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Abstract

Artificial intelligence is rapidly expanding productive capacity across modern economies, creating the expectation of
unprecedented prosperity, efficiency, and abundance. Yet increased productive capability does not automatically
translate into broad-based economic stability. When productivity growth outpaces wage-based purchasing participa-
tion, economies may become capable of producing more than households can sustainably absorb, creating a structural
gap between theoretical output and realized economic activity.

This interdisciplinary white paper applies classical economics, systems engineering, and control theory to examine
universal basic income (UBI) not primarily as a welfare construct, but as a potential stabilization mechanism within
an Al-amplified economy. Building conceptually from the Solow production framework, the paper introduces a real-
ization constraint: productive capacity alone is insufficient unless effective demand exists to convert output into sus-
tainable economic activity.

A closed-loop economic model is developed in which Al functions as an amplification factor, redistribution mecha-
nisms act as feedback, and economic efficiency is evaluated as the degree to which amplified productive capacity
becomes realizable output. The resulting framework reveals an inverted-U relationship between feedback strength and
sustainable economic performance: insufficient intervention leaves productive capacity unrealized, while excessive
intervention introduces systemic drag, distortion, and monetary risk.

The model is illustratively calibrated using Estonia as a controlled baseline and extended directionally to larger devel-
oped economies including the United States, Germany, Finland, and Canada. The analysis suggests that sustainable
UBI potential is materially bounded not by theoretical productive output alone, but by realization efficiency, redistri-
bution friction, population scale, and monetary constraints.

The core conclusion is that UBI, if pursued in the age of Al, should be understood less as unconditional entitlement
and more as a calibrated economic stabilization mechanism. The policy challenge therefore shifts from whether Al
can generate extraordinary output to how much of that output can be sustainably realized, redistributed, and preserved
without destabilizing the broader economic system.
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UBI Policy Feedback Architecture

Figure 1. The model below presents the paper’s central systems framework: Al amplifies productive capacity, while
calibrated feedback mechanisms seek to stabilize purchasing power and economic realization.
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1. The Age of Amplification

1.1. The Most Beloved Equation

Few equations are as widely recognized, or as widely admired,
as Albert Einstein’s:

E = MC? €Y

Often regarded as one of the most elegant expressions in sci-
ence, it encodes a profound insight: under the right conditions,
seemingly small inputs can produce disproportionately large
outcomes through amplification. The equation does not merely
relate mass and energy; it reveals that the structure of a system
can fundamentally transform scale itself. A relatively small
quantity of mass, when multiplied by the square of the speed
of light, yields an extraordinary amount of energy.

Yet amplification alone was never the full story.

Einstein’s equation revealed the magnitude of what was possi-
ble. The engineering challenge that followed was learning how
to harness, regulate, and safely control that power so that ex-
traordinary energy could be transformed from theoretical po-
tential into stable, usable systems. Breakthrough capability, by
itself, does not guarantee sustainable outcomes. Stability de-
pends on the control mechanisms surrounding amplification.

Artificial intelligence presents a modern parallel. Al represents
a new form of amplification—not of physical energy, but of
cognition, productivity, and economic output. Like prior trans-
formative technologies, its disruptive potential lies not merely
in the scale of capability expansion, but in the challenge of
governing that expansion without destabilizing the larger sys-
tem.

The central question, therefore, is not simply whether Al in-
creases economic capability. It is whether the economic sys-
tems surrounding that capability can remain stable as amplifi-
cation accelerates.

1.2. Amplification as a Systems Property

While Einstein’s equation belongs to physics, the underlying
principle extends far beyond it.

Complex systems are often defined not merely by their inputs,
but by how those inputs are amplified—and by whether that
amplification remains stable under increasing gain.

In linear systems, output scales proportionally with input. In
nonlinear or high-gain systems, output can scale disproportion-
ately due to embedded multipliers, feedback interactions, or
amplification effects.

This distinction becomes critical when analyzing modern eco-
nomic systems, where artificial intelligence acts not simply as
a productivity tool, but as a structural amplifier of output.

1.3. From Inputs to Production

Classical economic theory begins with a simple representation
of production:
Y=F(,L) (2)

Where:
Y = total output
K = capital
L = labor

This formulation reflects an economy in which output is gen-
erated through combinations of labor and capital inputs. How-
ever, this representation alone cannot explain sustained eco-
nomic growth.

1.4. Technology as an Amplification Term

To account for observed growth patterns, economists intro-
duced a productivity factor:

Y=A-F(K,L) 3)
Where:
A = total factor productivity (technology)

In the framework developed by Robert Solow—who was
awarded the Nobel Prize in Economic Sciences in 1987—ad-
vances in technology shift the production function upward, en-
abling greater output from the same levels of capital and labor.

A critical implication of this model is that capital accumulation
alone exhibits diminishing returns, and sustained growth arises
from improvements in A4, not simply increases in K or L
(Solow, 1956).

1.5. A Note on Model Extension

This paper builds on the Solow framework but extends it con-
ceptually.

The original model treats 4 as an exogenous driver of produc-
tivity. Here, 4 is interpreted more broadly—as an amplifica-
tion factor whose magnitude and rate of change are signifi-
cantly altered by modern technologies, particularly artificial
intelligence.

This extension is intentional.

The goal is not to modify the Solow model formally, but to
reinterpret its structure to analyze a regime in which amplifi-
cation becomes the dominant economic force.

Recent work recognized by the Nobel Prize in Economic Sci-
ences by Daron Acemoglu, Simon Johnson, and James A. Rob-
inson further reinforces the central tension explored in this pa-
per: technological progress can increase total economic output
while simultaneously creating structural disruption in labor
markets, institutional balance, and income distribution.

Their work emphasizes how institutions shape the distribution
of economic gains during periods of technological change,
while this paper extends the discussion by examining how
feedback mechanisms stabilize realization in an Al-amplified
economy.

The modern problem is not whether innovation increases
growth, it clearly does, but how economies remain stable when
the gains from that growth are unevenly distributed.
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Classical models explain how productivity expands output.
More recent work emphasizes how institutional structure, la-
bor displacement, and “creative destruction” shape who bene-
fits from that output.

This paper builds on that foundation but approaches the prob-
lem through a different lens:

not equilibrium alone, but feedback.

The central question is not simply how economies grow, but
how amplified output is converted into realizable, demand-
supported economic activity.

In this framework, UBI is examined not primarily as social
policy, but as a stabilization mechanism required when pro-
duction grows faster than income distribution.

Figure 1 provides a conceptual overview of the proposed pol-
icy feedback architecture. In this framework, Al acts as an am-
plification mechanism on productive capacity, realization con-
straints limit conversion into broad economic output, and cali-
brated redistribution feedback serves as a stabilizing control
layer for sustaining realized output.

1.6. Early Evidence of Amplification in Practice

Historical examples of technological change illustrate how in-
creases in A reshape production systems. One well-docu-
mented example is the introduction of automated teller ma-
chines (ATMs) in banking. Rather than eliminating labor out-
right, ATMs reduced the cost of routine transactions, enabling
banks to expand their branch networks (Bessen, 2016). Labor
was subsequently reallocated toward customer-facing and ad-
visory roles.

This reflects a broader pattern:

e Technology can reduce the labor required per unit of
output while enabling expansion at the system level.

As amplification increases, output becomes less dependent on
the quantity of inputs and more dependent on the structure of
the system that transforms them.

1.7. Bridge to the Central Question

Advances in artificial intelligence are rapidly increasing the ef-
fective value of 4.

This raises a fundamental question:

e If output can grow without a proportional increase in
labor,

e what happens to the mechanisms through which in-
come is distributed?

The remainder of this paper examines that question—first by
revisiting the foundations of production, and then by analyzing
the consequences of amplified output for economic stability
and distribution.

2. Al as a Shift in the Production
Function

2.1. From Movement Along the Curve to Shifting
the Curve

In classical economic theory, growth occurs in two fundamen-
tally different ways:

e Movement along the production function — In-
creasing inputs such as labor (L) and capital (K)
o  Shift of the production function — Improvement in
technology (4)
This relationship is formalized in the Solow production func-
tion:

Y=4A-F (K, L)
Where:
Y = Output
K = Capital
L = Labor

A = Technology (total factor productivity)

Traditional economic growth relies heavily on increasing in-
puts. However, as established in Section 1, this approach en-
counters natural limits due to diminishing returns.

