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Foundations of Ethical Infrastructure Stewardship

What Infrastructure Stewardship Means

A steward is entrusted with the care of something that belongs to others. Applied to public
infrastructure, the idea is straightforward but demanding. Roads, treatment plants, dams, and
public buildings are the visible products of engineering work, yet stewardship asks engineers to
see past the finished object to the obligation it represents. These assets routinely outlive the careers
of the people who design and build them. A bridge may carry traffic for seventy-five years, water
distribution networks may run for a century, and flood-control structures may shape public safety
for generations. Therefore, the choices made during planning, design, construction, and
maintenance reach far beyond the schedules and budgets that dominate any single project.

This long horizon is what gives stewardship its ethical weight. A design that trims initial
construction cost can saddle an agency with decades of higher maintenance, or a deferred
inspection can let a manageable defect grow into a safety risk. Because the consequences arrive
years after the decision, they are easy to discount at the moment when choices are made.
Stewardship requires engineers to recognize these future consequences and incorporate them into
present decision-making, and the discipline of refusing to discount them.
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Public Welfare as the Governing Obligation

Engineering ethics rests on a single primary duty: to hold paramount the safety, health, and welfare
of the public (NSPE, 2019, Fundamental Canon 1). Infrastructure stewardship is a direct
expression of that duty, because public systems exist precisely so that society can rely on them
without inspecting them. For example, drivers do not evaluate a bridge before crossing it, and
occupants do not test a building’s structure before entering. This trust in the infrastructure is
reasonable only because engineers and asset managers are assumed to be actively managing the
systems behind it.

Much of the risk in public infrastructure develops gradually over time. Corrosion, fatigue,
foundation movement, and the slow decline of aging electrical and mechanical systems advance
over years. Organizational attention drifts toward more immediate priorities because nothing
appears to be wrong. Engineers occupy the one role equipped to recognize a developing problem
and explain its significance before it becomes visible. Meeting the public-welfare obligation often
means advocating for an inspection, a repair, or an operational change that is neither convenient
nor popular.

Ownership Is Not the Same as Stewardship

One distinction underlies almost everything that follows: ownership and stewardship are different
things. Ownership is a legal status that carries rights and authority over an asset. Stewardship is an
ethical obligation to protect the asset’s intended public function, and it does not depend on holding
title. A consulting engineer who identifies section loss in an aging bridge girder cannot authorize
the repair as that authority rests with the agency or owner. However, the engineer retains a clear
obligation to document the finding accurately, communicate the risk, and press for appropriate
action.

The distinction matters because public infrastructure is delivered by multiple parties. A single
project may involve a government agency, one or more consultants, contractors, operators,
regulators, and maintenance crews, each influencing outcomes without holding ownership
authority. Contractual compliance discharges a legal duty. It does not, by itself, discharge the
stewardship duty, which turns on the engineer’s knowledge and influence rather than on the
contract’s scope. Where a field condition departs from a design assumption, or an operator notices
performance drifting, stewardship asks that the concern be raised within the person’s professional
reach rather than left for someone else to catch.
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The Basis in the Codes of Ethics

Stewardship follows from obligations the engineering profession already recognizes. The NSPE
code places the safety, health, and welfare of the public first among an engineer’s duties and directs
engineers to act for each employer or client as faithful agents while keeping that public obligation
paramount (NSPE, 2019). The ASCE code makes the long-horizon dimension explicit by directing
engineers to consider sustainability and the needs of future generations in their work (ASCE,
2017). Read together, these provisions describe stewardship: protect the public, serve clients
honestly, and weigh the long-term consequences of present decisions.

There are two implications to this. First, an engineer who identifies a genuine public-safety
concern cannot discharge the obligation by noting it privately and moving on; the codes require
communicating such concerns to those who can act, and escalating when necessary. Second, the
duty to consider future generations means that decisions which merely satisfy present requirements
may still fall short of the ethical standard if they impose avoidable burdens on the communities
that inherit the asset. These are demanding standards in practice and reflect a broader
understanding of engineering responsibility.

Lifecycle Thinking and Professional Judgment

Stewardship cannot be confined to one stage of a project. Planning decisions constrain design,
design decisions shape construction quality, construction practice governs operational
performance, maintenance determines service life, and renewal strategy decides long-term
sustainability. Deterioration almost never traces to a single event; it accumulates through many
decisions made over many years. Engineers who understand these links are better able to catch
risk before they lead to infrastructure failure.

Acting on this depends on engineering judgment. Infrastructure operates under uncertainty, with
competing objectives and limited resources, and technical standards cannot resolve every case. An
agency may hold hundreds of assets needing attention with only funding for a fraction. Deciding
which actions deliver the greatest protection to public safety is a professional judgment that must
remain evidence-based and resistant to politics, convenience, and external pressure. The chapters
that follow trace that judgment through the lifecycle, beginning with how stewardship obligations
shift from planning through renewal.
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Professional Responsibility Throughout the Infrastructure Lifecycle

Engineers enter infrastructure work at different points. Some run feasibility studies, while others
design, build, operate, maintain, or manage. The technical tasks differ, but the underlying
obligation does not. A decision made in any phase can shape how an asset performs for decades.
Table 1 below maps the obligation that dominates each phase against the failure mode that tends
to follow when it is neglected.

Table 1: Stewardship obligations and characteristic failure modes across the infrastructure

lifecycle.
Lifecycle phase Primary stewardship obligation Common failure mode when
neglected

Planning Provide objective scope, capacity, and Optimistic projections adopted to
service-life input; surface uncertainty win approval or funding
honestly

Design Balance safety, reliability, and Initial-cost economies that create
maintainability; document assumptions and = decades of maintenance burden
limits

Construction Keep quality assurance objective under Hidden defects accepted to hold a
schedule and budget pressure schedule

Operations Monitor performance; act on early Warning signs noted but not
indicators of decline escalated

Maintenance Prioritize by risk, not by visibility or Deferral without an assessment of
convenience consequences

Rehabilitation / Evaluate alternatives against long-term Repeated short-term repairs past the
renewal public value point of prudence

Credit: MondoScience.com
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Planning and Design

The planning phase fixes assumptions that govern performance for the life of the asset. This
includes scope, capacity, location, design criteria, and service-life expectation. The pressure here
is subtle. Project approval, political support, and funding are legitimate goals, but they should not
quietly reshape the technical assessment. Demand forecasts, environmental conditions, and
economic trends are uncertain, and stewardship requires that the uncertainty be stated rather than
smoothed over to support a preferred outcome. Useful planning often comes down to asking
uncomfortable questions early, while changes remain cheap. Engineers should ask:

e Will the asset still function under plausible future conditions?
e Are maintenance demands being counted?
e Does the project create obligations a future operator may struggle to fund?

