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Abstract

The integration of Artificial General Intelligence (AGI) into economic
production represents a transformative shift with profound implications
for labor markets, income distribution, and technological growth. This
study extends the Constant Elasticity of Substitution (CES) production
function to incorporate AGI-driven labor and capital alongside tradi-
tional inputs, providing a comprehensive framework for analyzing AGI’s
economic impact.

Four key models emerge from this framework. First, we examine the
substitution and complementarity between AGI labor and human labor,
identifying conditions under which AGI augments or displaces human
workers. Second, we analyze how AGI capital accumulation influences
wage structures and income distribution, highlighting potential disrup-
tions to labor-based earnings. Third, we explore long-run equilibrium
dynamics, demonstrating how an economy dominated by AGI capital
may lead to the collapse of human wages and necessitate redistributive
mechanisms. Finally, we assess the impact of AGI on total factor pro-
ductivity, showing that technological growth depends on whether AGI
serves as a complement to or a substitute for human labor.

Our findings underscore the urgent need for policy interventions to
ensure economic stability and equitable wealth distribution in an AGI-
driven economy. Without appropriate regulatory measures, rising in-
equality and weakened aggregate demand could lead to economic stag-
nation despite technological advancements. Moreover this research sug-
gests a renegotiation of the Social Contract.
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CES, Production



48 Pascal Stiefenhofer

1 Introduction

Artificial General Intelligence (AGI) is an advanced artificail intelgigence (AI)
system capable of performing intellectual tasks with adaptability, autonomous
reasoning, and recursive self-improvement. Unlike narrow AI, AGI generalizes
across domains, applies abstract knowledge, and optimizes its own algorithms|2].
Once realized, AGI will function as both an autonomous economic agent and
an accumulative capital asset, necessitating a re-evaluation of traditional pro-
duction models|[3],[4].

AGT’s integration into economic production disrupts conventional models
reliant on human labor and physical capital. To capture its dual role, we extend
the Constant Elasticity of Substitution (CES) production function |5, 6, 7| to
incorporate human labor (L), AGI labor (Lagr), traditional capital (K'), and
AGI capital (K agr). This enables a rigorous analysis of AGI’s effects on labor
market dynamics, capital accumulation, and long-run equilibrium.

AGI labor (Lagr) is infinitely scalable, incurs near-zero marginal costs,
and challenges wage-based economic structures. It can either complement hu-
man labor, enhancing productivity, or substitute it entirely, exacerbating labor
displacement. Network effects further amplify its economic impact, necessitat-
ing revised macroeconomic models to address employment shifts and income
redistribution.

AGI capital (Kagr) consists of physical infrastructure (e.g., Al hardware)
and intangible algorithmic assets. Unlike traditional capital, AGI capital self-
improves, potentially yielding super-linear returns and defying the principle
of diminishing marginal productivity. Its dual role as both capital and labor
blurs conventional economic distinctions, requiring an expanded production
framework.

The adoption of AGI will profoundly reshape economic structures, influ-
encing wages, productivity, and wealth distribution. Its effect on total fac-
tor productivity hinges on whether AGI complements or displaces human la-
bor—either driving sustained economic growth or causing stagnation due to
weakened demand. Managing these disruptions requires proactive policy in-
terventions to ensure the equitable distribution of AGI-driven economic gains.

The current Social Contract|[1] is iunsuffuciently equipped to address the
profound societal disruptions that AGI is poised to bring. As AGI advances,
society must renegotiate its foundational agreements to reflect emerging eco-
nomic and social conditions. This research is essential because AGI has the
potential to redefine labor markets, capital allocation, and overall productivity.

A critical question remains: Will AGI augment human labor or replace
it? The answer will determine long-term economic trajectories—whether AGI
drives expansion or exacerbates inequalities. By identifying these dynamics,
policymakers can craft informed strategies to mitigate risks, ensure economic



The future of work and capital: analyzing AGI in a CES production model 49

stability, and equitably distribute the benefits of AGI. A proactive approach
will be crucial in shaping a more inclusive and resilient economy, ensuring that
AGI serves as a force for progress rather than division.

Section 2 formulates an extended CES production function. Section 3 ex-
plores wage dynamics and income distribution. Section 4 examines equilib-
rium effects of AGI capital accumulation. Section 5 assesses AGI’s impact on
productivity. Section 6 discusses policy responses, followed by conclusions in
Section 7.