Al represents a fundamentally different mechanism—it im-
proves A, enabling more output from the same inputs.
2.2. Historical Pattern of Technological Shifts

Across economic history, major technological advancements
have shifted the production function upward:

Table 1 Technology by Era

Era Dominant Tech- Effect on Production
nology
Pre-industrial Human & animal Low baseline productivity
labor
Industngl Mechanization Increased  output  per
Revolution worker
Information Computing & i Accelerated coordination
Age software and scale
Intelligent  sys- . Amplification of cognition
Al Era . .
tems and decision-making

Each transition increased output not by replacing labor en-
tirely, but by enhancing its productivity.

A practical example is the introduction of ATMs in banking:

e Routine transactions were automated

e Banks expanded branch networks

e Human roles shifted toward higher-value customer
interaction

This illustrates a key pattern: technology reallocates labor ra-
ther than eliminating it outright.

2.3. Diminishing Returns: The Constraint of In-
put-Driven Growth
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Before examining how Al shifts the production function, it is
important to understand the limitation of traditional growth.
Holding capital constant, the relationship between labor and
output follows:

aY
>0 (4)
0%Y
ﬁ <0 (5)

This implies:
e  QOutput increases as labor increases

e However, each additional unit of labor contributes
less than the previous one

The graph below illustrates this property;

Figure 2. [llustrative diminishing returns under input-driven growth
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Output increases with labor, but at a decreasing rate, illustrat-
ing diminishing marginal productivity.

This curve represents the core limitation of input-driven
growth:

Without improvements in technology, simply adding more la-
bor yields progressively smaller gains in output.

2.4. Al as a Shift in Total Factor Productivity

Technological progress alters this constraint by shifting the en-
tire production function upward.

Rather than moving along a fixed curve, improvements in A
create a new, higher production frontier.

As illustrated in Figure 3, each curve represents output as a
function of labor for a given level of technology, holding other
inputs constant. Successive upward shifts show how techno-
logical progress—and most recently Al, dramatically increases
output per unit of labor

Figure 3. Production functions across technological eras
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Industrial
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Labor Input (L)

Together, Figures 2 and 3 illustrate the transition from in-
put-constrained growth to technology-shifted growth.

Al does not simply increase output by adding more labor—it
increases the effectiveness of labor itself.

2.5. AI as Cognitive Capital

Al differs from prior technological advances in the type of ca-
pability it enhances:

e Industrial technologies amplified physical labor
e Computing amplified calculation and storage
e Al amplifies cognition—decision-making, reasoning,
and pattern recognition
This introduces a new conceptual category:

Al functions as cognitive capital
Unlike traditional capital:

e It scales rapidly across the organization
e It improves with data and usage
e It enables the replication of expertise

As aresult:

o Knowledge is no longer confined to individuals
e (Capability can be distributed at near-zero marginal
cost
2.6. Implications and Transition

The combination of diminishing returns and technological
shifts leads to a critical insight:
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e Input-driven growth is inherently constrained
e Technology-driven growth resets those constraints
e Al represents the most significant shift in 4 to date

This raises a fundamental economic question:

If Al continues to increase output independently of labor, what
happens to labor’s role in the economy?

3. Labor Substitution vs. Comple-
mentarity in the Age of Al

3.1. Defining Labor Categories in an Al Econ-
omy

The effects of Al on the economy ultimately manifest through
labor. While earlier sections described how output is ampli-
fied, this section examines how that amplification reshapes the
role, value, and distribution of human work

Al does not affect labor uniformly. It creates a structural split
between:

L.:1abor that is enhanced by Al
Lg: labor that is replaced by Al
Complementary labor (L.:) involves:

e judgment under uncertainty

e architectural decision-making

e synthesis of multiple inputs

e coordination across ambiguous or evolving systems

Examples include:

e  Physicians using Al-assisted diagnostics

e Senior software engineers designing architectures
and supervising Al-generated code

e Financial analysts performing scenario modeling

e Program and portfolio managers integrating Al-
driven insights

In these roles, Al acts as a force multiplier.
Substitutable labor (L,: ) involves:

routine, repeatable tasks
rule-based processes
standardized pattern execution

e limited contextual judgment
Examples include:

Call center agents handling standard inquiries

Data entry and document processing

Basic bookkeeping and reconciliation

Routine reporting and summarization

Repetitive software engineering tasks such as boiler-
plate code generation, standard testing, and routine
refactoring

In these roles, Al increasingly functions as a replacement
or partial automation mechanism.

Importantly, Al often substitutes tasks within occupations
before eliminating entire occupations themselves. Many
modern roles, including software engineering, contain
both complementary (L.) and substitutable (L;) compo-
nents. Al therefore tends to reconfigure task composition
before fully displacing labor.

3.2. Transitional Dynamics: Displacement Be-
fore Reconfiguration

Recent workforce reductions across technology and related
sectors have been partially attributed to Al-driven automation.
These developments highlight an important distinction:

While AI ultimately reconfigures work, the transition is
not frictionless.

In practice, organizations do not gradually rebalance labor be-
tween L and L. Instead, adjustments occur in discrete steps:

e Rapid reduction of roles dominated by routine tasks
e Slower creation and scaling of Al-complementary
roles
e Organizational restructuring around new operating
models
This creates a visible short-term effect:

¢ Displacement often occurs before reconfiguration.

Within the production function:

Y=A-F(K, L,-Al, Ly/AI) (6)
As Al increases:
o LJAIl->
immediate reduction in demand for substitutable la-
bor
o L -AIT—>

longerterm expansion of complementary labor
These adjustments are not synchronized.

The decline in substitutable labor (Ly) is typically faster and
more visible than the growth in complementary labor (L,).

Implication

Al can eliminate roles faster than new ones are created or re-
defined.

This explains observed patterns such as:

e layoffs in routine-heavy functions

e  hiring pauses during Al adoption

e lag between productivity gains and employment re-
covery

This transitional imbalance reinforces the broader argument:

e Long-term — output increases and labor is reallo-
cated
e  Short-term — displacement is real and uneven
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This gap between displacement and reallocation is a
key driver of income volatility and strengthens the case
for stabilization mechanisms such as UBI.

Importantly, many roles contain both elements.
Al does not eliminate entire jobs uniformly—it reconfigures
task composition within jobs, shifting effort from substituta-
ble to complementary activities.

As described in section 1 and to reinforce the transition, the
introduction of automated teller machines (ATMSs), reduced
the number of tellers required per branch. However, by lower-
ing operating costs, banks expanded the number of branches,
ultimately stabilizing, and in some cases increasing overall
employment.

Table 2 Task Reallocation in Banking (Illustrative)

Index Task Type Pre-ATM | Post-ATM
1 Routine Transactions 72 35
2 Cash Handling 68 30
3 Balance Inquiries 65 28
4 Check Processing 60 25
5 Account Maintenance 55 30
6 Customer Interaction 35 55
7 Product Advisory 30 60
8 Sales / Cross-Sell 25 65
9 Relationship Mgmt 20 70
10 Complex Issue Handling 18 75

Figure 4. Labor Transition from Routine to Complementary Tasks
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The table and figure make this shift explicit: routine, transac-
tion-based activities decline, while advisory and customer-fac-
ing functions expand. This reflects a reallocation of effort from
substitutable labor (Lg) to complementary labor (L), con-
sistent with the production framework developed in this sec-
tion.

More broadly, this illustrates a general principle of technolog-
ical change:

technology reduces labor intensity at the task level
while expanding output at the system level.

In the context of Al, however, the adjustment is neither gradual
nor evenly distributed. The displacement of routine tasks can
occur rapidly, while the expansion of complementary roles
takes longer to materialize, creating a meaningful gap between
displacement and reconfiguration.

The distinguishing feature of the current Al cycle is the speed
of adjustment: displacement occurs rapidly, while reconfigu-
ration lags, creating a potentially prolonged mismatch between
labor displacement and economic reconfiguration.

