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= Innovation = Positive Externalities (Arrow 1972) =
Government Intervention (grants, subsidies, tax credits)
= Literature shows:

Public R&D 1 = Innovation T = g 7
However, no answer on how to finance: deficits or taxes?

Why it matters:

= Policy Implications (Draghi, ReArm Europe, Maastricht)
= Few Theoretical Models on public debt's effect on innovation
(and almost all ignore capital!)
= Taxation can harm innovation (Akcigit and Stantcheva 2020)
= Debt is also harmful for innovation (Today's Model)
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Motivation and Main Reasoning

Main ldea

= Labor/Consumption taxes = Welfare loss/ Disliked
= Firm taxes 1 = Innovation |
= So instead, maybe finance subsidies with debt?

Mechanism
Debt (b) T < Subsidiest = (r—g) | = r<g
Cost of Debt Sustainability with 0 taxes

However, this logic ignores

= b1 = k| (crowding-out)
» g =g(k), g’(k) > 0 (Howitt and Aghion 1998; Aghion and

Howitt 2017)
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Research Question & Progress

Research Question: Should R&D subsidies be financed with
debt instead of taxes?

1. Free lunch? (r < g)
2. Welfare Implications

Contributions

1. Today: Theoretical Model (Debt — Innovation)
= Perpetual Youth + Schumpeterian Growth
= Capital Accumulation
= b*t = (r* —g*)T < Cost of Debt 1
2. Future: Use debt-financed subsidies to answer debt or tax
financing of subsidies.
3. Future: Quantitative Exercise
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Literature

Empirical (<= Model replicates results qualitatively)

= Public R&D on Innovation Inputs (private R&D expenditures) and Outputs
(patents etc.) (Almus and Czarnitzki 2003; Rao 2016; Howell 2017; Acconcia
and Cantabene 2018)

= Debt on growth (Reinhart and Rogoff 2010; Checherita-Westphal and Rother
2012; Woo and Kumar 2015; Chudik, Mohaddes, Pesaran, and Raissi 2017)

Theoretical (<= Model: Debt Sustainability + Capital + Creative Destruction )

= Creative Destruction (Howitt and Aghion 1998; Huetsch, Krueger, and Ludwig
2023)

= Debt & Innovation (Ferraro and Peretto 2020; Cozzi 2023; Minami and Horii
2025)

= Debt Sustainability (Blanchard 2019; Angeletos, Lian, and Wolf 2024; Minami
and Horii 2025)

In the Future (<= Answer: Debt/Tax Financing of R&D programs)

= Public Finance (Krueger and Ludwig 2016)
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Perpetual Youth! + Schumpeterian Growth (with capital)?

= t continuous

= 1 Final Good (PC)

i € [0, 1] Intermediate goods (MC)

= Innovation (improves quality of i € [0, 1])
Perpetual Youth Households (OLG)

= Government R&D subsidies

1. Perpetual Youth (breaks Ricardian Equivalence)
2. Labor Productivity decreases with Age (allows r < g)

!Blanchard 1985
2Howitt and Aghion 1998; Aghion and Howitt 2017
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Production - Final Good

= Competitive Final Good Firm

1
V() = Z [ (@)L x(0)d (1)

g; : quality of i good, x;(t) : quantity of i good, Z : scaling
parameter, L = 1 labor

= This implies
1. Labor Demand:

w(t) =(1- a)Z/O qi(t) " xi(t)*di (2)
2. Demand for i good
pi(t) = aZq;(t)“x;(t)** (3)
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Production - Intermediate Good Sector

= Monopolistic Competition
= i€ [0,1] firm solves3

max (pi(t)xi(t) — r(t)xi(t)), s.t. (3)

xi(t)
= i production x;(t) = Kj(t) & Capital MC =
xi(t) = qi(t)k(t) (4)
r(t) = o Zk(t)* ! (5)
mi(t) = a(l — a)Zqgi(t)k(t)” (6)
where:

k(t) := K(1)/Q(1),
Q(t) := fol qi(t)di is Aggregate Quality (TFP)

3No capital depreciation
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Production - Aggregates

= Qutput
Y(t) = ZQ(t)k(t)" (7)

= Profits

1
() :/O mi(t)di = a(l — a)ZQ(t)k(2)® 8)
= Wage
w(t) = (1 — a)ZQ(t)k(t)* 9)
Note
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Innovation Sector