Design converts these assumptions into physical systems and concentrates much of the engineer’s
influence over safety, reliability, and service life. The work is a sequence of tradeoffs: redundancy
against cost, material quality against initial budget, inspection access against construction
complexity. The recurring stewardship mistake is to optimize for the day of construction and ignore
the decades of operation that follow. A detail that saves money to build can make an asset expensive
or unsafe to maintain. Designing for inspection, component replacement, and monitoring is part of
responsible practice, as is documenting the criteria and assumptions a design depends on so that
future operators inherit the reasoning rather than guessing at it.

For example, imagine a growing community bases the size of a new sewer interceptor on a demand
forecast that assumes modest population growth, and the design adopts a pipe material and slope
that minimize first cost. If the growth forecast proves low, the interceptor reaches capacity decades
early, and the inexpensive material proves harder to rehabilitate in place. The owner then faces an
expensive replacement that more conservative planning, and a modest increase in initial
investment, would have deferred or avoided. None of the individual decisions was unreasonable
on its own. The difficulty is that each decision was made without fully weighing how it would
constrain the options available to the people managing the asset thirty years later. Stewardship
requires engineers to make these downstream constraints visible while they can still be influenced.




Ethical Stewardship Of Public Infrastructure — LE2-025

Construction, Operations, and Maintenance

Construction turns intent into reality, and deficiencies introduced here can stay hidden for years.
Field conditions routinely differ from assumptions, creating pressure to modify or accelerate work,
and quality control is where stewardship is tested most directly. Inspection, material testing, and
documentation only protect the public if the people performing them stay objective when findings
cause delay or cost. Thorough construction records are themselves a stewardship act, because the
maintenance crews and rehabilitation teams who arrive decades later depend on knowing what was
built.

Once an asset enters service, attention shifts to performance and reliability under conditions that
often diverge from the original design. The defining operational situation is the asset that still
works while signaling future problems, for examples, pumps needing more frequent service,
inspections showing accelerating deterioration, or distribution systems leaking more each year.
Treating these signals as problems to manage now, rather than later, is at the heart of operational
stewardship.

Infrastructure maintenance is easy to file under budget rather than ethics, but it is one of the most
direct ways engineers protect public welfare and preserve asset value. While deterioration is
certain, maintenance exists to manage it. The ethical dimension sharpens when resources are short.
Backlogs force choices about what gets attention and what waits, and those choices should be
driven by risk, reliability, regulatory exposure, and the consequences of failure, and not by what is
most visible or politically easy. Maintenance crews are also a primary source of early information
about asset condition, and organizations serious about stewardship take onboard these observations
as data worth acting on.

Documentation and Responsibility After Handover

Stewardship extends to the knowledge needed to manage an asset. Many systems outlast the
careers and even the organizations that created them. Without adequate records, design intent,
inspection history, and hard-won operational understanding can simply disappear, leaving future
engineers to make consequential decisions with less information than their predecessors had.
Accurate, complete documentation is the mechanism that carries institutional memory forward.
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A defining feature of stewardship is that professional responsibility does not end at project
completion. Contractual obligations may have closed, but the duty to public welfare persists. For
example, an engineer who later learns of a previously unrecognized risk, or sees conditions
invalidating an earlier assumption, has an obligation to act through appropriate channels. This is
not perpetual control over an asset; it is the principle that the duty attaches to public welfare rather
than to the contract. Infrastructure performance depends on a continuous chain of decisions made
by many people over many years, and every phase shapes what follows.
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Ethics of Asset Management and Maintenance Decision-Making

Asset management is usually described as a systematic process for maintaining, upgrading, and
operating infrastructure cost-effectively, an approach formalized in International Standards for
Asset Management Systems (ISO, 2014). The decisions an asset-management program makes will
determine which risks to public safety receive attention and how public money is spent. Agencies
rarely have enough resources to address every need at once, so engineers who advise on these
programs are, in effect, helping decide which infrastructure risks a community will carry. This is
an ethical position as much as a technical one.

How Infrastructure Deteriorates

Every asset degrades under environmental exposure, operational demand, material aging, and
mechanical wear. Stewardship begins with an honest model of this decline. The rates differ by
asset type, but what matters ethically is that deterioration is a steadily rising risk when left
unmanaged. A minor defect can become a structural concern, and the progression is usually gradual
enough to be ignored until it becomes expensive to fix.

The shape of this decline is useful in asset management. Condition of the infrastructure will hold
up well initially, before falling away at a faster rate as the asset ages. This means that the cost and
difficulty of intervention depend heavily on timing. Figure 1 shows the pattern where intervention
during the early, low-cost window preserves conditions far more economically than action taken
once the asset approaches its minimum acceptable condition.
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Figure 1: Typical asset deterioration curve.

As shown in Figure 1, acting early, while the curve is still shallow, preserves condition cheaply.
Waiting until the asset nears its minimum acceptable condition pushes the work into the steep part
of the curve, where the only options left is major rehabilitation or replacement at much higher cost
and risk. Deferring maintenance lowers the year’s spending while accelerating the decline drives
it into the next decade’s spending. Stewardship treats deterioration management as a continuous
responsibility, supported by monitoring and inspection.

Condition Assessment and Professional Integrity

Condition assessments are the foundation of any asset-management program, and their quality
propagates into every downstream decision. Asset managers, agency leaders, and elected officials
allocate resources based on what the assessments tell them, so an inspection that minimizes a
deficiency or presents conditions more favorably than the evidence supports does lasting damage.
There is always pressure to soften findings and resisting it is a core integrity obligation.

