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For more than three years, Atrtificial Intelligence (Al) has been
driving financial markets, yet its macroeconomic productivity ef-
fect remains a subject of debate. The simulation results pre-
sented in this report illustrate how Al-induced growth could fun-
damentally enhance US debt sustainability. Due to the progres-
sive tax system, revenues increase disproportionately to eco-
nomic growth, while expenditures remain demographically ine-
lastic. This fiscal wedge reduces the debt-to-GDP ratio without
requiring austerity measures. However, this dynamic is con-
strained by technological misinvestments and fiscal counter-
measures in the form of tax cuts. Furthermore, monetary policy
errors pose a threat if interest rate cuts are predicated on
productivity expectations that ultimately fail to materialise. Con-
sequently, Al implicitly represents a wager on the sustainability
of US sovereign debt.

The Al productivity paradox

Transformative technologies often promise more than they can
deliver in the short term. This was true for the steam engine,
electricity and the personal computer and it may also hold true
for Artificial Intelligence. Since the release of ChatGPT in late
2022, companies worldwide have invested hundreds of billions
of dollars in Al infrastructure. Five of the leading US technology
corporations alone project cumulative capital expenditures of
approximately USD 650 billion for the current year, as illustrated
in Figure 1. Since 2023, this drastic acceleration in spending
has been driven almost exclusively by the massive expansion of
data centres and hardware dedicated to Artificial Intelligence.
Current stock market valuations reflect these transformative ex-
pectations. However, the pivotal question remains when and to
what extent these investments will translate into measurable
productivity gains across the broader economy.

History counsels patience. When the personal computer con-
quered offices in the 1980s, economist Robert Solow famously
observed: “You can see the computer age everywhere except in
the productivity statistics.” Yet, it took another decade before
the productivity boom of the late 1990s proved the sceptics
wrong. Economists explain this pattern using the so-called J-
curve: new technologies initially require massive investments in
new processes, training and organisational structures before
the benefits are reflected in the data. In the short term, meas-
ured productivity may even decline because resources are
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channelled into capacity building rather than production.? Ac-
cording to survey data from the US Census Bureau, approxi-
mately 18 percent of US firms had adopted Artificial Intelligence
by the end of 2025. However, according to assessments by the
Federal Reserve, profound macroeconomic leaps in productivity
will only occur upon widespread adoption and following a com-
plete realignment of corporate workflows.3

Figure 1: The Al investment race

Capital expenditure of the five largest US technology companies in USD billions
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Source: Bloomberg, Consensus Estimates, Earnings Reports.

Thus far, no pronounced increase in US productivity has materi-
alised. Over the past two years, annual productivity growth av-
eraged approximately 2.3% (2024) and 2.2% (2025), thereby
exceeding the historical average of the pre-generative Al era of
about 1.4%.* Whether this improvement relative to the historical
average is already attributable to an early productivity dividend
from Al adoption, or simply to broader cyclical forces, remains
an open question. Baslandze et al. (2026) demonstrate empiri-
cally that due to immense upfront costs and lagged efficiency
gains, massive corporate investments in Al are not yet reflected
in measured macroeconomic productivity data. The study thus
points toward a productivity paradox.®
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Table 1: Transformative technologies and their impact on economic growth

Technology Hype
Steam Engine

(Patent: 1769) growth was below 0.01% per year.b

1760-1800 (approx. 40 years): The contribu-
tion of steam power to British productivity

Long-run breakthrough

1830-1850 (60—80 years later): The breakthrough
came with high-pressure steam engines. The con-
tribution to productivity growth rose to 0.2—-0.3% per
year.

Electricity

(Market maturity 1890) | year.”

1890-1910 (20 years): Productivity growth in
US factories remained flat at below 1.0% per

1920s (30—40 years later): The shift to decentral-
ised motors and assembly lines drove productivity
growth above 5.0% per year.

PC Boom
(starting from 1973)

1973-1995 (22 years): The Solow paradox.
Despite heavy IT investment, US productivity
growth fell from 2.87 to 1.35% per year.?

1995-2000 (over 20 years later): The breakthrough
came via the internet and enterprise software.
Growth roughly doubled to 2.67% per year, with a
marked acceleration after 2000.

The timeline and magnitude of measurable productivity gains
derived from Al remain a subject of intense debate in the litera-
ture. Placed within a historical context, this development could
take significantly longer to unfold than many forecasters cur-
rently anticipate, as illustrated in Table 1.

Historical comparison indicates that general-purpose technolo-
gies only achieved their full productivity impact through subse-
quent complementary innovations, such as the assembly line or
the internet. In contrast, Artificial Intelligence could represent an
exception, as it builds upon an already fully digitalised world
and gargantuan computing power. Consequently, it may func-
tion not as a new baseline technology but as the final catalyst
that abruptly enhances the efficiency of existing infrastructure
and accelerates the productivity surge. Nevertheless, Al projec-
tions regarding productivity and economic growth vary signifi-
cantly in part, as shown in Table 2.