3.3. Complementarity: Al as a Productivity Mul-
tiplier

Building on this framework, we now formalize the interaction
between Al and different types of labor.

At a practical level, complementarity means this: AI makes

certain types of human work more valuable, not less:
oy >0 7
dL, 0Al 7

This captures a simple interaction:

e As Al increases, each additional unit of complemen-
tary labor becomes more productive.

Here, L, represents raw labor capability, while Al acts as a
separate input that enhances its effectiveness.

To make this explicit:
Y=A-F(K, L,-Al, L;/Al)
e L.-Al: Al amplifies complementary labor

e L /AI: Al reduces the relevance of substitutable la-
bor

3.4. Substitution: AI as a Replacement Mecha-
nism
Substitution is defined by:
%Y

oL, a1 = ° ®

As Al increases, the marginal productivity of substitutable la-
bor declines, leading to reallocation within the production sys-
tem. In practice, this reallocation often manifests as workforce
reductions, as firms eliminate roles dominated by routine tasks
before new Al-complementary roles are fully established.

Al does not eliminate labor uniformly—it selectively replaces
tasks where it is more efficient.

3.5. Reallocation of Productive Contribution
The term:
Ly/AI

captures the declining economic relevance of substitutable la-
bor as Al capability increases.

Importantly, this should not be interpreted as implying that to-
tal output necessarily declines as Al adoption rises.
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The effect is compositional, not purely subtractive.
Holding total labor constant:

e the effective contribution of substitutable labor (L)
declines as routine tasks become increasingly auto-
mated;

e the effective contribution of complementary labor
(L) rises as Al amplifies higher-value human work.

The net effect can be expressed as:
AY = AYL,. — AY L, 9

This relationship captures the central production transition in-
troduced by Al

As Al expands, output generation shifts away from routine la-
bor dependence and toward Al-augmented complementary
contribution.

Total output increases when gains from complementary labor
exceed losses associated with substitutable labor.

In this sense, Al reallocates productive contribution rather than
reducing productive capacity outright.
3.6. Income Distribution: Why Wages Diverge

Wages track marginal productivity of labor:

w = MPL (10)
Given:
e MPLL,T
e MPLL,!

We observe arise in complementary labor wages and a decline
in substitutional labor wages:

w, T wg |
This leads to:
e income divergence

e concentration of gains in Al-complementary roles
e crosion of routine and middle-skill work

3.7. Structural Break: Output vs. Labor Share

Labor’s share of output can be expressed as:

w.L
Labor Share = -V (11D

where w is the average wage, L is total labor, and Y is total
output.

At the firm level, this relationship can be observed directly.
Consider a firm with revenue R, workforce L, and average
wage w. Labor share is:
w.L 12

- (12)
Suppose a firm generates revenue of 100, pays total wages of
60, and thus has a labor share of 60%. Following Al adoption,
revenue increases to 140 due to higher productivity, while the
total wage bill rises modestly to 63. Labor share then becomes:

63 _ 45%
140 7

In this case, both output and total labor income increase, but
labor’s share declines because revenue grows faster than
wages.

Recent developments in large technology firms reflect a simi-
lar pattern. For example, Meta Platforms reduced headcount
materially during its “Year of Efficiency,” while revenue and
profitability remained strong. This resulted in higher output
per employee, illustrating how firms can scale output through
Al-driven efficiency without proportional increases in labor.

This dynamic generalizes to the broader economy. When Al
disproportionately amplifies complementary labor while re-
ducing the contribution of substitutable labor, aggregate output
can expand even as labor income grows more slowly. For-
mally, labor share declines whenever:

wils _ 1

(13)

Wolo Yo

The result is a structural break: productivity and output con-
tinue to rise, but the link between output growth and broad-
based income growth weakens.

This divergence sets the stage for the next section, which ex-
amines how Al-driven shifts in labor composition translate
into changes in income distribution and economic stability.

3.8. The erosion of broad-based purchasing
power

Figure 5. lllustrative Redistribution of Effective Purchasing Partici-
pation Under Al Amplification
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This figure conceptually illustrates how Al-driven productiv-
ity gains may alter the distribution of effective purchasing par-
ticipation in the economy.

The pre-Al curve represents a broad middle purchasing base,
where a large share of economically active participants pos-
sesses sufficient income to support aggregate consumer de-
mand.
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The post-Al curve illustrates a potential polarization effect:
more participants shift toward lower purchasing power due to
labor substitution, wage compression, underemployment, and
in some cases reduced labor-force participation, while a
smaller affluent segment captures a larger share of productivity
gains through capital ownership, Al-enabled leverage, and
higher-value complementary labor.

The erosion of the broad middle reflects weakening aggregate
consumer demand.

Importantly, the smaller total area under the post-Al curve
does not imply a smaller total population; rather, it reflects re-
duced effective economic participation—the share of the pop-
ulation actively generating purchasing demand, including
cases of underemployment, labor-force withdrawal, or eco-
nomic marginalization.

This distinction is central to the model.

Al can increase theoretical productive capacity while simulta-
neously weakening the effective demand base required to real-
ize that capacity.

In this sense, the figure provides the visual bridge between de-
clining labor share and the need for stabilizing feedback mech-
anisms such as UBL

This erosion is not merely a distributional outcome, it is a
structural precondition for instability. When a sufficiently
large share of the population loses effective purchasing partic-
ipation, aggregate demand can no longer keep pace with pro-
ductive capacity. Firms continue to produce, but households
cannot buy. The result is not simply inequality but a demand-
constrained system: output rises theoretically while consump-
tion lags structurally.

Without intervention, this gap between production and realiza-
tion widens as Al amplifies capacity further. Thus, the figure
does not only illustrate polarization—it signals the emergence
of a system-level imbalance that requires a corrective feedback
mechanism.

Historical note: The U.S. economy has already exhibited par-
tial labor-market polarization (McKinsey Global Institute,
2023), during prior waves of automation and globalization,
particularly since the late twentieth century, where middle-
skill employment contracted while gains accumulated dispro-
portionately in both lower- and higher-skill segments. AI may
accelerate and deepen this structural pattern.

3.9. UBI as a Stabilizing Mechanism

The preceding section identified a structural imbalance be-
tween production and consumption. Before formalizing UBI
as a feedback mechanism, it is useful to restate why such a
mechanism becomes necessary under Al-driven amplification.
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As established, Al-driven growth can increase total output
while reducing labor’s share of that output. This creates a
structural imbalance between production and income distribu-
tion — and, consequently, between production and consump-
tion.

Because consumption in modern economies is largely driven
by labor income, a decline in labor share weakens aggregate
demand. Formally:

Cx(w-L) (14)
If output grows faster than labor income:
ay S d(wL) 15
Y wL (15)

then production expands faster than the income available to
support it.

This introduces a system-level instability:
the economy becomes increasingly capable of producing out-
put that it cannot fully absorb through consumption.

If output rises but income distribution becomes uneven:
UBl=1-Y (16)
Where:

t=the fraction of total economic output redistrib-
uted as UBI

UBI serves as:

e redistribution of Al-driven gains
e support for aggregate demand
e a stabilizing feedback mechanism in the economic
system
3.10. Synthesis

Al operates through two simultaneous mechanisms:

e  Amplification of complementary labor
e Reduction in relevance of substitutable labor

The result:
Higher total output, but uneven distribution of that output.

The next section examines how these effects translate into sys-
tem-level economic stabilization.

4. System Stabilization: Universal
Basic Income as Economic Feed-
back

4.1. From Inequality to Instability

Section 3 demonstrated that Al-driven production introduces a
structural divergence:

Output grows rapidly:
Y, >Y,
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Labor share declines:
w;yL; <wglL,
This is not merely inequality—it is system imbalance.

In classical economics, consumption is largely driven by labor
income. When labor income declines while output increases, a
fundamental mismatch emerges:

e Production capacity rises
e  Consumption capacity weakens

At scale, this creates a demand-constrained system.

This is the first critical insight:
An Al-accelerated economy can produce more
than it can sustainably consume.

Without correction, this leads to:

Demand shortfalls
Overcapacity

Asset concentration
Increased volatility in growth

This is not a social problem alone—it is a macroeconomic
stability problem.