2 Substitution vs. Complementarity of AGI and
Human Labor

To analyze whether AGI labor complements or substitutes human labor, we
use an extended CES production function incorporating human labor, AGI
labor, traditional capital, and AGI capital given by

S

Y = A0 K? + 0acr K)qr + 0Ly + 01,6, L0 arl? (1)

where A represents total factor productivity, dx,dacr, On, 01 ,,, are the share
parameters for traditional capital, AGI capital, human labor, and AGI labor,
respectively. The parameter p governs the elasticity of substitution o between
inputs, which determines how easily one input can be replaced by another:

o=—"-. (2)

The relationship between AGI labor (L4¢r) and human labor (L) depends on
the elasticity of substitution o. If p = 1 (¢ — o0), AGI labor and human labor
are perfect substitutes, leading to full automation and the direct displacement
of human workers. When 0 < p <1 (1 < ¢ < 00), AGI labor remains highly
substitutable but does not completely replace human labor. The degree of
displacement depends on relative productivity and cost structures. If p < 0
(0 < o < 1), AGI labor and human labor act as complementary inputs, where
increasing AGI labor enhances human labor productivity instead of replacing
it. In the Cobb-Douglas case (p — 0, 0 = 1) [8, 9], both inputs exhibit unitary
elasticity, meaning proportional increases in both AGI and human labor lead
to proportional output gains without displacement. The marginal productivity
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of human labor and AGI labor are given by

oY _ 1_
MPLh - 8T - 6hALZ ' (5KKP + 5AGIK£GI + 5hLZ + 6LAGILZGI)’) ' ’
h
(3)
Y p—1 p p P p\i—1
MPLAGI = 8L—AG’I = 5LAGIALAGI (5KK + 5AG1KAGI + 5th + 6LAGILAGI> P

(4)

The relative marginal productivity determines whether AGI labor substitutes
or complements human labor. The wage ratio is defined as

WAGI - MPLAGI

= 5
Aol e (5)

which implies that as AGI labor increases, its relative wage rises if it is a
strong substitute for human labor. Conversely, in a complementary scenario,
increased AGI labor enhances M Py, , stabilizing or even increasing human
wages. The broader economic implications of AGI-human substitution pat-
terns include wage dynamics, employment trends, and productivity growth.
When o > 1, human wages decline relative to AGI wages, leading to increased
inequality unless redistributive measures are introduced. If AGI labor is highly
substitutive (0 — 00), human employment shrinks, necessitating policy inter-
ventions such as Universal Basic Income (i) or re-skilling programs. If AGI
and human labor are complements (0 < 1), AGI adoption enhances produc-
tivity without displacing workers, fostering inclusive economic growth. Ex-
panding AGI capital (K a¢y) shifts firms away from labor-intensive production
methods, with the extent of this shift governed by p. Ultimately, the economic
impact of AGI is critically dependent on the substitution elasticity o. Policy
interventions must align with the observed substitution patterns, ensuring that
efficiency gains do not come at the cost of equitable labor market transitions.

3 Wage and Income Distribution in an AGI Econ-
omy

The marginal productivity of each factor determines income distribution in a
competitive market. The marginal productivity of human labor is given by

1]

MP,, = A6, L} [Z 5in} . I (6)

Similarly, for AGI labor, we have
1

Lacr

MPLAGI = AéLAGILZG] [Z 52sz} %_1
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The marginal productivity of traditional capital is given by

MPy = AdiK? |3 6.X7| # % (8)

and the marginal productivity of AGI capital is

1

)
Kaar

1
MPKAGI = A(SAGIKZGI [Z 51sz:| ’ (9)

where X; represents the set of all productive inputs contributing to output:
X ={K, Kacr, Ln, Lacr}- (10)

Thus, X; corresponds to traditional capital (K), AGI capital (K agr), human
labor (L), and AGI labor (Lagr), aggregating the economy’s productive ca-
pacity within the CES framework. In the limit where AGI capital accumulates
indefinitely (K gy — 00), the marginal productivity of human labor declines
asymptotically:

lim MP;, =0. (11)

KAG[—>OO

Since wages are determined by marginal productivity under competitive mar-
ket conditions, this leads to a collapse in human wages

lim wy, =0. (12)

KAGIA)OO

This result suggests a fundamental restructuring of income distribution, wherein
AGI capital owners capture a growing share of economic output, displacing
traditional labor as a primary source of income. The increasing inequality
necessitates alternative mechanisms to sustain consumption and demand.