Table 2: The Al forecast spectrum

Moderate
CBO (2026):

Pessimistic
Acemoglu (2024):

Optimistic
Dallas Fed (2025):

Annual Al-driven

Annual Al-driven

Annual Al-driven

productivity GDP growth: +0.1 | GDP growth: +0.3
growth (TFP): pp (baseline sce- | pp."
+0.064 pp.° nario)

Goldman Sachs:
(2023, 2026):
Annual growth:
+0.3 pp.'? but not
until 2027.

Maximum effect:
+0.66% after 10
years.

+1.0% higher
GDP level by
2036."°

Al productivity and US debt sustainability

Whether the potential productivity gains from Al will actually ma-
terialise is also highly relevant to the sustainability of US sover-
eign debt. In a recently published study, Kung et al. (2026) illus-
trate how Al-induced growth could exert a structurally positive
effect on US debt sustainability and interest rate levels.'® Pur-
chasing a 10-year US Treasury note de facto constitutes a
claim on the future solvency of the US government. This sol-
vency, in turn, depends on government revenues and expendi-
tures over the coming decades. Should the US economy grow
faster because Al renders labour more productive, tax revenues
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will rise. The US tax system is structured progressively and
higher wages push employees into higher tax brackets, thereby
allowing the state to benefit disproportionately from economic
growth. Experts refer to this effect as 'bracket creep’. Kung et al.
(2026) quantify the long-term effective revenue elasticity at ap-
proximately 1.53, meaning that each percentage point of addi-
tional GDP growth generates a 1.53 percent revenue increase
for the US Treasury.

Government expenditures, by contrast, respond much more
sluggishly to growth. The two largest public health programs,
Medicaid and Medicare, are determined by the number of retir-
ees, not by the level of GDP. Although pensions are initially
linked to wages, once an individual retires, they receive only an
inflation adjustment rather than a share of economic growth.
The result of this asymmetry could be substantial, as the treas-
ury fills disproportionately when growth accelerates, while ex-
penditures only lag behind slowly. This divergence flows directly
into the government budget and improves debt sustainability.'*
Since, at least in theory, the market value of US public debt
equals the present value of all future primary surpluses, dis-
counted at the Treasury rate plus a macroeconomic risk pre-
mium, a reduction in this risk premium should also translate into
declining yields on government bonds."®

The Fiscal Starting Point: America Living on Credit

The fiscal position of the United States has deteriorated mark-
edly in recent years. In 2001, the Congressional Budget Office
was still projecting cumulative surpluses of USD 5.6 trillion. Tax
cuts, two wars, the financial crisis and the pandemic have since
rendered those projections obsolete. Currently, the debt-to-GDP
ratio (Debt Held by the Public) stands at 101%. Under its latest
long-run baseline, the CBO projects a further rise to 120% by
2036 and 172% by 2056. What makes the situation particularly
acute is the dynamics of interest payments. In 2025, the US
paid nearly one ftrillion US dollars in net interest, corresponding
to approximately 20% of total government revenues (Figure 2).
Since these interest payments are themselves debt-financed,
total indebtedness continues to compound, which in turn drives
the interest burden ever higher.



Figure 2: Interest payments on outstanding government
debt

As a percentage of total government revenues, 12-month moving average.
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A simulation into the fiscal future

Below, three productivity scenarios and their effects on public
debt are examined. The model calibration and baseline param-
eters for the debt-to-GDP ratio, interest payments, growth pro-
spects and inflation are sourced from the CBO Budget and Eco-
nomic Outlook: 2026 to 2036 published in February 2026 and
the Long-Term Budget Outlook published in March 2026. The
expenditure and revenue elasticities are taken from the study by
Kung et al. (2026)."® The first scenario represents a world with-
out Al productivity gains, represented by the CBO baseline pro-
jection adjusted for the incorporated annual Al effect of 0.1 per-
centage points. The second scenario assumes a moderate
productivity gain of 0.2 percentage points per year. The third
scenario assumes a productivity gain of 0.4 percentage points
per year, which is consistent with the more optimistic estimates
in Table 2.