= Successful Innovation:

1. g — Agi (A>1)
2. Innovator replaces i monopolist (Creative Destruction)

= Flow rate of Innovation (Acemoglu 2008)

oi(tlqi(t)) =n

Ri(t) : Private R&D by innovator i
= Value of Firm i

V(tlqi(t)) = r(t) +7T</;f(?|q,'(t)) "

9/23



Innovation Sector

= Government Subsidy: oR;(t), o € (0,1)

= Free Entry implies

Si(tIA " (1) V(tlgi(t) = (1 - o) Ri(t)

= Equilibrium Flow Rate (using (8),(12),(13))

Bk ) 1= 61(6) = Z[ = Pk(e) - k(o) ]
(12)
= Using (12)
Ri(t) = ;qi(rw(k(r); o) = (13)
R(t) = j]o(t)qs(k(r); o) (14)
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Aggregate Growth

= Growth Rate for Aggregate Quality Q(t)

g(k():0) = ggg = (A~ Dok(tio)  (15)

= BGP Growth Rate

= Partial Equilibrium:

1. 9g/do >0
2. dg/k >0
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Households

s Time of birth
1 Poisson death rate
Population:

t
N = / pe M=) ds = 1

Labor Supply = Inelastic

£e=P(t=9) Labor Productivity (decreasing over lifetime)*
€= B# (= Aggregate Productivity = 1)

Households participate in an innovation fund according to
their productivity (exogenously spend for R&D and earn
profits®)

*This is assumed only to allow for dynamic inefficiency r < g (see Blanchard
1985; Saint-Paul 1992; Minami and Horii 2025)
®See Nuno 2011
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Household Optimization

Household born at s solves

max / e~ Pt In(c(s, t)) d7 (17)

c(s,t),a(s,t) Jt

s.t.
a(s, t) = (r(t) + p)a(s, t) + €e PEVF(t) — (s, 1) (18)
f(t) == (1 — 7(t))w(t) + 7(t) — (1 — o) R(t)
limT_oc€” frT(r(VH“)dVa(s, T)=0

Euler Equation:

¢(s, t) = (r(t) = p)e(s; 1) (19)
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Household Aggregation

= Consumption Function

T T
c(s,t) = (p+p) {a(s7 t) + Ee=At=s) / e J. (r(v)”w)dvf(r)dT}

t
(20)
= Aggregating® yields

1. Aggregate Euler Equation:

C(t) = (r(t) + B = p)C(t) — (u+ B)(n+ p)At)  (21)

2. Aggregate Budget Constraint:

X(t):= [*_ x(s,t)ue *=*)ds
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Government

Government:

= B(t), Debt (1-period bonds)
= G(t) = oR(t), Innovation Subsidy

= T(t) = 7(t)w(t), Proportional labor taxes’

Government Budget Constraint:

B(t) = r(t)B(t) + o R(t) — 7(t)w(t) (23)

"Because of the inelastic labor, they are essentially Lump-sum taxes
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Competitive Equilibrium

Market Clearing®:
A(t) = K(t) + B(t) (24)

Use (23)—(26) and de-trend® by dividing by Q(t) to get:
Model Equations

e(t) = [r(t) + B — p — g(k(t); 0)]e(t) — (1 + B)(u + p)[K(2) + b(t)]

(25)
k(t) = y(t) — 28 —c(t) — g(k(t); o)k(t) (26)
56) = () (k{0 o)+ 0 — (20
b(t) = [r(t) — g(k(t); o)]b(t) + ) (t)Q(t) (27)

where ¢ := C/Q and b:= B/Q 16/23



Equilibrium Properties - Existence

Proposition 1 - Existence

Let the economy be characterized by equations (25) and (26).
Assume that k(0) > k9 and that the government stabilizes debt
at b* < b'1. Then 3k € (k, +00) such that the economy has at
least one steady state (k*, c*) >> 0 with k* € (k, k)

2 252
11 a‘Z 1

T (B (e
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Phase Diagram
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Figure 1. Phase Diagram and Directional vectors.
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Equilibrium Properties - Comparative Statics

Proposition
Let (k*,c*) be a steady state for equations (27),(28) that is
characterized by saddle-path stability. Then,

(%*(r -g%)>0

Heuristic Proof: An increase in b* crowds out capital. This
increases the steady state interest rate r* = a2Zk**~! and

decreases the steady state growth rate
g*(k*;O') _ ( o 1)2[ 1 (¢} n)\k*a o an*a—l]