Assessment also calls for judgment, because infrastructure is rarely in pristine condition. Engineers
must decide whether observed deterioration is acceptable, worth monitoring, repairable, or a signal
of something more serious. For example, a bridge inspection could show routine surface
deterioration to justify monitoring, while deeper corrosion or fatigue-related cracking may demand
prompt intervention. The distinction can change funding priorities. Communicating the distinction
clearly and accurately is itself a stewardship duty.
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How often an asset is examined is also a stewardship judgment. Inspection cadence and monitoring
intensity should track risk. A fracture-critical bridge member or a pressurized main serving a
hospital warrants closer attention than a low-consequence asset in good condition. Continuous
monitoring technologies, from strain gauges and corrosion sensors to flow and pressure telemetry,
have made it practical to watch high-risk assets between formal inspections, narrowing the window
in which a developing problem can go unnoticed.

These tools support judgment rather than replacing it. A sensor can flag a change, but an engineer
will still have to decide whether the change is noise, a maintenance signal, or the early stage of
something that threatens public safety. Matching inspection effort to consequence, and acting on
what the data shows, is where condition assessment turns into protection.

From Assessment to a Risk-Informed Register

Condition data becomes useful for stewardship when it is organized into a structure that supports
decisions. Most mature programs maintain an asset register that records each significant asset, its
condition, its expected remaining life, and an estimate of the consequences of its failure. The
register turns scattered inspection results into a comparable picture, so that an agency can see
which assets sit in the high-risk band and which can safely be monitored. The ethical value of the
register is that it makes prioritization defensible. When a decision to fund one project over another
can be traced to documented condition and consequence data, the process is easier to explain to
the public whose money is being spent.

A register is only as honest as the data behind it, which returns the discussion to integrity.
Optimistic condition ratings, stale inspection dates, and missing consequence estimates all distort
the comparison and can route resources away from the assets that need them the most. Keeping
the register current and candid is therefore a stewardship task rather than merely an administrative
one.

Prioritizing Under Constraint

One of the most challenging aspects of infrastructure stewardship is prioritization. When needs
exceed funding, deciding what proceeds and what waits is unavoidable, and the process should be
transparent, documented, and risk-informed rather than driven by visibility or political pressure.
Risk-based prioritization helps by weighing both the likelihood of failure and its consequences.
An asset whose failure threatens public safety, major service disruption, environmental harm, or
large economic loss generally warrants priority over one whose failure would be a nuisance.

10
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Consider a water utility facing simultaneous deterioration in transmission mains, storage, treatment
equipment, and administrative buildings. Stewardship asks how a failure in each category would
affect public health, service reliability, and regulatory compliance, then directs limited resources
toward the highest-consequence risks. Table 2 works through this example, rating each asset
category by the likelihood and consequences of failure to produce a defensible order of priority.
The process also demands candor about uncertainty: deterioration rates and future demands are
not fully predictable, and recommendations should travel with their assumptions rather than as
false precision.

Table 2: lllustrative risk prioritization for a water utility.

Asset category Likelihood of | Consequence of failure Risk level Priority
failure

Treatment Occasional Severe (water safety, regulatory | Critical 1

equipment compliance)

Transmission mains | Frequent Major (widespread service loss) | High 2

Storage facilities Remote Major  (service  continuity, | Medium 3
contamination)

Administrative Occasional Minor (no public-health or | Low 4

buildings service impact)

Note: Ratings follow a likelihood-and-consequence scheme and are specific to this scenario; an actual ranking depends on each
system's redundancy, age, condition, and regulatory context. Credit: MondoScience.com

Deferred Maintenance and Lifecycle Cost

Deferred maintenance is one of the most common pressures in infrastructure management, and not
every deferral is an ethical problem. Postponement that is supported by an engineering judgment
that the risk remains acceptable, can be entirely reasonable. The problem arises when maintenance
is deferred without understanding the consequences, or when a known risk is allowed to increase
unmanaged. A leaking roof becomes structural deterioration; minor corrosion becomes section
loss; deferred pavement work becomes a far costlier reconstruction. Stewardship requires that a
deferral decision be accompanied by an assessment of risk and expected progression, so decision-
makers know what is being deferred, why, and what may result.

Cost is included in these decisions, and stewardship does not ask engineers to ignore it.
Stewardship asks engineers to evaluate cost across the whole life of the asset rather than at the
moment of purchase. Lifecycle cost analysis includes planning, construction, operation,
maintenance, rehabilitation, and eventual replacement, and it frequently shows that the lowest
initial cost is not the lowest total cost. Figure 2 shows the pattern that recurs across procurement
and design choices.

11
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Figure 2: Lifecycle cost comparison.

An option with the lower initial cost (4) can carry higher maintenance and replacement costs that
matke its total cost over service life greater than an option with a higher initial cost (B).

A wastewater facility choosing major equipment, or a municipality choosing between repairing
and replacing a transmission main, faces this type of comparison. The cheaper acquisition can
demand frequent maintenance and early replacement, while the costlier option delivers reliability
and longer service life. Infrastructure stewardship requires that both alternatives be evaluated
transparently and that decision-makers understand the long-term consequences, particularly where
public funds are involved. Value over decades matters more than the figure in that year’s budget.

Visibility Versus Risk

A pattern that is encounter often, and discuss rarely, is the pull of visibility. A deteriorating bridge
in a prominent location generates public concern, while buried utilities, stormwater systems, and
treatment equipment carry comparable or greater risk almost invisibly. Because the public cannot
see them, they tend to lose the competition for attention and funding.

Infrastructure stewardship requires engineers to keep priorities anchored to technical evaluation
and risk rather than to prominence. Public perception is a legitimate input, but it should not
override an objective reading of where the real risk sits. Capital planning is where this tension
surfaces most sharply, and professional credibility depends on recommending attention to the asset
that needs it. A failure does not become less serious because it happened out of public view.

12
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Risk, Resilience, and Public Safety Obligations

Every public infrastructure system carries risk. No bridge, dam, utility network, or treatment plant
can be made free of uncertainty, because materials age, conditions change, equipment fails, and
demands evolve. The aim of stewardship is not to eliminate risk but to understand, manage, and
communicate it in a way that protects public welfare. The ethical force of this comes from the
same reliance that runs through the whole course: the people who depend on infrastructure cannot
evaluate it for themselves, so they depend on engineers to be managing risk actively rather than
reacting to failures after they occur.