The simulation results illustrate that Al productivity growth
would act as an extraordinarily powerful fiscal tailwind. In the
scenario devoid of Al productivity gains, the debt-to-GDP ratio
rises from 101% (2026) to 123% (2036) and reaches 185% by
2056. In the moderate Al scenario (+0.2 percentage points an-
nually), the paths diverge steadily. By 2036, the debt-to-GDP
ratio stands at 116%, approximately 7 percentage points below
the baseline scenario; by 2056, the delta amounts to 24 per-
centage points (161 versus 185%). In the more optimistic sce-
nario (+0.4 percentage points), debt accumulation decelerates
even more pronouncedly, resulting in a debt-to-GDP ratio of
139% in 2056. Consequently, technological progress could alle-
viate the sovereign debt problem without a single percentage
point of tax hikes or spending cuts.
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Figure 3: US government debt trajectory

As a percentage of GDP.
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Source: KfW Research, own simulations.

As Figure 4 illustrates, the interest burden also decreases sig-
nificantly as a result of Al-induced growth. While the interest
burden relative to GDP rises from 3.2 t0 5.1% in 2036 and to
8.0% in 2056 in the scenario without Al, higher productivity miti-
gates the severity of this increase. In the scenario assuming a
0.4 percentage point productivity gain, the interest-to-GDP ratio
in 2056 stands at 5.8% of GDP; although this is significantly
above today's ratio, it remains 2.2 percentage points below the
projection of the scenario without Al gains.

Figure 4: US interest burden trajectory
As a percentage of GDP.
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Source: KfW Research, own simulations.

Since the interest rate was held constant at 4.3% in the preced-
ing simulation, the positive effect arises purely from the im-
proved fiscal position and a reduction in the gap between reve-
nues and expenditures, as illustrated in Figure 5. In the base-
line scenario, the difference between revenues and primary ex-
penditures (excluding interest payments) averages -2.8% of
GDP. In the moderate Al scenario, the primary deficit decreases
to —1.5% of GDP by 2056, whereas in the optimistic scenario,
government revenues even trend toward a balanced primary
budget.
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Figure 5: US primary balance trajectory

As a percentage of GDP.
0.0

-0.5

-1.0

-1.5

-2.0

-2.5

-3.0

-3.5
2027 2030 2033 2036 2039 2042 2045 2048 2051 2054

= = = No Al productivity surge Productivity +0.2 pp Productivity +0.4 pp
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Productivity growth and bond yields

In the preceding simulation, bond yields were assumed to be
constant (at 4.3%). This assumption is conservative, as it ig-
nores a second transmission channel that Kung et al. (2026)
identify as pivotal: productivity growth enhances the fundamen-
tal fiscal value of sovereign bonds, which — in efficient markets
— should trigger an immediate decline in yields and could pro-
vide additional relief to debt dynamics. This transmission to in-
terest rates operates via three concurrent channels, which have
been empirically derived from market reactions to Al model an-
nouncements: (1) lower inflation expectations, (2) a com-
pressed term premium for long-duration maturities and (3) an
increasing convenience yield on government bonds, since the
Al boom reduces the necessity for new debt issuance, thereby
tightening the supply of safe-haven assets.

A theoretical perspective

The differential between the real interest rate (r) and the real
economic growth rate (g) is a core formula for determining a
country's debt sustainability. It indicates whether a sovereign
state can reduce its debt-to-GDP ratio purely through economic
growth or whether it must actively generate budget surpluses. If
the interest rate exceeds the growth rate, debt accumulates
faster than the economy expands, even with a balanced primary
budget. If r is below g, the debt ratio contracts automatically. Al
can influence this equation via two channels: through higher
productivity-induced growth, or through a lower interest rate
level as financial markets price in the improved fiscal outlook.'”

Below, the simulation assumes an interest rate sensitivity of 30
basis points; that is, if Al permanently increases productivity by
0.1 percentage points per year, the 10-year Treasury yield de-
clines by 0.3 percentage points.'® With an Al-driven growth in-
crement of +0.2 percentage points, this would amount to 60 ba-
sis points, and at +0.4 percentage points, 120 basis points. Ac-
cordingly, the yield in the more optimistic scenario would fall
from 4.3 to 3.1%. From the perspective of economic literature,
this implicit elasticity falls within a highly optimistic range, mark-
ing the upper bound of potential Al impacts on interest rate lev-
els. This assumption stands in tension with economic theory:
classical growth theory postulates that higher productivity leads
to rising interest rates, as households save less in anticipation
of future prosperity and firms increase investment. A drastic
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decline in interest rates can therefore only be justified by a mas-
sive, disinflationary supply shock — an effect discussed by insti-
tutions such as the BIS regarding the initial phases of Al
leaps.® Given that long-term empirical studies (such as Luns-
ford & West?) historically show only a weak coupling between
productivity and real interest rates, the selected coefficient de-
scribes a tail scenario in which the deflationary force of Al en-
tirely dominates any investment-driven interest rate pressure.
Nevertheless, this extreme assumption gains substantial real-
world relevance due to the recent leadership change at the
helm of the Federal Reserve. The future monetary policy stance
could increasingly align with this scenario of a dominant disinfla-
tionary productivity wave, thereby justifying the simulation of
this specific tail risk spectrum over the projection period.