4 Equilibrium Analysis and Long-Run Market
Dynamics

In the long-run equilibrium, as AGI capital (K4qs) increases indefinitely, the
marginal productivity of human labor (M Py, ) asymptotically approaches zero

lim MP,, =0. (13)

KAG[—>OO

Since wages are determined by marginal productivity under competitive mar-
ket conditions, this leads to a collapse in human wages

lim w, =0. (14)

Kagr—oo
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This signifies a fundamental structural shift in the economy, where AGI capital
supplants human labor as the primary driver of production. As labor-based in-
come distribution becomes unsustainable, alternative mechanisms are required
to sustain human consumption. These include

Ch =T +Tacr +U, (15)

where C), represents human consumption, supported by wealth transfers (7),
progressive AGI capital taxation (T'ags), and Universal Basic Income (). The
marginal productivity of human labor is given by

1
MP,, = A5, L™ (Z 5in) o (16)
As K 4 increases, its contribution dominates the summation
Z@Xf ~ 0acr K, for large Kacr. (17)
Thus, the marginal productivity simplifies to
MPyp, =~ AS LY (8aci Khp)7 " (18)
Taking the limit yields
lim MP;, =0. (19)
Kagr—o

This confirms that as AGI capital expands, human labor’s contribution to
production diminishes, driving labor wages to zero. The economic implica-
tions of this transition are significant: wage collapse occurs as M P;, — 0,
shifting economic power toward AGI capital owners. Reduced wages lead to
weakened aggregate demand, requiring redistribution mechanisms to maintain
market stability. Additionally, the production function transforms, effectively
eliminating human labor from the economic framework.

Technological Growth Effects on TFP

—— Total Factor Productivity (TFP)
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Figure 1: (Left)The decline in human labor productivity as AGI capital Kaqy
increases, illustrating the potential collapse of human wages and the need for
alternative economic structures. (Right) The impact of AGI capital on total
factor productivity (TFP), where growth depends on whether AGI comple-
ments or substitutes human labor.



The future of work and capital: analyzing AGI in a CES production model 53

5 Technological Growth and Productivity Effects

Total Factor Productivity (TFP) serves as a fundamental measure of tech-
nological efficiency, capturing the residual contribution of capital and labor
inputs to economic output. It is formally defined as

Y
TFP = . 20
K + Kagr + Lacr + Ly, (20)

Substituting the CES)production function into (20) yields

1

(D2, 0:X7)7
TFP=A 2 L . 21
K + Kagr + Lagr + Ly, (21)

The asymptotic behavior of TFP depends on the elasticity of substitution
o= 1%,0. If o < 1 (i.e., strong complementarity), AGI-driven inputs amplify
human productivity, yielding sustained technological growth as K,q; — oo

1
lim TFP=A (5hLZ + 5KKP + 5AGIK51GI); . (22)
KAGI —00
Conversely, if AGI capital substitutes human labor (¢ > 1), increasing K gy
reduces human labor’s marginal contribution, causing wage suppression and
stagnating aggregate productivity due to demand contraction. In this case

MP
lim ——2 =0, leading to lim  w, = 0. (23)

Kagr—o MPKAGI Kagr—oo

A wealth concentration threshold emerges where AGI capital owners dispro-
portionately capture income, reducing overall economic efficiency. This bifur-
cation manifests when labor income as a share of total output vanishes

wp Ly,

~0. (24)

lim

Kagr—oo Y

Sustainable growth requires redistributive policies, ensuring consumption sta-

bility despite labor market disruption. A macroeconomic equilibrium condition
ensuring nonzero consumption for human workers is given by

/ T o)t = / T T W) + Taer (D) + U() dt, (25)

where (), is human consumption, supported by targeted redistribution mech-
anisms (7)), taxation (Tagr), and universal basic income (). This refined
analysis demonstrates that AGI capital expansion induces two possible eco-
nomic trajectories: (1) sustained TFP growth if AGI complements human
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labor or (2) stagnation and inequality if substitution dominates. In the lat-
ter case, redistributive interventions such as Universal Basic Income (i) or
progressive taxation (T4gr) become critical for preserving economic stability
and aggregate demand. Without these mechanisms, excessive capital concen-
tration leads to bifurcated economic gains, disproportionately benefiting AGI
capital owners while eroding labor income and market equilibrium.

Impact of AGI Capital on UBI

Impact of AGI Capital on Taxation Revenue
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Figure 2: (Left) This plot illustrates how Universal Basic Income (UBI)
changes with increasing AGI capital (K 4¢r) under different redistribution frac-
tions (A). Higher A values result in greater UBI, ensuring a more substan-
tial redistribution of AGI-generated output. However, administrative costs
(Cupr) slightly offset the total amount available for distribution. (Right) This
plot shows the relationship between AGI capital (K a57) and taxation revenue
(T'agr) under different levels of tax progressivity (n). As n increases, taxation
on AGI capital grows non-linearly, enhancing redistribution while maintaining
investment incentives. The results highlight how progressive taxation can be
used to manage wealth concentration in an AGI-driven economy.