19/23



Comparative Statics

2.5
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-0, b
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o steady states

Figure 2: Effect of an increase of b* to b**
b*t=ct=kl=(r"—g")1
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Steady-state results for Various B*/Y*

B*/Y* k* C*/Y* r* ¢* g* r*—g* K*/Y* Stability

0% 2.1646 0.5631 0.0332 0.2611 0.0444 —0.0112 3.3467 Yes
25% 2.0327 0.5757 0.0346 0.2536 0.0431 —0.0085 3.2093 Yes
50% 1.9085 0.5879 0.0361 0.2461 0.0418 —0.0057 3.0772 Yes

100% 1.6715 0.6121 0.0394 0.2305 0.0392 0.0003 2.8169 Yes
150% 1.4588 0.6355 0.0432 0.2148 0.0365 0.0067 2.5725 Yes
200% 1.2674 0.6585 0.0474 0.1988 0.0338 0.0136 2.3423 Yes

Table 1: Steady-state results for different values of B*/Y*

Parameter Description Value Source

@ Capital share 1/3  Standard

A Innovation step size 1.17 Ad hoc

n R&D productivity per quality 1.4  Ad hoc

o Subsidy rate 0.2 Ad hoc

p Pure rate of time preference 0.01  Implied 1/(1 + p) = 0.99
©w Poisson death rate 0.1  Blanchard (1985)

B8 Labor productivity depreciation rate  0.25 Ad hoc

z Output scaling factor 0.5 Ad hoc

Table 2: Model parameter values
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Conclusion

= This project aims to answer:

Should public R&D subsidies aimed at startups be
financed with Public Debt?

= Built a model that:

1. Studies effects of Debt on Innovation
2. Takes into account capital crowding out effects

3. Allows r < g (< Debt Sustainability with T=0)

= Model: Debt | = Innovation T = (r —g) |
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Theoretical:

1. Debt-Financed Subsidies (Policy Counterfactuals)

2. Welfare analysis (Krueger and Ludwig 2016)

3. Stochastic Environment (Blanchard 2019) (separate rf and r
and remove f3)

Empirical:

= Calibration (7, \) to estimate elasticities of ¢, (r — g) on
debt-financed subsidies (Using aggregates of SMEs - Orbis,
EPO)

Solve Issues:

= Not as analytical as | hoped
= Dependent on 3 (will be solved with stochastic environment) 23/23



References i

[8 Acconcia, Antonio and Claudia Cantabene (2018). “Liquidity
and firms’ response to fiscal stimulus”. In: The Economic
Journal 128.613, pp. 1759-1785.

[8 Acemoglu, Daron (2008). Introduction to modern economic
growth. Princeton university press.

[§ Aghion, Philippe and Peter Howitt (2017). “Some Thoughts
on Capital Accumulation, Innovation, and Growth”. In:
Annals of Economics and Statistics 125/126, pp. 57—78. 1SSN:
21154430, 19683863. URL: http:
//www.jstor.org/stable/10.15609/annaeconstat2009.125-
126.0057 (visited on 04/07/2025).

23/23


http://www.jstor.org/stable/10.15609/annaeconstat2009.125-126.0057
http://www.jstor.org/stable/10.15609/annaeconstat2009.125-126.0057
http://www.jstor.org/stable/10.15609/annaeconstat2009.125-126.0057

References ii

[§ Akcigit, Ufuk and Stefanie Stantcheva (2020). Taxation and
innovation: What do we know? Tech. rep. National Bureau of
Economic Research.

[d Almus, Matthias and Dirk Czarnitzki (2003). “The Effects of
Public RD Subsidies on Firms’ Innovation Activities: The
Case of Eastern Germany”. In: Journal of Business Economic
Statistics 21.2, pp. 226-236. 1SSN: 07350015. URL:
http://www.jstor.org/stable/1392458 (visited on 04/15/2025).

[§ Angeletos, George-Marios, Chen Lian, and Christian K Wolf
(2024). “Can Deficits Finance Themselves?” In:
Econometrica 92.5, pp. 1351-1390.

23/23


http://www.jstor.org/stable/1392458

References ii

[3 Arrow, Kenneth Joseph (1972). Economic welfare and the
allocation of resources for invention. Springer.