Figure 6 illustrates that the interest rate channel significantly
amplifies the fiscal relief effect. In the scenario with +0.2 per-
centage points of productivity growth, the debt-to-GDP ratio
drops to 145% by 2056, compared to 161% without interest rate
feedback. In the scenario with +0.4 percentage points, the debt
ratio increases only very sluggishly, reaching 113% in 2056.

Figure 6: US government debt trajectory with positive inter-
est rate feedback

As a percentage of GDP.
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Al and monetary policy: The Fed’s new paradigm?

With Kevin Warsh, who succeeded Jerome Powell as Fed Chair
on May 15, 2026, the world’s most influential central bank is
now led by a policymaker who explicitly invokes Al-driven
productivity growth as a pivotal argument for looser monetary
policy.?! Warsh has characterised Artificial Intelligence as 'the
most productivity-enhancing wave of our lifetime' and posits that
heightened productivity exerts a disinflationary effect, thereby
enabling interest rate cuts without stoking inflation risks. With
this thesis, he draws a parallel to Alan Greenspan, who fa-
mously refrained from raising interest rates in the late 1990s de-
spite a booming economy.?? Furthermore, Warsh points to the
structural dilemma that waiting for statistical proof of productivity
gains is, by definition, backward-looking and causes the optimal
window for pre-emptive easing to pass.?®

However, as compelling as this thesis appears on paper, its
monetary policy execution in the current environment is fraught
with risk. In May 2026, the CPl-inflation rate stood at 4.2%, sig-
nificantly above the Fed’s 2 percent target. Similarly, PCE infla-
tion hovered at 4.1% in May and to date there is no



unambiguous, macroeconomically measurable evidence of an
Al-induced productivity boom. Consequently, a growing chorus
of critics warns that cutting interest rates based on productivity
hopes could constitute a monetary policy error, rendering policy
overly expansionary.?* This is further compounded by US tariff
policy and geopolitical shocks, such as surging oil prices, which
aggravate price pressures and narrow the fiscal headroom for
accommodative monetary policy. Ultimately, Warsh also bears
an institutional burden: interest rate cuts anticipated by political
actors risk compromising the central bank's independence —
and its long-term credibility is far more vital than short-term
growth gains.

Limitations and risk factors of the simulation

Even if Al generates sustained productivity growth, the fiscal
dividend is not guaranteed. The critical transmission channel
only functions as long as the progressive tax system remains in-
tact. If Congress responds to growing surpluses by cutting tax
rates or indexing tax brackets to wages, the revenue elasticity
will be significantly lower. For example, the budget surpluses of
the late 1990s were entirely eroded within a few years by tax
cuts. The current 'One Big Beautiful Bill Act' repeats this pat-
tern. While tax relief may be politically popular and mobilise vot-
ers in the short term, it is fiscally counterproductive to the head-
room that Al growth could potentially unlock. The simulations
also assume that productivity gains are permanent and broadly
anchored. Furthermore, the model neglects potential delays
caused by the macroeconomic J-curve, as it assumes immedi-
ate effects. If the gains do not materialise until 2030, for

1 Solow, R. (1987): We'd better watch out, New York Times Book Review, 12. Juli 1987.
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instance, the opening years of the projection period would ef-
fectively be void of impact, which would noticeably reduce the
cumulative relief effects. In this context, the Dallas Fed argues
that historical productivity booms often become discernible only
20 years after the technological breakthrough, once approxi-
mately half of all enterprises have fully implemented the tech-
nology.

Conclusion: Fiscal stability cannot be taken for granted
The simulation demonstrates that Al productivity growth carries
significant fiscal weight. Due to a structural asymmetry in the
US tax system, tax revenues grow disproportionately, whereas
expenditures — driven by demographics — barely respond to
productivity gains, thereby substantially lowering future deficits.
Even moderate productivity gains of 0.2 percentage points an-
nually could thus mitigate the explosive debt dynamics in the
US without requiring a single austerity measure. If bond yields
subsequently decline because markets price in the improved
fiscal outlook, this positive interest rate effect further amplifies
the dynamic. The pivotal uncertainty of this analysis simultane-
ously constitutes its most crucial insight: the variance between
pessimistic and optimistic productivity scenarios is extreme.
Furthermore, three risks temper this optimism: first, productivity
gains may fail to materialise if Al investments evaporate without
generating a macroeconomic impact. Second, there is a risk of
political pressure from Congress to deploy fiscal surpluses di-
rectly for tax cuts. Third, premature interest rate cuts by the US
Federal Reserve based on unfulfilled productivity expectations
would constitute a costly, long-term error.
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