Understanding Risk

Risk combines the likelihood of an event with the consequences if it occurs. A frequent event with
minor consequences may be entirely manageable, while a rare event with catastrophic
consequences may demand serious attention despite its low probability. Infrastructure systems
contain components across the range, and effective stewardship depends on telling them apart. A
minor drainage deficiency that causes inconvenience during storms is not the equivalent of subtle
deterioration in a fracture-critical bridge member, even if the second is less visible. Table 3 shows
the structure most agencies use to make that comparison explicit. Prioritization follows the
combination of likelihood and consequence rather than either factor alone, which is why a low-
probability, severe-consequence asset can warrant high priority.

13
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Table 3: A representative risk matrix.

Likelihood
Minor Moderate Major Severe
Frequent Medium High High Critical
g Occasional  Low Medium High Critical
Z‘," Remote Low Medium Medium High
5 Improbable Low Low Medium High

Credit: MondoScience.com

Risk evaluation must also account for uncertainty as infrastructure conditions are rarely known
precisely. Inspection data may be incomplete, future loads may differ from projections, and
conditions change. Stewardship does not require certainty before acting. In many situations,
waiting for certainty increases risk rather than reducing it. The obligation is to weigh the available
evidence and judge whether prudent intervention is warranted, while being honest about what is
not known.

A risk matrix is a means to an end and is a defensible order of work. Once assets are placed in the
matrix, the high-consequence combinations identify where attention belongs first, and the result
feeds directly into capital and maintenance planning. The discipline this imposes is useful because
it resists the pull toward visible but lower-risk projects. An agency that can show its program
follows from a documented assessment of likelihood and consequence, is better positioned to
defend its choices to elected officials and to the public and better protected against the charge that
spending followed attention rather than need. The matrix does not remove engineering judgment
from the process. Engineers must still decide how to score likelihood and consequence under
uncertainty. A risk matrix makes an engineer’s judgment explicit and reviewable.

Prevention as the Default Posture

A defining feature of ethical stewardship is its bias toward prevention. The public notices failures
after they happen, and engineers are expected to find and address concerns before they happen.
This creates a familiar organizational difficulty, because the value of a failure that never occurs is
hard to demonstrate and easy to cut. A maintenance program that quietly prevents collapses
produces no headlines, which makes it a tempting target during budget pressure. Part of the
engineer’s task is to make the value of prevention legible to people who control resources, by
connecting present investment to the specific risks it holds down.

14
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What Failures Teach About Stewardship

Documented failures are among the most instructive material in the field as evidence of how
stewardship lapses accumulate. The cases summarized in Table 4 have each had formal

investigation that engineers can consult directly for more information.

Table 4: Documented infrastructure failures and their stewardship lessons.

Case Year What happened Stewardship lesson

I-35W bridge, = 2007 Interstate truss bridge collapsed Original design error can

Minneapolis during rush hour; investigators interact with decades of
identified undersized gusset plates = accumulated load; condition
compounded by added dead load tracking must account for
over the bridge’s life changes since construction

Flint water system, | 2014 A source and treatment change in Stewardship of buried, low-

Michigan an aging distribution system led to = visibility assets and honest
corrosion of lead service lines and = public communication are
a public-health crisis inseparable from public welfare

Oroville Dam 2017 Service and emergency spillways =Long-standing design and

spillway failed during high flows, forcing maintenance assumptions
evacuation  of  communities = require reassessment as
downstream conditions and knowledge

change
Fern Hollow Bridge, = 2022 A city-owned bridge collapsed; Inspection findings only protect
Pittsburgh investigators pointed to advanced @ the public when they translate

corrosion and repeatedly

into funded, completed action

unaddressed inspection findings

Credit: MondoScience.com

Two of these cases sit especially relevant to this course. The Fern Hollow collapse is, in
stewardship terms, a failure of follow-through with observations. Inspections had repeatedly
flagged deteriorating conditions, but the findings did not translate into completed repair before the
structure failed (NTSB, 2024). The lesson is uncomfortable and important. An inspection program
that detects problems but does not drive action provides the appearance of stewardship without its
substance. The I-35W collapse shows a different mechanism, where an original design deficiency
in the gusset plates interacted with dead load added over the bridge’s service life (NTSB, 2008).
This acts as a reminder that an asset’s condition must be understood against everything that has
changed since it was built, not against its original drawings alone.

15
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The Flint crisis arose in an aging distribution system where a change in source water corroded lead
service lines, and the damage to public trust was deepened by how the risk was communicated
(Flint Water Advisory Task Force, 2016). The Oroville spillway incident showed how design and
maintenance assumptions that hold for decades can fail when conditions exceed them, and how
forensic review can surface the organizational as well as physical contributors (Independent
Forensic Team, 2018). Read together, these cases argue against treating failure investigation as
fault-finding. Most infrastructure failures are the product of several contributing factors
developing over time, and the value of studying them helps engineers to recognize the early
patterns that can help prevent such incidences from happening again.

Resilience and Low-Probability Events

Resilience has become central to infrastructure practice, and it carries an ethical basis. The
obligation to protect public welfare extends to conditions an asset was never originally designed
for. Many systems were designed against historical loads and historical hazard data, and
stewardship asks engineers to consider whether those baselines still hold. Flood-control
infrastructure designed against mid-century hydrology, for example, may warrant reassessment as
conditions change. Federal resilience guidance now treats this kind of forward-looking evaluation
as standard practice for critical systems (NIST, 2020; FEMA, 2016).

Designing for resilience also means designing for change rather than for a single predicted future.
Because the conditions an asset will face over a long service life cannot be known precisely,
stewardship favors choices that preserve options. This includes configurations that can be
strengthened later, capacity that can be added incrementally, and monitoring that reveals when
assumptions are breaking down. A levee that can be raised, a substation sited above a revised flood
elevation, or a pumping station with space reserved for added redundancy, all reflect this thinking.
The aim is not to predict the future correctly but to avoid foreclosing the responses a future operator
may need, which is a more honest stance under deep uncertainty than committing to a single
forecast.

