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Introduction
Every industrial manager knows the feeling. The budget arrives, 
and the safety department’s share is smaller than last year. 
Meanwhile, the production target has gone up, new machinery 
needs guarding, regulators have added another compliance 
requirement, and the incident rate from last quarter still haunts 
the monthly report. The money is not enough. The needs keep 
growing. Something has to give.

This is not a temporary problem. It is structural. And it is older 
than modern industry itself. In 1798, an English clergyman and 
economist named Thomas Robert Malthus published a short book 
that would disturb the sleep of optimists for centuries to come. 
He argued that human populations tend to grow geometrically 
doubling every generation while food production can only grow 
arithmetically, adding a fixed amount each period. The inevitable 
result, he claimed, was a permanent tension between mouths 
and meals, relieved only by what he called “checks”: famine, 
disease, war, and vice on one hand, and moral restraint and delayed 
marriage on the other (Malthus, 1798). He was wrong about the 
inevitability of famine technology proved more fertile than he 
imagined but he was right about the geometry of scarcity. Where 
demand outruns supply, competition follows, and not everyone 
survives.

This paper argues that the same geometry operates in industrial 
safety. Safety needs do not grow arithmetically. They multiply. 
Each new machine, each new chemical, each new regulation, each 
new understanding of what causes harm adds to the total burden 
of protection. But safety budgets? They rise in straight lines, if 

they rise at all. The result is a Malthusian trap—not of starvation, 
but of risk. We call it the safety trap.

The contribution of this paper is to transplant Malthusian logic 
from demography into occupational health and safety, creating a 
theoretical framework that helps explain why safety budgets fail, 
why some hazards get attention while others are ignored, and 
why the same organizations seem to lurch from crisis to crisis. 
We do not claim that Malthus would have recognized his own 
ideas in a factory risk assessment. But the logic is his, and the 
application is new.

The Malthusian Original and Its Extensions
To understand what we are borrowing, we must first understand 
what Malthus actually said. The first edition of *An Essay on 
the Principle of Population* appeared anonymously in 1798, a 
polemical response to the utopian optimism of William Godwin 
and the Marquis de Condorcet (Malthus, 1798). Malthus’s father 
had been arguing that human perfectibility was possible; the son 
set out to prove that nature had installed a permanent obstacle.

The core argument was mathematical, or at least mathematical 
in spirit. Population, left unchecked, increases in a geometric 
ratio: 1, 2, 4, 8, 16, 32. Subsistence food, primarily increases 
only arithmetically: 1, 2, 3, 4, 5, 6. The gap widens inexorably. 
“The perpetual tendency in the race of man to increase beyond 
the means of subsistence,” Malthus wrote, “is one of the general 
laws of animated nature which we can have no reason to expect 
will change” (Malthus, 1798, p. vii). The only question was how 
the gap would be closed.
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Malthus identified two categories of checks. The first he called 
“positive checks”: those that increase mortality. Famine, 
pestilence, war, and “the convulsions of nature” all served to 
reduce population to the level that food could support (Malthus, 
1798, Chapter V). These were brutal, involuntary, and inequitable 
in their impact, falling hardest on the poor.

The second category he called “preventive checks”: those that 
reduce fertility. Chief among these was “moral restraint” the 
postponement of marriage until a family could be supported, 
accompanied by sexual continence in the interim (Malthus, 
1803). Unlike positive checks, preventive checks were voluntary, 
deliberate, and morally admirable. They represented human 
agency operating within natural limits.

Malthus later editions, particularly the second edition of 1803 
and the sixth of 1826, softened some of the harsher edges of the 
first edition. He acknowledged that agricultural improvement 
could expand subsistence, that education could encourage 
prudence, and that the Poor Laws of England might be reformed 
rather than abolished (Malthus, 1826; Winch, 1992). But the 
fundamental geometry remained. Demand outran supply. Checks 
were necessary. The only choice was between ugly checks and 
wise ones.

The influence of Malthus extended far beyond demography. 
Charles Darwin read the *Essay* in 1838 and recognized in its 
logic the mechanism that would drive natural selection: the constant 
pressure of population against resources, creating competition in 
which only the best-adapted survived (Darwin, 1859; Winch, 
1992). Alfred Russel Wallace independently arrived at the same 
insight. The Malthusian logic of scarcity and competition became, 
through Darwin, one of the foundational ideas of modern biology.

In the twentieth century, Malthusian ideas experienced a revival 
through the neo-Malthusian movement. Paul Ehrlich’s *The 
Population Bomb* (1968) applied Malthusian logic to global 
resource depletion, warning of imminent famine and ecological 
collapse as population growth outstripped agricultural and 
industrial capacity. While Ehrlich’s specific predictions proved 
overly pessimistic—green revolution technologies expanded food 
production beyond his forecasts the underlying framework of 
exponential demand pressing against finite resources remained 
influential in environmental economics and policy.