4.2. Why Market Self-Correction Is Insufficient
A common assumption is that markets will rebalance:

e Lower wages — lower costs — lower prices —
higher demand

However, this mechanism weakens under Al-driven substitu-
tion:

1. Marginal cost approaches zero
Al systems scale without proportional labor input.

2. Income distribution becomes highly skewed
Gains accrue to capital owners rather than wage
earners.

3. Consumption does not scale with productivity
High-income households have lower marginal pro-
pensity to consume.

The result:
Productivity gains decouple from broad-based demand.
In classical control systems terms:

e  The system operates increasingly open-loop
e There is no automatic feedback restoring equilib-
rium

4.3. Reframing UBI: Not Welfare, but Feedback

Control

Universal Basic Income (UBI) is often framed as redistribu-
tion.

This framing is incomplete.
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Within a systems perspective, UBI functions as:

A feedback mechanism that stabilizes the relationship be-
tween production (Y) and consumption (C)

We can express this intuitively:

e  Without intervention:
C xwL a7

e With UBL:
CxwL +T (18)

Where:
e  T=transfer mechanism (UBI)

UBI introduces a direct coupling between system output and
consumption capacity.

4.4. Control Systems Interpretation

This section adopts a control-systems perspective, applying es-
tablished principles of feedback and system stability to eco-
nomic dynamics. For a more detailed exposition of this frame-
work, see the author’s prior work “Why Effective Program
Management Is a Control Systems Problem” on feedback-
driven execution systems.

Within this framework:

e Plant (G): Al-driven production system

e Output (Y): Economic output

e Reference Demand Level (R): Purchasing power re-
quired to sustain economic absorption

e Feedback (H): Income redistribution mechanisms
(e.g., UBI)

Figure 6 illustrates the economy as a closed-loop control sys-
tem:

Figure 6. Economy as a closed-loop system

Control Layer for Economic Stability

Demand | Realization

Requirements |  Gap

Al Production Economic Output

asegq Jejsuel]

Redistributed

The Al-driven economy can be conceptually represented using
the structure of a classical closed-loop feedback system
(Ogata, 2010):

y = G(s) R(s) 19)

T 1+G6HmHE ¢ (

where the variables retain the economic interpretations defined
above, expressed here in standard control-systems notation.
In this framework, Al increases productive amplification
through G(s), enabling the economy to generate more goods
and services with less proportional dependence on labor.
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However, productive capacity alone does not guarantee reali-
zation.

If household purchasing power does not keep pace with pro-
duction, the economy develops a realization gap: firms can
produce more than consumers can sustainably absorb.

The feedback loop addresses this imbalance by recirculating a
portion of economic output back into households through re-
distribution mechanisms such as UBIL.

The system’s corrective behavior is governed by the classical
control error signal:

e(s) =R(s) —H(s)Y(s) (20)
Where:

e R(s) = required purchasing power needed to sustain
economic absorption,

e H(s)Y(s) = redistributed purchasing power returned
through feedback,

e ¢(s) = the economic shortfall between required and
available purchasing power.

In economic terms, this error represents the realiza-
tion gap developed throughout this paper: the differ-
ence between what the economy is capable of produc-
ing and what can actually be sustained through effec-
tive household demand.

As Al-driven productivity increases system gain, this shortfall
can widen unless corrective feedback mechanisms restore bal-
ance.

Without feedback:
e  output expands,
e labor income weakens,
e purchasing power lags,
e demand becomes insufficient,
e instability increases.

With calibrated feedback:

purchasing power is partially restored,
aggregate demand better aligns with production,
realization improves,

long-run stability is preserved.

In classical control systems terms:

e If H(s)=0: the economy behaves increasingly open-
loop, amplifying production without a self-correcting
demand response.

o IfH(s)>0: the economy behaves as a closed-loop sys-
tem, where feedback helps stabilize the relationship
between production and purchasing power.

In classical control terms, this error signal represents the mis-
match the feedback system seeks to reduce over time. In the
present economic framework, the concept is interpretive rather
than dynamically simulated; the purpose is to illustrate how
feedback mechanisms such as UBI can reduce the gap between
productive capacity and effective demand.
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This paper uses control-systems structure conceptually to rea-
son about stabilization behavior, while adopting a steady-state
economic approximation for tractable policy analysis.

The calibration model developed in the next section therefore
shifts from this dynamic control interpretation to a simplified
economic steady-state approximation, focusing on long-run re-
alizable output rather than time-dependent system behavior.

Note: Equation (19) is used as a structural control-system
analogy to illustrate feedback stabilization, not as the final
economic output model. The later steady-state model modifies
this structure by separately modeling realization benefits
(a+bH) and feedback costs (1—kH).

4.5. The Stability Condition
We can now define a simple stability condition:

For the system to remain stable, growth in consumption (C)
must track growth in production.

In differential form:

dc dy 21
dt ~ dt 1)

Without UBI:
dac ay

dt  dt
With UBI:
dc dy

dt dt

This is the core argument:

UBI is required not to equalize outcomes, but to synchronize
system dynamics.

4.6. Calibration: The Risk of Overcorrection
As with any feedback system, calibration is critical.
e Too little feedback (low H):

o Persistent inequality
o Demand shortfall
o  Economic instability

e Too much feedback (high H):

o Reduced incentives for productivity

o Fiscal inefficiency and coordination drag

o Inflationary pressure if corrective spending
outpaces productive capacity

o Potential economic instability

This mirrors the trade-off established in the author’s earlier pa-
per:

e  Stability vs. throughput
e  Control vs. efficiency
Thus:

UBI must be optimized, not maximized.
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4.7. Toward a Closed-Loop Economic System
We can now restate the broader thesis:

e Al accelerates production (increases G)

e Labor income becomes increasingly decoupled from
output growth

e  The system drifts out of equilibrium

UBI helps restore economic stability by:

e Reintroducing feedback
e  Aligning consumption with production
e Stabilizing long-term growth

This transforms the economy from:

e  Wage-driven economic system —
e Feedback-regulated economic system

We now arrive at a critical question:

If UBI is a stabilizing mechanism, how should it be designed,
funded, and governed?

Section 5 formalizes the calibration framework required to
evaluate feasible stabilization bounds.

5. Calibrating Stability: The Eco-
nomic Model

5.1. Revisiting the System (Fig. 6)

We begin by returning to Figure 6, which presents the econ-
omy as a feedback control system.

In this representation:

R = baseline economic demand (reference GDP)
G = Al-amplified productive capacity

Y = realized economic output

H = feedback strength (redistribution mechanisms such as
UBI)

The system operates as a closed loop, where output is contin-
uously shaped by both productive capacity and feedback.
In its simplest form, the relationship can be written as:
G
=1iven ¥
This equation captures a key idea:

As feedback increases, the system becomes more stable—but
also more constrained.

It is important to clarify that H is not a direct dollar amount,
tax rate, or literal UBI payment. Rather, A represents the ef-
fective strength of economic feedback: the degree to which
purchasing power is recirculated back into the economy
through redistribution mechanisms.

In practical terms, H may include:

e  direct income transfers
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tax credits

wage supplements

public benefits

other mechanisms that restore household purchasing
power

The purpose of H is not simply redistribution. Its purpose is to
reconnect production with consumption so that amplified out-
put can be realized rather than left unused.

Thus, a higher H does not automatically mean proportionally
larger cash transfers. It means stronger feedback between pro-
duction and demand.

This distinction is important because the model is not arguing
for maximum redistribution. It is arguing for calibrated feed-
back: enough to stabilize demand, but not so much that the sys-
tem becomes inefficient or overly constrained.

5.2. Why Amplified GDP Is Not Fully Realized
Without Feedback

The base equation assumes that productive capacity converts
fully into realized output.

In practice, this assumption breaks down.

As discussed earlier, Al increases productive capacity, what
we can think of as amplified GDP:

Amplified GDP = G - R

This represents the economy’s potential output under higher
productivity conditions.

However, potential output is not the same as realized output.

Even if firms can produce more goods and services, house-
holds must still possess sufficient purchasing power to absorb
that output through consumption.