The hardest version of this problem involves events that are individually unlikely but carry severe
consequences. This is where rarity tempts organizations to treat the risk as negligible. Stewardship
requires communicating both the low probability and the high consequence honestly, so decision-
makers can weigh them rather than dismiss them. The point is not to demand protection against
every conceivable event, which no budget can allow for, but to ensure that consequential risks are
evaluated and decided deliberately rather than ignored by default. This reasoning carries directly
into the decisions where aging assets force explicit choices about rehabilitation and replacement.
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Stewardship During Infrastructure Rehabilitation and Renewal

Every asset eventually reaches a point where routine maintenance can no longer hold performance,
safety, or serviceability at acceptable levels. Owners then face rehabilitation, reconstruction, or
replacement, and these are among the most consequential decisions in stewardship because they
commit large sums and shape service for many years. Across much of the developed world the
difficulty is compounded by timing, with infrastructure built during periods of major expansion is
reaching advanced age more or less together (ASCE, 2025; AWWA, 2012). The recurring
stewardship problem is that deterioration often outpaces available funding, forcing engineers to
help decide which assets receive immediate attention, which can be rehabilitated, and which must
be monitored until resources appear.

Timing the Intervention

One of the central judgments in renewal of infrastructure is when to act. Intervene too early and
public resources are spent inefficiently. Wait too long and risk, cost, and disruption climb.
Engineers regularly evaluate assets that remain operational despite significant deterioration, and
the fact that something still works does not mean that intervention can be postponed indefinitely.

The more useful question is about trend rather than snapshot: is the deterioration stable,
accelerating, or approaching a threshold that would materially affect performance? It is sometimes
unclear when the exact moment for action is, so the engineer must read structural condition,
reliability, maintenance history, regulatory requirements, and exposure together and form a
defensible recommendation.
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Rehabilitate or Replace

Many renewal projects open with a single question, whether to rehabilitate the asset or replace it?
The answer is seldom obvious. Rehabilitation can preserve an asset at lower cost and extend its
life, however, replacement costs more but can deliver better reliability, performance, and longevity.
Both are often technically viable, which is why the decision becomes an ethical one rather than a
purely technical one. Table 5 lays out the factors that a defensible comparison weighs. No single
factor decides the outcome; stewardship requires evaluating the factors together against long-term
public value.

Table 5: Factors weighed in rehabilitation-versus-replacement decisions.

Factor Favors Rehabilitation Favors Replacement

Remaining service life Substantial life recoverable with Asset near or past expected life

repair
Lifecycle cost Repair cost well below replacement =Rising maintenance erodes repair
value savings
Reliability and risk Failure consequences manageable Failure consequences high or
growing
Future demand Current capacity remains adequate Capacity or performance must
increase
Resilience needs Existing configuration acceptable Renewal allows needed hardening
Disruption Repair limits service interruption Replacement justifies the disruption

Credit: MondoScience.com

Targeted repairs look cheaper in the short term but may leave the system exposed to recurring
failures, while replacement costs more now and reduces future maintenance and risk. These factors
govern whether, for example, a deteriorating bridge is rehabilitated or replaced, where structural
condition, traffic demand, service-life expectation, and seismic performance all bear on the choice.
The stewardship duty is not to favor either option by reflex. It is to ensure decision-makers
understand the implications, risks, costs, and benefits of each.
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The Deferred Replacement Trap

A common and costly pattern is the slow substitution of repeated minor repairs when a major
renewal has become the more prudent course. The asset stays in service, but maintenance demand
rises, reliability falls, and lifecycle cost climbs, until a point is reached when substantial money is
being spent to preserve something that no longer represents an efficient investment. Recognizing
when this cycle is taking hold is one of the more valuable stewardship skills. Continuing to repair
simply because replacement funding is hard to secure does not serve the public, especially if risk
and cost keep rising, though replacement recommendations must rest on objective analysis rather
than assertion. Continued operation and prudent stewardship are not the same thing; an asset can
remain functional while steadily approaching the point where major intervention is overdue.

Ethics in Capital Improvement Programs

Most renewal of infrastructure happens inside a capital improvement program that sets priorities,
allocates funding, and sequences projects across several years. Because resources are almost
always short of need, ethical considerations are woven through project selection and timing.
Engineers in capital planning compare needs across very different asset categories, where
transportation work competes with utility upgrades and facility rehabilitation competes with
drainage, and there is no common physical unit to make the comparison automatic. Stewardship
requires that the comparison rests on documented criteria, safety, reliability, risk, service impact,
regulatory obligation, and long-term value, applied consistently across categories rather than
reinvented for each project.

Capital planning is also where political and engineering roles need to stay distinct. Public
infrastructure decisions legitimately involve policy choices, and elected officials are entitled to
make them. The engineer’s contribution is to provide a reliable technical foundation, an accurate
account of conditions, risks, and consequences, on which those policy choices can rest. The aim is
not to strip policy out of infrastructure decisions, but to ensure that when a policy choice overrides
a technical priority, it does so with the technical reality clearly on the table rather than obscured.

Renewal as an Opportunity

Infrastructure renewal projects are also openings. Because significant work is already underway,
they are frequently the most practical moment to address vulnerabilities that would otherwise
persist for decades. Replacing an aging stormwater system can be the occasion to improve
hydraulic performance, harden against heavier rainfall, and reduce maintenance burden at the same
time.
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Stewardship encourages designing for future needs rather than simply restoring prior conditions,
while keeping the use of public funds disciplined. The objective is not to maximize project scope
but to maximize long-term public benefit within real constraints. Renewal usually proceeds while
systems stay in service, so engineers must also weigh the disruption that construction imposes on
traffic, utilities, businesses, and emergency access, and use phasing, temporary systems, and
contingency planning to keep essential services running.
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Public Accountability, Transparency, and Stakeholder Trust

Trust Public Support
Transparency Accountability
@ MondoSciance

Public infrastructure operates in the open, funded by taxes, utility revenues, bonds, and grants, and
relied upon by entire communities. This gives citizens a legitimate interest in how assets are
managed, and it places engineers in a particular relationship with the public. Engineers hold
technical knowledge that most stakeholders do not, which creates both influence and a
corresponding responsibility to explain conditions, risks, and alternatives accurately, objectively,
and honestly. Because infrastructure decisions are visible and consequential, stewardship of public
infrastructure means accountability for recommendations as well as technical competence.