A particularly fertile extension of Malthusian logic appeared in 
Garrett Hardin’s “The Tragedy of the Commons” (1968). Hardin 
argued that when multiple individuals share a finite resource 
without collective regulation, each has an incentive to maximize 
their own use, leading to overexploitation and collective ruin. 
The commons are degraded not by malicious intent but by the 
rational pursuit of individual interest within a system of scarce 
shared resources. Hardin’s framework has direct relevance to 
industrial safety, where multiple departments or production units 
may compete for a shared safety budget, each seeking to maximize 
their own protective allocation without regard for the collective 
carrying capacity of the organization.

In economics, Malthusian ideas have resurfaced repeatedly. The 
“Malthusian trap” in economic history describes pre-industrial 
societies where technological gains were swallowed by population 
growth, leaving living standards stagnant. The “neo-Malthusian” 
movement of the twentieth century applied similar logic to global 
resource depletion, climate change, and environmental carrying 
capacity. What these applications share is a recognition that 
exponential demands meeting linear supplies produce predictable 
pathologies: competition, inequality, crisis, and collapse.What 

no one has done, to our knowledge, is apply this logic to the 
microeconomics of workplace safety. That is the task of this paper.

The Safety Trap: A Malthusian Framework for HSE
Consider an industrial facility say, a manufacturing plant with 
five hundred employees. Its safety needs include: guarding on 
machinery, ventilation for chemical processes, personal protective 
equipment, fire suppression systems, ergonomic interventions, 
training programs, medical surveillance, incident investigation, 
regulatory compliance audits, and emergency response 
preparedness. Each of these needs grows over time.

New machines are added. New chemicals are introduced. New 
hazards are identified by researchers or regulators. The list of what 
should be done lengthens faster than the list of what can be done. 
Meanwhile, the safety budget is set by finance, approved by the 
board, and constrained by market competition. It does not grow 
geometrically. At best, it grows arithmetically. At worst, it shrinks. 
This is the safety trap. And it operates with Malthusian precision.

The Geometry of Safety Demand
Safety demand in an industrial organization has a natural 
tendency to expand. This expansion is not merely additive; it is 
multiplicative. Each new production line introduces multiple new 
hazards. Each new regulation adds compliance obligations. Each 
incident reveals previously unrecognized risks. Each near-miss 
investigation generates corrective actions. The cumulative effect 
is a geometric growth in the total protective burden.

To illustrate: a plant with one production line might have fifty 
identified hazards requiring control. Add a second line not 
identical, but similar and the hazards do not simply double to 
one hundred. Interactions between lines create new risks: shared 
ventilation, cross-contamination, congestion in emergency egress, 
coordination of lockout-tagout procedures. The total might rise 
to one hundred forty. A third line, with further interactions, might 
push the total to two hundred thirty. The pattern is familiar to any 
safety manager who has watched a facility grow: complexity 
outpaces scale.

This phenomenon aligns with Charles Perrow’s (1984) analysis 
of “normal accidents” in complex technological systems. Perrow 
argued that in systems with tight coupling and interactive 
complexity, accidents are not merely possible but inevitable not 
because of individual failures but because of the combinatorial 
explosion of potential interactions. In our framework, each new 
production element does not add linearly to risk; it multiplies 
the possible failure pathways. The geometric growth of safety 
demand is, in part, a consequence of the geometric growth of 
system complexity that Perrow identified.

Meanwhile, the safety budget faces arithmetic constraints. If the 
organization is profitable and safety-conscious, the budget might 
increase by a fixed percentage each year say, three percent. If 
the organization is under financial pressure, the budget might be 
frozen or cut. In neither case does it keep pace with the geometric 
growth of need.

The result is a widening gap between protective demand and 
protective supply. This gap is the safety equivalent of Malthus’s 
population-subsistence divergence. And like Malthus’s gap, it 
cannot be ignored indefinitely. It must be closed by checks.

Positive Checks in Safety
Malthus’s positive checks increased mortality. In safety, the 
equivalent is increased risk. When the gap between safety 
needs and safety resources becomes too wide, the organization 



                                                    Page 3 of 4J of Adv Art Int Sys & Frontiers, 2026

experiences what we term “safety positive checks”: events that 
reduce the effective demand for protection by eliminating the 
source of demand.

The most obvious positive check is the workplace incident. A 
serious injury or fatality triggers regulatory investigation, legal 
liability, insurance premium increases, and operational shutdowns. 
In the aftermath, resources suddenly appear: the budget constraint 
is relaxed, consultants are hired, equipment is replaced, procedures 
are rewritten. The hazard that caused the incident receives attention 
it should have received earlier. But the attention is reactive, costly, 
and often too late for the victim.