When income becomes concentrated and labor share declines,
demand can lag production.

The result is a realization gap:

the economy becomes capable of producing more than it
can sustainably consume.

This distinction is central to the model.

Al increases productive capability, but without sufficient feed-
back, additional productive capacity does not automatically
translate into stable economic output.

5.3. The Cost of Feedback (kH)

In real systems, feedback is not free.

In engineering, applying control requires energy, computa-
tion, and coordination.
In an economy, redistribution requires:

e Revenue collection

e Administrative systems

e Compliance and policy enforcement
We capture this using a simple term:
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kH
Where:
e  H = strength of redistribution
e k= cost per unit of redistribution

In plain terms:

kH represents the administrative and economic cost
of running the feedback system.

This includes:
e  Bureaucratic overhead
e Inefficiencies in distribution
e Economic distortions and implementation inefficien-
cies

These costs reduce the effective output available to the system.
We incorporate this as:
(1—kH)

This reflects an important tradeoff:
feedback improves stability, but excessive feedback increases
system drag.

UBI must therefore be calibrated, not maximized

5.4. Economic Realization Improves with Feed-
back (a + bH)

As discussed in Section 5.2, technology (A) increases produc-
tive capacity—what we refer to as amplified GDP:

Amplified GDP =G - R
However, not all of this amplified GDP is actually realized.

Economic realization refers to the portion of productive ca-
pacity that is actually purchased, consumed, and sustained.

‘Why Economic Realization Is Incomplete at Low Feedback

At low levels of feedback (H = 0):
e Income is unevenly distributed
e Household purchasing power is limited
e Demand cannot fully absorb supply

As aresult:

The economy has the capacity to produce more, but cannot
fully exploit that capacity.

Only a fraction of amplified GDP is realized.
How Feedback Improves Economic Realization

As feedback increases (through UBI):

e Income becomes more broadly distributed
e Household demand stabilizes
e  More goods and services are purchased

This allows the economy to exploit more of its amplified ca-
pacity.
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Because the broader framework draws from control-systems
thinking, we adopt a first-order approximation for analytical
tractability. While real economies are more complex and likely
nonlinear, this simplified relationship captures the essential di-
rectional behavior between feedback and realization.

We capture this as:
Economic realization = a+bH
Where:
a = baseline realization at low feedback (a<1)

The parameter a represents the fraction of amplified productive
capacity that the economy can convert into sustained output in
the absence of meaningful corrective redistribution feedback.

In other words, a captures baseline economic realization before
feedback mechanisms are introduced.

Because household purchasing power is unevenly distributed,
aggregate demand is constrained, and markets and households
require time to absorb newly expanded productive capacity,
economies rarely realize their full theoretical productive ca-
pacity automatically.

As aresult, even when Al materially expands output potential,
only a fraction of that capacity is converted into sustained eco-
nomic activity unless feedback mechanisms broaden effective
demand.

b = responsiveness of economic realization to feed-
back

The parameter b captures how effectively redistribution re-
stores broad-based purchasing participation and converts latent
productive capacity into realized economic output.

As illustrated in Figure 5, Al-driven labor displacement and
income concentration can shift the purchasing-power distribu-
tion away from a broad middle and toward a more polarized,
bimodal structure, where a larger share of households possess
limited effective demand while a smaller affluent segment ac-
cumulates disproportionate wealth.

Because lower- and middle-income households exhibit higher
marginal propensities to consume than wealth-concentrated
households, redistribution can produce a stronger immediate
demand response.

In this framework, b captures the extent to which feedback
mechanisms such as UBI partially reverse the structural ero-
sion shown in Figure 5 by shifting purchasing participation
back toward the center of the distribution.

As this rebalancing occurs, aggregate demand becomes more
responsive, allowing the economy to convert a greater share of
its amplified productive capacity into realized output.

H = strength of redistribution
In plain terms:

a + bH represents how much of the economy’s amplified GDP
can actually be realized and sustained as feedback increases.
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At low levels of feedback, production capacity exceeds the
economy’s ability to absorb it. As feedback increases, income
becomes more broadly distributed, effective demand strength-
ens, and the economy is able to activate a larger portion of its
productive potential. In this sense, a+bH represents the degree
to which amplified productive capacity is converted into sus-
tainable realized output rather than left unrealized

Importantly, the baseline realization parameter a is materially
shaped by the labor dynamics introduced earlier.

When Al complements labor (L.), income remains more
broadly distributed, household purchasing power is preserved,
and aggregate demand remains relatively strong, supporting
higher baseline realization.

When Al substitutes for labor (L), income becomes more con-
centrated, weakening aggregate demand and reducing the frac-
tion of amplified output that can be economically realized. In
this way, labor substitution and complementarity materially in-
fluence how much of amplified GDP is converted into sus-
tained economic output.

5.5. Two Opposing Forces Acting on the System
We now have two effects driven by the same variable, H:
1. Stabilization Benefit (Positive Effect)

a+bH

e This effect reflects real-world demand dynamics,
where broader income distribution leads to higher
consumption and more complete utilization of pro-
duction capacity.

2. Feedback Cost (Negative Effect)
kH

e  These costs are observable in practice through admin-
istrative overhead, compliance systems, and the eco-
nomic distortions introduced by taxation and redistri-
bution policies.

Key Insight

Feedback both enables the system to exploit its capacity and
imposes a cost for doing so.

e Atlow levels of H: realization gains dominate
e At high levels of H: redistribution cost dominates

The system is therefore not limited by what it can produce,
but by what it can economically realize.

This creates a natural tension: the same mechanism that stabi-
lizes the system also limits its efficiency.

5.6. Bringing the System Together

Bringing these components together, we arrive at the full eco-
nomic system:

e Core system behavior

e  Economic realization

e Cost of feedback
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This equation captures the full steady-state interaction:
e G (driven by A) amplifies productive capacity
1

. represents the stabilizing effect of closed-loop
1+GH

feedback
e @ + bH determines how much of that capacity is eco-
nomically realized

e | - kH captures the cost of maintaining redistribution
and feedback

Together, these terms show that economic performance is not
determined by production alone, but by the balance between
amplification, demand realization, stabilization, and the cost of
sustaining feedback.

This balance is inherently delicate. Too little feedback leaves
amplified productive capacity unrealized, creating instability
through weak demand. Too much feedback introduces sys-
temic drag through cost, distortion, and inefficiency.

As with any engineered control system, stability depends not
on maximum correction, but on precise calibration.

The economy is therefore constrained not by what it can
theoretically produce, but by how effectively Al-driven
productive capacity is converted into stable, realizable
growth.

5.7. Evaluating System Efficiency

Having established the full system, the next question is how to
evaluate its performance across different levels of feedback.
Because the objective is not simply to maximize production,
but to maximize sustainable realized output, a useful lens is
system efficiency:

n=x (23)

where:

1) represents system efficiency
e Y is realized output
e R s baseline economic demand or reference GDP

Substituting the full model:

B (G(a + bH)

T CH )(1 — kH) (24)

Efficiency reflects how much of the economy’s productive po-
tential is actually converted into sustainable realized output.

e Low H — under-consumption and unused productive
capacity

e High H — excessive redistribution cost and reduced
efficiency

e Balanced H — maximum realization and stable per-
formance
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Efficiency here measures sustainable economic realization—
not gross production. The objective is not maximum redistri-
bution, but maximum realizable output.

5.8. The Resulting Inverted-U Relationship

When system efficiency is evaluated across varying levels of
feedback strength H, the result is a clear inverted-U relation-
ship between feedback strength and sustainable economic per-
formance.

Figure 7. Calibrating Economic Performance: Role of UBI
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‘What the Curve Represents

The interaction between realization gains and redistribution
cost produces an inverted-U relationship between feedback
strength and economic performance.

At low levels of feedback, productive capacity expands, but
insufficient purchasing power prevents full economic realiza-
tion.

As feedback increases, purchasing power broadens and a
larger share of amplified output becomes sustainably realiza-
ble.

Beyond the optimal point, redistribution cost outweighs stabi-
lizing benefit, reducing overall system efficiency.