Accountability and Transparency

Accountability is the obligation to explain, justify, and take responsibility for decisions, and in
infrastructure it operates at several levels at once. Organizations answer for the systems they own,
elected officials for policy and funding, regulators for oversight, and engineers for the analyses,
recommendations, and certifications within their responsibility. It is a mistake to think of
accountability as something that activates only after a failure. It runs continuously through
documentation, inspection, condition assessment, and capital planning, all of which create the
record that later supports both decisions and public confidence. Because engineering
recommendations drive significant public spending, accountability requires that those
recommendations be built on objective analysis and evidence, consistently enough that
professional credibility holds up over time.

Transparency is the related obligation to keep information open and accessible, consistent with
legitimate legal, security, and operational limits. It does not mean burying stakeholders in technical
detail. It means giving stakeholders enough to understand conditions, risks, options, and
consequences. This is especially needed where infrastructure is least visible. Buried pipelines,
aging electrical systems, and declining treatment equipment are easy for the public to overlook, so
stakeholders may not grasp why an investment is needed or what happens if'it is delayed. Engineers
bridge this gap through reports, assessments, and public meetings. Transparency matters most
when the news is unwelcome, because maintenance backlogs and funding shortfalls are the
realities most tempting to minimize, and the purpose of disclosing them is not to alarm but to
support informed decisions and preserve trust.
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Building and Keeping Trust

Trust is among the most valuable assets attached to public infrastructure. Communities trust that
water is safe, that bridges are sound, that buildings can be occupied, and that utilities will hold up.
That trust is what lets society function without each person verifying infrastructure for themselves,
and engineering stewardship either reinforces it or erodes it. Reliable performance, responsible
maintenance, and effective risk management strengthen confidence. Failures, neglect, and
inaccurate reporting damage it.

Trust is also asymmetric. An organization can spend decades building a reputation for competence
and lose much of it after a single visible failure. This is why stewardship demands steady attention
to both technical performance and credibility. Engineers contribute to trust mainly through
integrity, objective analysis, accurate reporting, and honest communication, which help to preserve
confidence even when a problem cannot be solved immediately.

Engaging Stakeholders

Stewardship increasingly recognizes that the communities served by infrastructure hold
information engineers do not. Treating stakeholder engagement as a procedural box to check
wastes that knowledge. Done well, engagement surfaces issues that inspections may have missed.
Residents would know which intersection floods in heavy rain, operators would know which
equipment fails on hot afternoons, and businesses would know when a planned closure would do
the most damage. This local knowledge complements technical analysis rather than competing
with it, and incorporating it into decisions tends to produce better outcomes and fewer surprises
during construction.

Engagement does not mean deferring to whichever group is loudest. Different stakeholders
advocate for different priorities and timelines, and engineers add value by helping them understand
the technical realities, risks, and constraints that bound the available options. A transparent process,
one in which people can see how a decision was reached and why a particular action is
recommended, also tends to strengthen public support, even for projects that bring inconvenience
or cost. Trust built through honest engagement is part of what makes the difficult investments of
an aging-infrastructure era politically possible.

Communicating Risk and Unpopular Recommendations
Translating risk for audiences with varying technical backgrounds is one of the harder parts of

stewardship. Stakeholders range from elected officials and regulators to utility customers and the
general public, each viewing infrastructure from a different angle.
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Good risk communication starts by being clear about the condition that exists, why it matters, how
it may progress, what remains uncertain, and what options are available. Engineers should avoid
both failure modes, neither exaggerating issues to manufacture concern nor understating legitimate
risks because the conversation is uncomfortable. When inspections reveal deterioration in a critical
asset, stakeholders need to understand its significance, expected progression, consequences, and
the time available to respond, and where funding prevents immediate action, they need to
understand how the risk is being monitored in the interim.

Stewardship sometimes requires recommendations that are politically difficult or financially
unwelcome, from rate increases that fund critical upgrades to traffic disruptions that essential
rehabilitation demands. These moments test commitment to the principles, and the key is to hold
the line between policy and engineering judgment. Choosing among funded options is the proper
role of officials and organizational leaders, while providing accurate information about conditions,
risks, and consequences is the engineers. Professional responsibility does not extend to dictating
policy outcomes, but it does require ensuring that decision-makers genuinely understand the
implications of their options.

Some of the most important stewardship contributions occur when an engineer communicates an
uncomfortable truth that others would prefer to leave unspoken. When failures do occur, the same
standard governs the investigation, where focus on understanding causes rather than assigning
blame, maintain objectivity even when findings are awkward for the organization, and treat
accurate records as the foundation that makes honest review possible.
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Organizational Pressures and Ethical Challenges

ETHICS

Stewardship rarely happens in isolation. Most infrastructure professionals work inside
organizations, municipal agencies, utilities, transportation departments, consulting firms,
contractors, and regulators, each with its own priorities, constraints, and decision processes. These
structures are not the problem; infrastructure cannot be delivered without budgets, schedules,
procurement rules, and management. The ethical difficulty arises when organizational pressure
begins to compete with obligations to safety, reliability, and long-term performance. Stewardship
does not ask engineers to ignore organizational reality. It asks them to navigate it while keeping
professional judgment intact, and the harder skill is usually not identifying the right technical
course but advocating for it inside an environment of competing interests.
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Budget and Schedule

Budget limits are the most persistent pressure in the field. Nearly every organization works within
financial constraints, so engineers routinely advise on how to allocate scarce resources. The ethical
test appears when funding cannot cover every identified need. The obligation of an engineer is to
evaluate needs objectively and report risks accurately, neither distorting recommendations to fit a
predetermined budget nor inflating risk to capture funding. A public works department that
identifies more rehabilitation needs than it can fund relies on its engineers to determine which
assets carry the greatest risk and should be addressed first. Budget pressure also drives deferral of
maintenance, inspections, and monitoring, and stewardship requires explaining the technical
consequences of those deferrals rather than treating them as purely financial moves. This is simply
because deterioration continues regardless of the budget cycle and deferred work usually costs
more later.