Other positive checks include regulatory sanctions (fines that 
divert resources from prevention to penalty payment), insurance 
exclusions (loss of coverage that forces operational changes), and 
workforce attrition (skilled workers leaving for safer employers, 
reducing the population exposed to risk but also reducing 
organizational capability). All share the characteristic of Malthus’s 
positive checks: they are involuntary, painful, and inequitable 
in their distribution. They fall hardest on the most vulnerable 
typically, frontline workers rather than managers.

Organizations that rely predominantly on positive checks exhibit 
a recognizable pattern: cyclical safety performance. Periods of 
apparent stability, where incidents are rare and budgets seem 
adequate, alternate with periods of crisis, where multiple events 
cluster and resources are thrown at problems in panic. This “safety 
oscillation” mirrors the population oscillations Malthus described 
in pre-industrial societies, where good harvests encouraged growth 
until the next famine restored equilibrium.

Preventive Checks in Safety
Malthus preferred preventive checks: voluntary, prudent behaviors 
that reduced fertility before crisis struck. In safety, the equivalent 
is proactive investment in hazard elimination and risk reduction 
before incidents occur.

Preventive checks in our framework include: engineering 
controls that remove hazards at source (substituting fewer toxic 
chemicals, automating dangerous tasks, redesigning workflows); 
administrative controls that reduce exposure (job rotation, 
restricted access, permit-to-work systems); training that builds 
worker competence and hazard recognition; and organizational 
learning systems that capture near-miss data and drive continuous 
improvement.

These preventive checks share the characteristics of Malthus’s 
moral restraint: they require foresight, discipline, and a willingness 
to sacrifice immediate convenience for long-term stability. They 
also require resources capital for engineering, time for training, 
attention for learning that must be diverted from other uses. In 
a budget-constrained environment, this diversion is difficult. It 
requires managers to say “no” to production demands in the 
present to avoid saying “I’m sorry” in the future.

The organizations that succeed in implementing preventive checks 
tend to exhibit different patterns from those reliant on positive 
checks. Their incident rates are lower but more importantly, their 
incident *variability* is lower. They do not oscillate between calm 
and crisis. Their safety performance is stable, predictable, and 
improving over time. They have, in effect, escaped the safety trap 
not by increasing resources beyond geometric demand, which is 
impossible, but by reducing the rate of demand growth through 
intelligent design and continuous improvement.

The Safety Carrying Capacity and the Tragedy of the Safety 
Commons
A useful concept borrowed from ecology is carrying capacity: 
the maximum population an environment can sustain indefinitely. 
In our framework, we define “safety carrying capacity” as the 
maximum level of protective activity an organization can sustain 
given its resource constraints and operational demands.

Organizations operating near their safety carrying capacity are 
fragile. Small perturbations a new regulation, a production surge, 
a key staff departure can push them beyond the limit, triggering 
positive checks. Organizations with substantial safety carrying 
capacity have buffer room. They can absorb new demands without 
crisis.

However, carrying capacity in industrial settings is rarely 
managed as a collective good. Instead, as Hardin (1968) observed 
in his analysis of common resources, individual units within 
an organization may act in their own rational self-interest to 
maximize their share of the safety budget, leading to collective 
overexploitation. Each department requests the maximum 
protective equipment, the most extensive training, the most 
frequent audits. The safety budget, like the common pasture, is 
depleted beyond its sustainable yield. The result is not merely 
scarcity but degradation: the quality of safety interventions 
declines as they are spread too thin, and the organization’s overall 
protective capability erodes.

This “tragedy of the safety commons” explains why organizations 
with apparently adequate safety budgets may still experience 
crises. The problem is not always absolute scarcity but relative 
mismanagement of shared resources. Effective safety governance 
requires mechanisms budgetary controls, cross-departmental 
coordination, executive oversight that prevent individual units 
from overgrazing the collective safety resource.

The challenge for management is that safety carrying capacity 
is not fixed. It can be expanded through efficiency: better use of 
existing resources, elimination of redundant controls, integration 
of safety into production design rather than retrofitting it afterward. 
It can also be expanded through technology: sensors that monitor 
conditions in real time, data analytics that predict failures before 
they occur, automation that removes humans from hazardous 
exposures. These efficiency and technology gains are the safety 
equivalent of agricultural improvement in Malthus’s framework 
they expand the “subsistence” side of the equation, narrowing 
the gap with demand.

But efficiency and technology are themselves resource-intensive. 
They require investment before they yield returns. In the short term, 
they may actually reduce carrying capacity by diverting resources 
from immediate protective needs. This creates a dilemma familiar 
to development economists: the choice between consumption now 
and investment for later.