The peak of the curve represents the optimal calibration
point—the level of feedback at which the economy most ef-
fectively converts amplified productive capacity into stable,
realized output.

Importantly, the illustrated peak at approximately H=0.55 cor-
responds to the Estonia calibration examined in the following
section. This value is not intended as a universal economic
constant, but as a scenario-specific example demonstrating
how the model behaves when applied to a real economy.

Different economies will produce different optimal feedback
values depending on:

baseline realization efficiency (a)
responsiveness of demand to redistribution (b)
redistribution cost (k)

structural economic characteristics

The broader insight remains consistent:
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Too little feedback leaves productive capacity unreal-
ized. Too much feedback introduces destabilizing
cost. Sustainable economic performance lies in cali-
brated balance.

5.9. Interpreting the Peak

The inverted-U relationship is not imposed arbitrarily; it
emerges directly from the structure of the model.

The peak represents the feedback level at which the marginal
gains from improved economic realization are exactly offset
by the marginal cost of maintaining redistribution.

Using the simplified efficiency function:

n=G(a+bH)(1—kH) (25)

Note: To isolate the economic tradeoff between realization
gains and redistribution cost, we temporarily hold the

.7 . 1
closed-loop stabilization term, o constant.

the optimal feedback level occurs where efficiency reaches its
maximum. Solving for the turning point gives:

e = b —ak 26
~ 2bk (26)
where:
e Hx = optimal feedback strength (the peak of the in-
verted-U)
e a, b, and k retain their previously defined economic
meanings

This expression shows that the peak is a structural property of
the system, not a chosen assumption.

The parameter k does not create the peak—it determines where
it occurs:

e Lower k (low redistribution friction) shifts the peak
outward, allowing stronger feedback before system
drag dominates

e Higher £ (high redistribution friction) shifts the peak
inward, causing efficiency to decline earlier

Different economies therefore exhibit different optimal feed-
back levels.

The policy objective is not to maximize redistribution, but to
identify the feedback strength that maximizes sustainable real-
ization.

5.10. Key Takeaway

Al increases productive capacity, but productive capacity
alone does not guarantee economic stability.

The central constraint is realization: whether amplified pro-
ductive capacity can be converted into sustainable household
purchasing power.

In this framework, UBI is not primarily a welfare transfer, but
a stabilization mechanism.
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Its purpose is not to maximize redistribution, but to preserve
the feedback necessary for a demand-supported, stable econ-
omy.

We now move from theory to application by calibrating the
model against Estonia, using GDP and population data to esti-
mate sustainable feedback levels, estimated sustainable UBI
per citizen, and practical stability bounds.

6. Real-World Calibration: Estonia,
the U.S., and the Limits of UBI

6.1. Why Estonia

The framework developed in Section 5 establishes that UBI
functions as a stabilization mechanism rather than a simple
welfare transfer. The next step is to test that framework against
real economies.
To move from theory to application, we begin with Estonia—
a digitally advanced, transparent economy of manageable
scale.

e GDP (R)=$47.0B

e Population =~ 1.37M

Estonia provides an effective starting point because system-
level economic dynamics can be translated more directly into
per-citizen outcomes. Its relatively small size, strong digital in-
frastructure, and administrative efficiency make it particularly
suitable for examining how Al-driven productivity gains inter-
act with redistribution and economic stability.

However, Estonia is not the conclusion of the model—it is the
controlled baseline.

The broader objective is comparative.

By beginning with Estonia and then extending the same reali-
zation framework to larger economies such as Finland, Ger-
many, Canada and the United States, we can examine how
GDP scale, population size, redistribution cost, and monetary
constraints shape the practical limits of UBI.

This allows a central question to be tested:

Can Al-driven productivity gains generate sustainable univer-
sal income, or does realization remain the true economic con-
straint?

The answer, as this section will show, depends less on total
output and more on how efficiently productive gains are con-
verted into broad-based purchasing power.

UBI sustainability is therefore a function of system efficiency,
not simply national wealth.

6.2. A Simple Thought Experiment

Imagine Estonia introduces Al systems that increase produc-
tive capacity by 30%.

Businesses produce more efficiently. Services scale faster. Ad-
ministrative processes accelerate.

On paper, the economy expands.
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But a critical question remains:

Who has the purchasing power to absorb that additional out-
put?

If Al gains accrue primarily to capital while labor income
grows slowly—or declines through substitution—consump-
tion does not rise proportionally.

The economy becomes capable of producing more than it can
sustainably realize.

This is the central distinction between capability and realiza-
tion.

6.3. From Capability to Realization

The Estonia scenario can now be interpreted directly through
the model developed in Section 5:

G captures Al-driven expansion of productive capacity

a + bH determines how much of that capacity becomes eco-
nomically realized through effective demand

kH captures the cost of maintaining redistribution and feed-
back stability

Al increases productive capability.

The central question is how much of that capability becomes
sustainable realized output.

The problem is therefore not production alone, but conversion:

how amplified productive capacity becomes demand-sup-
ported economic growth.

6.4. Estonia Scenario — What Actually Happens

Using Estonia’s approximate 2025 GDP of $47 billion, we ap-
ply the full model under an illustrative Al productivity uplift
of 30%:

G=1.30
This increases theoretical productive capacity to:
47Bx1.30=61.1B

However, productive capacity alone does not determine real-
ized output.

We calibrate the remaining parameters to reflect Estonia’s
structural characteristics as a small, digitally efficient econ-
omy:

e a=0(.78 (baseline realization efficiency)

e b =0.40 (responsiveness of demand realization to re-
distribution feedback)

e k = 0.33 (redistribution friction / implementation
cost)

These parameters are heuristic scenario assumptions chosen to
illustrate model behavior rather than empirically estimated na-
tional constants.
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A baseline realization efficiency of 78% assumes that most
productive capacity is typically realized, while some output re-
mains unrealized due to demand friction, transition lag, and
uneven purchasing participation.

A responsiveness factor of 0.40 assumes redistribution pro-
duces a meaningful but partial demand response. In practice,
not every transferred dollar becomes immediate domestic eco-
nomic realization; some is saved, some leaks into imports, and
some is absorbed gradually.

A redistribution cost factor of 0.33 reflects the reality that even
efficient systems incur administrative overhead, policy fric-
tion, and economic distortion, though Estonia’s digital public
infrastructure suggests materially lower redistribution friction
than larger, more complex economies.

H represents effective feedback strength and is varied from
low redistribution to high redistribution.

Applying the optimal feedback expression from Equation (26):

. 04—(0.78)(0.33)
0= 2(0.4)(0.33)

Rounded, this gives the illustrative optimal feedback level:
H*=0.55
Efficiency is evaluated using Equation (23):
n=Y/R
Substituting the simplified Estonia realization model:
Y=G(a+bH)(1—-kH)R
Gives:
n==G(a+bH)(1—-kH)
Using the Estonia calibration at H=0.55:
n = 1.30(0.78 + 0.40(0.55))(1 — 0.33(0.55))
n = 1.30(1.00)(0.8185)

= 1.06
Applying the model:
Table 3 Estonia Outcomes
H Y ($B, 2025) | UBI ($/year)
0.0 47.7 1.01 $0
0.55 50.0 1.06 ~$2,200
0.9 49.0 1.04 ~$1,400

Because efficiency is measured relative to baseline GDP ra-
ther than amplified productive capacity, values above 1.0
indicate output exceeding the pre-Al economic baseline.

In this illustrative calibration, Estonia achieves its highest
sustainable realized output near H=0.55, where Al-ampli-
fied productive capacity is converted most efficiently into
economically realizable growth.

6.5. Reading the Results
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The outcome is not intuitive.

Even with a 30% increase in productive capacity, the dis-
tributable surplus remains bounded.

Low Feedback (H = 0)
The economy gains productive capacity, but insufficient pur-
chasing power prevents full realization.

e Demand remains weak
e  OQOutput rises only modestly above baseline
e  Productive capacity exists, but remains underutilized

This is the realization gap described earlier.
Balanced Feedback (H = 0.55)

The system reaches its most effective state.
e Demand stabilizes
e Realization improves
e Efficiency peaks

At this calibration:
Y=50B

This translates into a modest but meaningful distributable sur-
plus:

Relative to Estonia’s baseline GDP:
50.0B — 47.0B = 3.0B
[lustrative distributable surplus per citizen:
3.0B/1.37M =~ $2,190
Rounded:
~$2,200 per citizen annually

This represents the model’s optimal sustainable state, not max-
imum redistribution.