Schedule pressure works similarly but escalates faster. Regulatory deadlines, construction seasons,
and political commitments create urgency, and timely delivery is a legitimate goal. The conflict
comes when design reviews need more time, inspections find deficiencies, or commissioning
surfaces problems that should be resolved before a system enters service. Minor issues can often
be handled through reasonable risk management, but significant safety or reliability concerns
should not be waved through to protect a date. What makes this hard is the asymmetry of visibility;
a delay produces immediate, public costs, while the consequences of a compromised decision may
not surface for years. Professional judgment needs to weigh both, and that judgment should rest
on technical evidence rather than organizational convenience.

Political and Organizational Loyalty

Public infrastructure is inherently political, because elected officials set priorities, approve
budgets, and allocate resources, and this involvement often reflects legitimate policy choices. The
ethical line is crossed when political considerations start reshaping technical evaluations, when
visible projects crowd out higher-risk needs, when conditions are portrayed more favorably than
the evidence supports, or when short-term perception outranks long-term asset management.
Stewardship requires keeping technical evaluation grounded in engineering principles, inspection
findings, and risk analysis, and keeping that information independent of political preference.
Policy decisions belong to officials, however, the engineering input they rely on should not be bent
to match the decision they would prefer to make.
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A subtler tension runs between loyalty to one’s organization and responsibility to the public.
Organizational loyalty is generally healthy and supports good teamwork. It becomes an ethical
problem when an organization would rather not publicize a deficiency or prefers a cheaper option
despite higher risk. The guiding principle, expressed across the engineering profession’s codes of
ethics, is that responsibility for public welfare ultimately takes precedence over organizational
convenience (NSPE, 2019; ASCE, 2017). This does not call for an adversarial stance toward
employers or clients. It calls for judgment that stays independent and evidence-based, advocacy
for technically sound decisions, and respect for the organization’s decision-making process. Many
of these tensions ease with clear, constructive communication, because leaders often face pressures
engineers do not see, and engineers often understand risks that leaders do not.

Procurement and Infrastructure Quality

Procurement rules shape infrastructure quality in ways that are easy to underestimate. Competitive
bidding, budget ceilings, and procurement regulations exist for sound reasons, to promote fairness
and protect public funds, but they can also create pressures that work against long-term
performance. The lowest-cost proposal is not always the best lifecycle value. Aggressive bid
schedules can compress the time available for quality control. Material substitutions accepted to
hit a price can shorten service life, and contractor-selection criteria weighted heavily toward initial
cost can favor firms with limited experience in specialized systems.

Stewardship does not require rejecting cost-effective solutions; it requires evaluating cost in the
context of safety, durability, maintainability, and lifecycle performance rather than acquisition
price alone. A material that costs less to buy may cost far more to maintain, and a low bid from an
inexperienced contractor may carry hidden risk. Engineers involved in procurement help decision-
makers see these relationships, so that the structure intended to protect public funds does not
quietly undermine the quality of the assets those funds are buying. This is the same lifecycle-cost
reasoning developed earlier, applied at the point where contracts are awarded.
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Incremental Compromise and Ethical Courage

Most serious stewardship failures do not begin with a single unethical decision. They accumulate
through small compromises that each look reasonable on their own. A maintenance task is
postponed for budget reasons. An inspection slips because staff are short. A rehabilitation waits for
funding. A design review is abbreviated to hold a schedule. A minor deficiency is accepted because
immediate failure seems unlikely. Any one of these may be defensible, but their cumulative effect
can drive risk well past what any single choice would have produced, and the process is gradual
enough to escape notice. Stewardship, therefore, requires looking at patterns as well as individual
decisions, and periodically reassessing overall asset condition, risk trends, and maintenance
backlogs so that the cumulative picture stays visible.

Acting on this sometimes takes ethical courage. Engineers may have to recommend substantial
expenditure, propose delays to resolve technical concerns, or conclude that an existing plan creates
unacceptable risk. Courage here is not confrontation for its own sake, nor a refusal to acknowledge
organizational reality. It is the willingness to stay committed to objective analysis and public
welfare when doing so is uncomfortable. The work is usually most effective when it stays factual
and solution-oriented, focused on evidence, alternatives, and consequences rather than on conflict,
and when significant concerns and recommendations are documented so they carry forward. No
organization operates under ideal conditions, and the aim is not perfection but responsible
decision-making within real constraints. Stewardship tends to matter most when organizational
pressure is greatest, because that is when long-term risk and public safety are most likely to drop
out of the conversation.
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Building a Culture of Long-Term Infrastructure Stewardship

Much of this course has addressed stewardship as a matter of individual judgment, but durable
stewardship ultimately depends on organizational culture. Infrastructure is managed by people
working inside organizations, and the values embedded in those organizations strongly shape the
decisions that get made. A culture of stewardship exists when long-term performance is weighed
alongside short-term operational, financial, and political objectives, so that infrastructure is treated
as a continuing public responsibility rather than a finished inventory. Organizations without this
culture tend to accumulate maintenance backlogs, deferred investment, and rising risk, and the
cause is usually not a shortage of technical knowledge but a set of priorities that consistently
undervalues long-term preservation. Engineers shape this culture more than they often realize,
because they are the primary source of technical guidance about conditions and future needs.

From Reactive to Proactive Management

The clearest marker of a strong stewardship culture is the shift from reactive to proactive
management. Reactive organizations respond to problems after they appear, directing resources
toward emergencies, outages, and visible deficiencies. Emergency response will always matter,
but organizations that operate mainly in this mode tend to see maintenance costs rise, reliability
fall, and risk grow.
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Proactive management invests in inspection, condition assessment, preventive maintenance, and
lifecycle planning to reduce uncertainty and intervene early, which aligns directly with the
obligation to protect public welfare. Building this takes organizational commitment: inspection
programs have to be funded, asset data maintained, and the value of preventive action recognized
even when its benefits are not immediately visible. Engineers support the shift by demonstrating,
in concrete terms, how early intervention improves safety and lifecycle performance while
reducing future risk.

Leadership, Knowledge, and Judgment

Stewardship requires leadership at every level, from executives who set priorities to the operators
and maintenance crews who carry out daily work, and it is reinforced most when leadership
consistently backs long-term asset management. The real test of commitment comes during
financial constraint, because supporting stewardship is easy when resources are plentiful and hard
when funding, maintenance, and capital schedules are all under pressure. Organizations that treat
preservation as essential rather than discretionary tend to maintain continuity through those
periods. Engineering leaders carry particular influence as the link between technical reality and
organizational decision-making, translating asset conditions into terms that managers, officials,
and stakeholders can act on, and shaping whether the organization treats transparency and open
discussion of concerns as normal.