Implications for HSE Decision-Making
The Malthusian safety framework is not merely descriptive. It has 
prescriptive implications for how organizations should allocate 
scarce safety resources.

Prioritization Under Scarcity
When resources are insufficient for all protective needs, some form 
of triage is inevitable. The framework suggests that prioritization 
should favor preventive checks over positive checks—not because 
preventive checks are cheaper (they often are not), but because 
they alter the geometry of the problem. A preventive check reduces 
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future demand; a positive check only responds to past failure.
Specifically, organizations should prioritize:
- Hazards with geometric growth potential (those that multiply as 
operations expand) over hazards with arithmetic growth potential 
(those that remain constant regardless of scale).
- Engineering controls that eliminate or reduce hazards at source 
over administrative controls that merely manage exposure.
- Investments that expand safety carrying capacity (training, 
learning systems, design integration) over investments that 
maintain current capacity (compliance audits, incident response).

Avoiding the Safety Oscillation
The cyclical pattern of safety performance—calm followed by 
crisis followed by panic spending followed by calm is pathological. 
It wastes resources, demoralizes workers, and ultimately fails to 
prevent harm. The framework suggests that organizations should 
aim for “safety homeostasis”: stable, improving performance 
maintained within the bounds of carrying capacity.

This requires what we term “safety prudence”: the organizational 
equivalent of Malthus’s moral restraint. Just as Malthus urged 
individuals to postpone marriage until they could support a family, 
we urge organizations to postpone production expansion until 
they can support the safety burden it creates. This is not a call for 
paralysis. It is a call for alignment: matching growth in operational 
complexity with growth in protective capability.

The Role of Regulation
Malthus was skeptical of legislative solutions to population 
problems, believing that laws could not override natural laws. We 
are more optimistic about regulation, but with caveats. Regulation 
can function as a preventive check by mandating minimum 
standards that expand carrying capacity. But it can also function 
as a positive check when enforcement is purely punitive, creating 
incentives for concealment rather than improvement.

Effective safety regulation, in our framework, is regulation 
that increases preventive checks: standards that require hazard 
elimination, incentives for investment in safety technology, and 
transparency requirements that enable organizational learning. 
Ineffective regulation increases positive checks: fines that drain 
resources without changing behavior, inspections that focus on 
paperwork rather than risk, and penalties that drive incidents 
underground.

Discussion and Limitations
The Malthusian safety framework is, we emphasize, a theoretical 
contribution rather than an empirical finding. We have not tested 
it with data, though we believe it is testable. Future research 
might measure the geometric growth of safety demands in specific 
industries, track the arithmetic growth of safety budgets, and 
correlate the gap with incident rates or regulatory actions.

The framework also has limitations. It assumes that safety demand 
naturally grows geometrically, which may not hold in all contexts. 
Some industries may experience stable hazard profiles; others 
may see sudden step-changes rather than smooth curves. The 
framework is most applicable to growing, complex organizations 
in hazardous sectors manufacturing, construction, chemicals, 
energy where the multiplication of risks is most evident.

Moreover, the framework does not resolve the ethical tension at 
its heart. Malthus’s positive checks were cruel; our safety positive 
checks are also cruel; in that they impose harm on workers for 
the organization’s failure to invest. The framework describes this 
cruelty but does not justify it. It offers, instead, a language for 
recognizing it and a logic for escaping it.

Conclusion
Thomas Malthus wrote about population and food, not about 
factories and hard hats. But the logic he articulated-exponential 
demand, linear supply, inevitable tension, the choice between 
reactive crisis and proactive prudence-speaks directly to the 
dilemmas of modern occupational safety. We have proposed that 
industrial safety operates within a “safety trap” analogous to 
the Malthusian trap. Safety demands grow geometrically; safety 
budgets grow arithmetically. The gap must be closed by checks. 
Positive checks-incidents, sanctions, workforce attrition are the 
safety equivalent of famine and disease: involuntary, inequitable, 
and ultimately ineffective. Preventive checks engineering controls, 
training, organizational learning are the equivalent of moral 
restraint: voluntary, disciplined, and sustainable. Organizations 
that understand this geometry can make better choices. They 
can prioritize investments that expand safety carrying capacity. 
They can avoid the oscillation of crisis and complacency. They 
can, in short, escape the safety trap not by denying scarcity, but 
by managing it wisely. Malthus was a pessimist about human 
nature but an optimist about human reason. He believed that if 
people understood the forces arrayed against them, they could 
choose prudence over passion. The same choice faces every safety 
manager with a budget smaller than their needs. We hope this 
framework makes the choice clearer.
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