clearly irrational 
situation. 

The idea of universalizability is closely 
linked to the well-known "golden rule" 
principle that appears in almost all ancient 
religious writings, usually in its reverse form: 
"Do not do unto others that which you would 
not wish for them to do to you." This 
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philosophy is sometimes known as situation 
ethics, where the decision is not based strictly 
on the goodness of the act or its con
sequences, but on your love and caring for 
others. Clearly, this philosophy no longer 
obeys the strict deontological principle, since 
rules can be broken, but neither is it a 
consequentialist theory since the act is still of 
paramount importance. 

A second theory that straddles the two 
extreme ethical principles, and introduces a 
new element into the question, is existentialism. 
Along with situation ethics, existentialism 
recognizes the uniqueness of each situation, 
but imposes a moral responsibility on the 
individual to make the moral choices within 
an otherwise meaningless universe. Existen
tialists believe that moral judgment and 
ethical responsibility are the responsibility of 
each individual, since there are no universal 
rights or wrongs, and it is cowardly to accept 
contrived ethical theories as tools for decision
making. On the surface, existentialism clashes 
with universalizability, but this conflict is not 
strictly valid. We do not have to deny our 
own humanity in order to accept equal 
treatment from our fellow humans. 

There are many more systems of ethics 
that could be discussed, and that have 
relevance to the environmental engineering 
profession, but it should be clear that tradi
tional ethical thinking represents a valuable 
source of insight in one's personal search for 
his/her own professional ethics. 

All of the ethical systems considered 
above have been developed for assisting 
human beings to live with one another. The 
moral community, or those individuals with 
whom we would need to act ethically, as 
treated by the philosophies mentioned above 
includes only humans. But we obviously are 
not the only inhabitants on earth. Should the 
moral community be extended to include 
other animals, plants, inanimate objects such 
as rocks, mountains, and even places? If so, 
should we also extend the moral community 
to our progeny who are destined to live in the 
environment we create? 

Such questions are being debated and 
argued in a continuing search for what has 
become known as environmental ethics - a 
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framework that will allow us to make 
decisions within our environment, decisions 
that will concern not only ourselves but the 
rest of the world and future generations as 
well. 

This development in ethical thinking is 
perhaps as revolutionary as the recognition 
only a century ago that slaves are also 
humans and must be included in the moral 
community. Aristotle, for example, did not 
apply ethics to slaves since they were not, in 
his opinion, intellectual equals. We now 
recognize that his was a hollow argument, 
and today slavery is considered morally 
repugnant. It seems likely that in the not too 
distant future, the moral community will 
include the remainder of nature as well and 
we will include nature in our ethical decision
making machinery. 

This revolutionary concept was initially 
publicized not by a philosopher, but by a 
forester. Aldo Leopold (1887-1948) defined the 
environmental ethic, or as he called it, the 
land ethic, as an ethic that " ... simply enlarges 
the boundaries of the community to include 
soils, waters, plants and animals, or collectively 
the land."6 He recognized that both our 
religious as well as secular training had created 
the view that humans and the rest of nature 
were in conflict. Our traditional view is one 
where nature has to be subdued and con
quered, and that nature is something powerful 
and dangerous against which we have to 
continually fight. He posited that a rational 
view of nature would lead us to an environ
mental ethic that would " ... change the role of 
Homo Sapiens from conqueror of the land 
community to plain member and citizen of 
it." He went so far as to propose a definition 
for the environmental ethic, thus providing a 
basis for decision-making by suggesting that 
" ... a thing is right when it tends to preserve 
the integrity, stability, and beauty of the biotic 
community. It is wrong when it tends other
wise." 

Leopold was, in fact, questioning the age
old belief that humans are special, that 
somehow we are not a part of nature, but 
pitted against nature in a constant combat for 
survival, and that we have a God-given role 
of dominating nature, as specified in Genesis. 



Much as later philosophers, and people in 
general, began to see slavery as an untenable 
institution and recognized that slaves be
longed within our moral community, suc
ceeding generations may recognize that the 
rest of nature is equally important in the 
sense of having rights. This idea is tied to the 
notion of the intrinsic value of nature, the 
concept that all of nature has value other than 
its instrumental value, which can be measured 
in dollars and/or the support nature provides 
for our survival (e.g., the production of oxygen 
by green plants). If nature is indeed perceived 
as having values that cannot be measured in 
dollars, then the use and abuse of natural 
environments becomes a "cost" that can be 
measured only in terms of moral values. In 
this case, decisions are based on ethics 
grounded in the search for the greatest 
universal good. 

Conclusions 
The methods of decision-making available to 
engineers stretch from the most objective 
(technical) to the most subjective (ethical). 
Over this range, decisions become increasingly 
less quantitative and more subject to the 
personal tastes, prejudices and concerns of 
the decision-maker. A legitimate question 
would be at what point do these decisions 
cease being true engineering decisions? 

Not a few prominent engineers have 
argued eloquently that the only true engi
neering decisions are technical decisions, and 
the other concerns should be left to some 
undefined decision-maker for whom the 
engineer works and who presumably has the 
training and background for making these 
decisions of which the engineer is not capable. 
Such a view would free the engineer of all 
judgment (other than technical) and make 
him/her a virtual smart robot, working at the 
behest of the client/employer. The social 
consequences of how his/her actions affect 
society at large is of little interest as long as 
the client/employer is well served. In effect, 
under this viewpoint the engineer works in 
vacuo, with decisions delegated elsewhere. 
Problems occur when the delegation is unclear 
or misunderstood, or where those who have 
delegated authority to make decisions lack 

sufficient technical expertise to evaluate data. 
Fortunately, most engineers will not 

accept such avoidance of responsibility. They 
recognize that engineering, perhaps more 
than the other professions, can make a 
difference.7 Projects involving environmental 
change or manipulation will invariably need 
the services of the professional engineer. 
He/she is thus morally obligated, as perhaps 
the one indispensable cog in the wheel of 
progress, to seek the best technical, eco
nomical and ethical solutions. This task is a 
responsibility from which the engineering 
profession dare not shirk. In the words of 
Jerome B. Wiesner, former president of M.I.T., 
writing for the National Academy of Engi
neering:8 

"The societal consequences of tech
nology should be integral to the engineer's 
intuitive powers - as integral as calculus, 
computer programs, strength of materials, 
and the many other things that are part of 
the engineer's tool kit." 

Wiesner alludes to a continuity of decision
making. In fact, it should be apparent that all 
the decision-making methods discussed above 
fall into a continuum, and all are legitimate 
engineering tools. The engineer can certainly 
design the beam to hold the desired load, but 
the engineer should also ask if it is right that 
this beam be there in the first place. Even 
though this is a difficult question to answer, it 
is nevertheless a legitimate engineering 
decision. 
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