High Feedback (H = 0.9)

Additional redistribution continues to support demand, but the
cost of maintaining feedback begins to dominate.

e System drag increases
e Efficiency declines
e Additional transfers generate diminishing returns

The system becomes more redistributive, but less economi-
cally efficient.

6.6. What This Means for Estonia

For Estonia, the implication is clear:

Al meaningfully increases productive capacity, but productive
amplification alone does not automatically translate into large
distributable surplus.

Most of the gain is first consumed by the system’s own stabi-
lization requirements—restoring purchasing participation,
maintaining demand alignment, and offsetting redistribution
friction.
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As a result, the sustainable distributable surplus remains lim-
ited.

UBI, in this framework, is therefore not a windfall mechanism.
It is a stabilization instrument.

The objective is not to maximize transfers, but to calibrate suf-
ficient feedback to preserve demand-supported economic
growth without imposing excessive system drag.

In practical terms, the optimal point (H=0.55) does not corre-
spond to a single policy instrument, but to a calibrated combi-
nation of mechanisms that restore household purchasing power
while preserving productive efficiency.

These may include:

modest direct income support
efficient tax redistribution

labor transition assistance

wage supports

low-friction administrative delivery

The broader lesson extends beyond Estonia:

Al-driven prosperity is constrained not by productive capabil-
ity alone, but by how efficiently amplified output is converted
into sustainable broad-based realization.

6.7. Labor Still Matters

The sustainability of the model ultimately depends on how Al
interacts with labor.

Al does not affect all work uniformly. Its economic impact is
shaped by the balance between:

e Labor substitution (L;) where Al replaces routine
and repeatable work

e Labor complementarity (L.) where Al enhances hu-
man judgment, decision-making, and higher-value
contribution

These two paths produce materially different macroeconomic
outcomes.
When Al primarily drives substitution:

e labor share declines

e income becomes more concentrated

e household purchasing power weakens

e aggregate demand deteriorates

In this case, corrective redistribution becomes increasingly
necessary simply to preserve baseline economic stability.

UBI may be required not to create prosperity, but to prevent
realization failure.

When Al primarily drives complementarity:
e labor remains economically connected to output
e wages remain more broadly distributed
e household demand remains stronger
e Dbaseline realization (a) improves naturally

In this scenario, less corrective intervention is required be-
cause the system remains more self-stabilizing.
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This distinction is critical.

The long-term sustainability of redistribution depends not only
on how much Al increases output, but on whether AI comple-
ments labor or substitutes for it.

6.8. Scaling Reality: The U.S. Case, Shortfall,
and Monetary Constraint

The Estonia example illustrates the dynamics of an Al-ampli-
fied economy at manageable scale. The same logic becomes
materially more consequential when applied to larger econo-
mies such as the United States.

A commonly discussed proposal is a universal basic income of
approximately $1,000 per month per citizen:

o ~$12,000 per year
e ~340 million citizens
e total annual obligation:

12,000x340M = 4.1T

At first glance, such a transfer may appear economically feasi-
ble in gross-output terms.

Assume:
U.S. GDP (2025): ~$30.8T

Al productivity amplification: +30%
Gross amplified productive capacity becomes:
30.8Tx1.30=40.0T
suggesting incremental productive uplift of:
9.2T

Superficially, this appears sufficient to support a $4.1T trans-
fer.

However, the framework developed in this paper imposes a
critical constraint:

gross productive amplification is not equivalent to distributa-
ble surplus.

As demonstrated in the Estonia scenario, productive capacity
alone does not automatically translate into realizable economic
output.

A portion of amplified capacity remains unrealized because ef-
fective demand lags production.

Another portion is consumed by redistribution friction:
kH

Further capacity must remain within the productive system for
reinvestment, capital formation, and economic continuity.

This creates the central realization constraint:

UBI must be funded from realized surplus—not theoretical
productive potential.

Introducing Monetary Bridging

This raises an important practical question.
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If politically desired transfers exceed realizable surplus, how
is the gap closed?

In practice, many large-scale policy interventions rely explic-
itly or implicitly on monetary expansion.

To capture this possibility, we introduce a monetary bridge
factor:
monetized shortfall

= . (27)
Where:
e 0,=monetary dependency factor
R = baseline GDP
This extends the original model:
G(a + bH)
=|——]-R-(1- 28
<1+GH>R (1—-kH)+ 6yR (28)
Efficiency correspondingly becomes:
Y
n=— =20y (29)
Where:
A

captures the economic sensitivity to monetary distortion.
This distinction matters.
When transfers are funded from realized productive surplus:

e supply and demand rise together
e stabilization remains economically grounded
e inflationary pressure remains relatively contained

When transfers rely increasingly on monetary expansion:

e nominal demand rises
e real output may not increase proportionally
¢ inflation becomes the balancing mechanism

This introduces a second constraint beyond realization:
UBI is bounded not only by productive capacity, but by the

relationship between real output and money creation.

Comparative Reality Across Developed Economies
Applying the same illustrative realization framework across
developed economies produces a useful directional compari-
son:

Table 4 Comparative UBI Potential Across Economies

Country GDP Popu- GDP /| Sustainable
(2025) lation Citizen UBI / Year
Estonia $47B 1.37M ~$34K ~$2,200
Finland $338B 5.6M ~$60K ~$3,800
Germany $5.0T 84M ~$59K ~$3,700
Canada $2.28T | 39.7M | ~$57K ~$3,600
United States | $30.8T | 340M ~$91K ~$5,800

A notable pattern emerges.

Larger GDP alone does not produce proportionally larger sus-
tainable UBI outcomes.
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Once realization constraints, redistribution friction, and popu-
lation scale are considered, developed economies suggest a
bounded practical range of sustainable transfer potential.

This helps explain why ambitious proposals such as
$1,000/month per citizen in the United States remain econom-
ically challenging without exceptionally strong realization ef-
ficiency or significant monetary dependence.

The more important policy question is therefore not:
Can Al generate enough theoretical output?
The more relevant question is:

Can enough of that output be economically realized, sustaina-
bly redistributed, and maintained without destabilizing the
monetary system?

6.9. Positioning the Framework Against Existing
Schools of Thought

The framework presented here differs from several established
interpretations of technological disruption.

Creative Destruction

Classical economic theory, particularly Joseph Schumpeter’s
concept of creative destruction (Schumpeter, 1942), argues
that technological disruption destroys legacy industries while
simultaneously creating new productive sectors and employ-
ment opportunities.

This framework does not reject that principle.

Indeed, the distinction between substitutable labor (Lg) and
complementary labor (L) explicitly acknowledges labor real-
location.

However, classical creative destruction does not directly ad-
dress the transitional instability that emerges when productive
amplification outpaces wage-based purchasing participation.

The relevant question in this framework is therefore not
whether labor eventually reallocates, but whether economic re-
alization remains sufficiently stable during the transition.

Automation Tax

More recent automation-tax debates, including policy pro-
posals associated with Bill Gates, alongside labor-displace-
ment research by Daron Acemoglu and Pascual Restrepo
(Acemoglu & Restrepo, 2018), treat automation-induced dis-
placement as an economic externality that may justify com-
pensatory intervention.

This framework differs in an important way.
It does not assume automation itself is the core problem.
The challenge is realization.

If Al materially increases productive capacity, suppressing that
amplification through distortionary taxation may reduce inno-
vation, distort incentives, and weaken productive efficiency.

Instead, this framework asks a different question:
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How much of amplified productive output can be sus-
tainably realized and redistributed without destabiliz-
ing the broader economic system?

Redistribution therefore emerges not as a penalty on automa-
tion, but as a calibrated stabilization mechanism.

UBI Pilots and Existing Transfer Models

Existing transfer experiments—including Alaska’s dividend
model, Mongolia’s resource distributions, and guaranteed-in-
come pilots—demonstrate that broad cash distribution is ad-
ministratively possible.