6 Government Policy and Economic Interven-
tions

To mitigate economic instability induced by AGI-driven labor displacement,
policy interventions must ensure equitable redistribution of productivity gains
while preserving long-term economic efficiency. A key mechanism is Universal
Basic Income (UBI), which can be structured as a function of AGI-driven
output:

UBI = )\YAGI — OUBI: (26)

where A\ € (0, 1) represents the fraction of AGI-generated output redistributed
as basic income, and Cygr denotes administrative and operational costs. The
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sustainability of UBI depends on the optimal choice of A that maximizes so-
cial welfare while maintaining incentives for innovation. A complementary
approach is the implementation of progressive AGI capital taxation, ensuring
equitable wealth distribution while preserving investment incentives. The tax
function is given by

Tacr = 7K ¢ (27)

where 7 is the baseline tax rate and 1 > 1 controls tax progressivity. Higher
values of 1 impose steeper taxation on AGI capital, promoting redistribution
while avoiding excessive capital accumulation deterrence. Public or coopera-
tive ownership of AGI capital can serve as an alternative mechanism to balance
economic efficiency and equity. The optimal allocation of AGI capital should
maximize social welfare, which can be formalized as a constrained welfare
maximization problem is to

max W = U(Y) — D(K5%), (28)
S
subject to
Y = A0k K? + duci K + 0nlh + 00,0, Locr)” - (29)

Here, W represents aggregate social welfare, U(Y") denotes utility derived from
economic output, and D(K ffg[) captures the costs associated with public de-
ployment of AGI capital. The optimal public ownership level KTGI)}“ satisfies
the first-order condition

dw U dy  dD
dikher 4 dKg dRGG

= 0. (30)

This ensures that the marginal benefit of increasing public AGI capital equals
its marginal cost. Efficient allocation requires designing D(K %I) such that
excessive state control does not stifle innovation while ensuring a socially opti-
mal balance of AGI capital ownership. This analysis underscores the necessity
of redistributive interventions to prevent economic bifurcation. Policies such
as Universal Basic Income (), progressive taxation (Tsqr), and public AGI
capital ownership ensure that economic gains are equitably distributed while
sustaining aggregate demand and preventing excessive wealth concentration
among AGI capital owners.

7 Conclusion

This study provides a theoretical foundation for understanding how AGI-driven
labor and capital transform economic production, labor markets, and techno-
logical growth. By extending the CES production function to incorporate AGI
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labor and AGI capital, we capture the dynamic interplay between automation,
human employment, and long-term productivity.

Our analysis highlights several key insights. First, the degree of sub-
stitution between AGI and human labor plays a decisive role in determin-
ing economic outcomes. If AGI labor is a strong substitute for human la-
bor, wages decline, and traditional employment structures become unsustain-
able. Conversely, if AGI labor complements human labor, productivity gains
can be widely shared, leading to enhanced economic growth without severe
displacement|11]. Second, as AGI capital accumulates, the marginal produc-
tivity of human labor may approach zero, necessitating alternative income
distribution mechanisms such as Universal Basic Income (UBI) or progressive
AGI taxation to sustain aggregate demand|[13, 14]|. Third, the long-run sta-
bility of the economy depends on whether AGI capital enhances total factor
productivity or leads to stagnation due to weakened labor-driven consumption
[10, 12].

This research underscores the profound and far-reaching implications of
AGI for society. As AGI transforms the foundations of labor, capital, and
productivity, the traditional economic structures that have long governed hu-
man progress may no longer suffice. The emergence of AGI challenges our
fundamental assumptions about work, value, and wealth distribution, raising
existential questions about the role of human labor in an increasingly auto-
mated world.

In light of these disruptions, a new Social Contract is not just desirable—it
is essential. The balance between technological efficiency and social equity
must be redefined to ensure that AGI serves as a catalyst for shared pros-
perity rather than a force of deepening economic stratification. Governments
and institutions must adopt forward-thinking regulatory frameworks that ac-
commodate the realities of automation while safeguarding human dignity and
agency.

More than just an economic adjustment, this shift requires a philosophical
reexamination of how societies allocate wealth, opportunity, and purpose. Fu-
ture research must move beyond theoretical models to explore how real-world
economies adapt to AGI’s transformative potential. The question is no longer
whether AGI will disrupt society, but rather how societies will choose to re-
spond—whether they will passively endure its consequences or actively shape
a future where technology aligns with human flourishing.
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