Two supporting conditions make a stewardship culture sustainable. The first is institutional
knowledge. Many systems remain in service for decades while personnel retire and organizations
change, and without deliberate effort the understanding of why design choices were made, how
systems behave under unusual conditions, and where recurring problems occur can be lost.
Documentation, recordkeeping, mentoring, and succession planning preserve that understanding,
and its ethical significance lies in the simple fact that better-informed decisions tend to produce
safer and more reliable outcomes. The second is professional judgment. Standards, models, and
asset-management software are valuable, but they cannot anticipate every condition. A healthy
culture encourages engineers to evaluate unusual situations, question assumptions, and raise
concerns rather than defer reflexively to procedure. When inspection findings, operational data, or
environmental conditions depart from expectations, it is engineering judgment that recognizes the
departure and responds.
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Maintenance as Strategy, Not Overhead

Some organizations still treat maintenance as an operational cost center separate from strategic
planning, a line item to trim when budgets tighten. A stewardship culture treats it as a central
element of long-term strategy, because maintenance choices drive reliability, lifecycle cost, risk
exposure, and the timing of future capital needs. When maintenance planning is integrated with
inspection, condition monitoring, and rehabilitation planning, the activities reinforce one another
and serve a common objective rather than competing for attention. Integration also improves how
resources are allocated, since an organization that understands how today’s maintenance shapes
tomorrow’s capital requirements can evaluate a deferral against its future consequences, rather
than only its immediate savings. This lifecycle view is what connects the daily work of
maintenance crews to the decades-long performance of the systems they tend, and it is one of the
clearest practical expressions of stewardship inside an organization.

Stewardship and Public Confidence

Stewardship shapes public confidence in ways that outlast any single project. Communities watch
how infrastructure organizations respond to maintenance needs, manage public money,
communicate risk, and handle emerging problems, and they form judgments accordingly.
Organizations that demonstrate responsible stewardship over time build a reservoir of trust, and
stakeholders prove more willing to support investment when they believe assets are managed
effectively and openly. Recurring failures, visible neglect, and poorly explained decisions drain
that reservoir. The connection matters most when major investment is required, because the
rehabilitation and replacement programs that aging systems demand depend on public willingness
to fund them, and this willingness rests on confidence that the money will be used well and the
decisions are grounded in sound engineering.

Accountability and the Intergenerational View

Stewardship is reinforced when organizations hold themselves accountable for long-term
outcomes rather than for short-term metrics alone. Annual budgets, schedules, and operational
statistics matter, but they do not fully describe infrastructure health. Stewardship-minded
organizations also track asset condition, maintenance backlogs, reliability trends, risk exposure,
and rehabilitation needs. Accountability in this case is not about assigning blame for every
problem, since many factors lie beyond any individual’s control; it is about building systems that
encourage continuous evaluation and responsible decisions. The underlying aim is to get
organizations to evaluate infrastructure performance over decades rather than fiscal years.
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That long view is the most distinctive feature of infrastructure stewardship. Assets routinely outlast
the careers of the people who design, build, operate, and maintain them, so today’s decisions shape
public welfare far into the future. Engineers are not only managing assets for current users; they
are helping preserve systems that future generations will inherit and depend on. This does not
require predicting the future. It requires decisions that account for long-term consequences and
avoid creating unnecessary burdens for the communities that come next. Lifecycle thinking, asset
management, maintenance planning, resilience, transparency, and accountability all serve that
purpose, and engineers who take it seriously help ensure that infrastructure keeps producing public
benefit long after the original work is done.
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Course Conclusion

Ethical stewardship of public infrastructure reaches well beyond compliance with technical
standards or the successful completion of individual projects. It is a sustained commitment to
protecting public welfare across the entire life of an asset. It is expressed through balancing
competing priorities, managing and communicating risk, allocating resources responsibly, and
keeping the focus on long-term public benefit. The modern environment makes that commitment
demanding, with aging assets, constrained budgets, evolving risks, and complex organizational
pressures all bearing on every decision.

The cases briefly presented in Table 4, from the follow-through failure at Fern Hollow to the
design-and-loading interaction at I-35W and the public-trust collapse at Flint, show what is at stake
when stewardship lapses. They reinforce a consistent theme: infrastructure performance depends
on a long chain of decisions made by many people over many years, and each link either protects
public welfare or quietly weakens it. The most effective stewards understand that their work is not
limited to technical problem-solving. They serve as advisors to decision-makers, advocates for
responsible investment, and, above all, custodians of the public trust on which the profession
depends.

32




Ethical Stewardship Of Public Infrastructure — LE2-025

References

10.

11.

American Society of Civil Engineers. (2017). Code of ethics. ASCE.

American Society of Civil Engineers. (2025). 2025 report card for America’s infrastructure.
ASCE.

American Water Works Association. (2012). Buried no longer: Confronting America’s water
infrastructure challenge. AWWA.

Federal Emergency Management Agency. (2016). National mitigation framework (2nd ed.).
U.S. Department of Homeland Security.

Flint Water Advisory Task Force. (2016). Final report. Office of the Governor, State of
Michigan.

Independent Forensic Team. (2018). Independent forensic team report: Oroville Dam spillway
incident. Association of State Dam Safety Officials.

International Organization for Standardization. (2014). ISO 55000:2014 Asset management:
Overview, principles and terminology. ISO.

National Institute of Standards and Technology. (2020). Community resilience planning guide
for buildings and infrastructure systems. NIST, U.S. Department of Commerce.

National Society of Professional Engineers. (2019). NSPE code of ethics for engineers. NSPE.
National Transportation Safety Board. (2008). Collapse of [-35W highway bridge,
Minneapolis, Minnesota, August 1, 2007 (Highway Accident Report NTSB/HAR-08/03).
NTSB.

National Transportation Safety Board. (2024). Collapse of the Fern Hollow Bridge, Pittsburgh,
Pennsylvania, January 28, 2022 (Highway Accident Report HIR-24-02). NTSB.

33