However, these models do not directly resolve the central sys-
tems question explored here:

Can Al-amplified economies sustainably fund broad transfers
from realized productive surplus without inflationary or struc-
tural instability?

Labor Participation Critique

A common objection to universal transfers is that uncondi-
tional income may weaken labor-force participation, reduce in-
centives for productive work, and create long-term depend-
ency.

This concern is economically legitimate and should not be dis-
missed.

However, the framework developed here does not assume UBI
replaces productive labor income or permanently substitutes
for work.

Rather, redistribution functions as a calibrated stabilization
mechanism intended to preserve purchasing continuity during
periods of structural transition—particularly when Al-driven
labor substitution outpaces complementary labor reallocation.

In this framework, productive labor remains structurally im-
portant.

If Al primarily complements labor, less corrective intervention
is required because wage-based purchasing participation re-
mains naturally stronger.

If Al primarily substitutes labor, the relevant systems question
becomes comparative:

Does modest labor-participation distortion create
greater macroeconomic risk than widespread under-
consumption, unrealized productive capacity, and de-
stabilizing demand contraction?

The model suggests that, at least during transitional imbalance,
the larger systemic risk may lie in realization failure rather than
moderate redistribution-induced behavioral effects.

This framework therefore occupies a distinct position:

It treats Al economics not as a purely labor-market problem,
nor as a taxation problem, but as a dynamic realization and sta-
bilization problem.

6.10. Comparative Findings and Final Insight
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The Estonia model provides a bounded demonstration of sys-
tem mechanics, but it should not be interpreted as a universal
benchmark for UBI outcomes.

Several important patterns emerge from the comparative anal-
ysis.

First, Al-driven productive amplification alone does not guar-
antee broad-based economic prosperity.

Across all modeled economies, productive capacity increases
meaningfully under Al acceleration. However, realized distrib-
utable surplus remains materially constrained by economic re-
alization and redistribution friction.

Second, sustainable redistribution appears bounded.

Even across developed economies with materially different
GDP scales, sustainable UBI outcomes remain more con-
strained than gross productivity gains might initially suggest.

This suggests that economic resilience depends less on theo-
retical output potential than on how efficiently productive
gains are converted into broad-based purchasing participation.

Third, labor remains structurally central.

Economies in which Al primarily complements labor require
less corrective stabilization because wages remain more natu-
rally distributed through productive participation.

Economies in which Al primarily substitutes labor require ma-
terially stronger intervention simply to preserve demand sta-
bility.

Fourth, monetary expansion is not a substitute for realized eco-

nomic productivity.

When redistribution exceeds realizable surplus, monetary
bridging may temporarily preserve purchasing power, but in-
creasing dependence introduces inflationary and allocative dis-
tortion.

This creates a second sustainability boundary beyond produc-
tive realization itself.

The broader implication is clear:

The central challenge of Al economics is not simply generat-
ing more output.

It is sustaining economic realization in a system where produc-
tive amplification may increasingly outpace wage-based pur-
chasing participation.

Viewed through this lens, UBI is not best understood as wel-
fare.

It is better understood as a potential stabilization mechanism
within a broader economic control architecture.

The policy objective is therefore not maximizing redistribu-
tion.

It is maintaining stable economic realization while preserving
productive efficiency.
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APPENDIX A

Figure Al Source: Author’s adaptation based on Solow production framework

This figure illustrates the central tension of the Al-driven
e Capacity economy: the gap between what the system can produce and

mplifi duct

Al-Al p\lhed Pro : .
: what 1t can sustain.

Realized Output (Optimal H) . h C sus

The baseline output curve represents the classical production
function, where output increases with capital but at diminish-
ing rates. The amplified output curve reflects the upward
shift in productive capacity driven by Al (A — Q), illustrat-
ing the system’s potential output. However, the economy
does not automatically operate at this level of output.

Realization Gap

Realized Output (Low H)

Realized output depends on demand conditions, captured
through the feedback parameter (H). Under low feedback, re-
0 2 3 6 8 10 alized output remains significantly below potential, as in-
Capital come distribution is insufficient to support consumption—
resulting in underutilized capacity. As feedback increases,

realized output moves closer to amplified capacity, reflecting improved demand alignment and system stabilization.

The depreciation line represents the cost of maintaining capital and defines the system’s natural constraint, and its intersection with
realized output under low feedback marks a demand-constrained steady state: the economy produces just enough to sustain existing
capital, but generates no surplus for growth—despite unused productive capacity

The gap between amplified output and realized output—the realization gap—captures the central insight of the model: economic
potential does not translate into sustained output without effective feedback.

Appendix Summary

This framework extends the classical Solow model by incorporating amplification and feedback as core system dynamics. While
technological progress (A — Q) increases the economy’s productive capacity, it does not guarantee that this capacity will be fully
realized. Realization depends on the alignment between production and demand, which in this model is governed by feedback mech-
anisms such as income distribution.

The resulting gap between potential output and realized output—the realization gap—highlights a fundamental constraint of the Al-
driven economy: growth is no longer limited by production alone, but by the system’s ability to convert that production into sustained
economic activity. In this sense, the model unifies classical economic growth theory with classical control systems principles, re-
framing economic performance as a problem of realization and stability rather than production alone.
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APPENDIX B: Derivation of the Optimal Feedback Point (H*)

From equation (25):
n=G(a+bH)(1—-kH)
n = G(a+ bH — akH — bkH?)

M _ (b — ak — 2bkH
ﬁ_ ( a )

G(b —ak — 2bkH) =0

b —ak

==k
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Glossary

Term

Definition

Al Amplification (G)

Baseline Economic Output (R)

Baseline Economic Realization (a)

Broad-Based Purchasing Participation

Closed-Loop System

Complementary Labor (L)
Demand-Supported Growth

Economic Realization

Economic Realization Responsiveness (b)
Efficiency (1)

Feedback Cost Coefficient (k)

Feedback Strength (H)

Monetary Bridge Factor (0)*

Monetary Distortion Sensitivity (1)

Open-Loop System
Optimal Feedback Point (H)*
Productive Capacity

Realization Gap
Redistribution Cost Factor (1-kH)
Stabilization Mechanism

Substitutable Labor (L)

Universal Basic Income (UBI)

Productivity multiplier representing the degree to which artificial intelligence increases productive ca-
pacity relative to the pre-Al economic baseline.

Reference GDP or economic output used as the normalization benchmark for comparative efficiency
analysis.

Fraction of amplified productive capacity realized under low or absent feedback; reflects the economy’s
inherent demand absorption capability.

A condition in which a sufficiently large share of households possesses meaningful purchasing power to
sustain aggregate consumer demand.

A feedback-driven system in which outputs influence future system behavior through corrective mecha-
nisms.

Human labor enhanced by Al through judgment, decision-making, synthesis, and higher-value cognitive
work.

Economic growth sustained by sufficient household purchasing power to absorb productive output.

The proportion of theoretical productive capacity that becomes sustainable, demand-supported economic
output.

Sensitivity of economic realization to redistribution feedback; higher values imply stronger demand re-
covery.

Realized output relative to baseline economic output; the paper’s primary system performance metric.

Parameter representing administrative, policy, and economic friction associated with redistribution
mechanisms.

Effective strength of redistribution mechanisms used to restore purchasing power and stabilize economic
demand.

Proportion of redistribution shortfall funded through monetary expansion rather than realized productive
surplus.

Economic penalty associated with monetary expansion, including inflationary pressure and allocative
distortion.

A system operating without corrective feedback, allowing imbalance to grow without automatic stabili-
zation.

Feedback level at which sustainable economic efficiency is maximized.

The economy’s theoretical ability to produce goods and services under a given level of capital, labor,
and Al amplification, independent of whether that output is fully realized.

Difference between theoretical productive capacity and economically realizable output.

Effective reduction in realized output caused by the cost of maintaining redistribution feedback.
Policy or structural intervention used to restore balance between production and purchasing power.
Routine or repeatable labor increasingly susceptible to Al replacement or automation.

In this framework, a redistribution mechanism modeled as a stabilization feedback instrument rather than
a welfare construct.
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