[§ Blanchard, Olivier (2019). “Public debt and low interest
rates”. In: American Economic Review 109.4, pp. 1197-1229.

[§ Blanchard, Olivier J (1985). “Debt, deficits, and finite
horizons”. In: Journal of political economy 93.2, pp. 223-247.

[§ Checherita-Westphal, Cristina and Philipp Rother (2012).
“The impact of high government debt on economic
growth and its channels: An empirical investigation for the
euro area”. In: European economic review 56.7, pp. 1392-1405.

23/23



References iv

[§ Chudik, Alexander, Kamiar Mohaddes, M Hashem Pesaran,
and Mehdi Raissi (2017). “Is there a debt-threshold effect
on output growth?” In: Review of Economics and Statistics 99.1,
pp. 135-150.

[§ Cozzi, Marco (2023). “Public debt and welfare in a
quantitative Schumpeterian growth model with
incomplete markets”. In: Journal of Macroeconomics 77,

p. 103539. 1ssN: 0164-0704. DOTI:
https://doi.org/10.1016/j. jmacro.2023.103539. URL:
https://www.sciencedirect.com/science/article/pii/

S50164070423000393

23/23


https://doi.org/https://doi.org/10.1016/j.jmacro.2023.103539
https://www.sciencedirect.com/science/article/pii/S0164070423000393
https://www.sciencedirect.com/science/article/pii/S0164070423000393

References v

[§ Ferraro, Domenico and Pietro F Peretto (2020).
“Innovation-led growth in a time of debt”. In: European
Economic Review 121, p. 103350.

[8 Howell, Sabrina T (2017). “Financing innovation: Evidence
from R&D grants”. In: American economic review 107.4,
pp. 1136-1164.

[§ Howitt, Peter and Philippe Aghion (1998). “Capital
accumulation and innovation as complementary factors in
long-run growth”. In: Journal of Economic Growth 3,
pp. 111-130.

23/23



References vi

[§] Huetsch, Leon, Dirk Krueger, and Alexander Ludwig (2023).
The Medical Expansion, Life-Expectancy and Endogenous
Directed Technical Change. Centre for Economic Policy
Research.

[§ Krueger, Dirk and Alexander Ludwig (2016). “On the optimal
provision of social insurance: Progressive taxation versus
education subsidies in general equilibrium”. In: Journal of
Monetary Economics 77, pp. 72-98.

[3 Minami, Katsunori and Ryo Horii (2025). “Growth promotion
policies when taxes cannot be raised”. In: ISER DP 1258R.

23/23



References vii

[§ Nuno, Galo (2011). “Optimal research and development
and the cost of business cycles”. In: Journal of Economic
Growth 16, pp. 257-283.

[4 Rao, Nirupama (2016). “Do tax credits stimulate R&D
spending? The effect of the R&D tax credit in its first
decade”. In: Journal of Public Economics 140, pp. 1-12.

[§ Reinhart, Carmen M. and Kenneth S. Rogoff (2010). “Growth
in a Time of Debt”. In: American Economic Review 100.2,
573-78. DOI: 10.1257/aer.100.2.573. URL: https:
//www.aeaweb.org/articles?id=10.1257/aer.100.2.573.

23/23


https://doi.org/10.1257/aer.100.2.573
https://www.aeaweb.org/articles?id=10.1257/aer.100.2.573
https://www.aeaweb.org/articles?id=10.1257/aer.100.2.573

References viii

[§ Saint-Paul, Gilles (1992). “Fiscal policy in an endogenous
growth model”. In: The Quarterly Journal of Economics 107.4,
pp. 1243-1259.

[4 Woo, Jaejoon and Manmohan S Kumar (2015). “Public debt
and growth”. In: Economica 82.328, pp. 705-739.

23/23



Appendix

The dynamic equations that describe the economy are
. 1—
k(t) = — z(n — 1) QL= MA | pyas
l1-0
a(l—a)
1

Zo?

+ 2(1 - T 1)a2) K(e) + 50 (e () (28)

&(t) = {— Z(A—1)

+(B=p)c(t) = (n+ )1+ p) [k(t) + b(1)] (29)

a(l—a)nA
1

K(£)® + Z a® A k(t)“_l} c(t)

b(t) = [r(k(t)) — (A~ 1)Z {Wk(t)“ - azk(t)ufl} IEG)

A=A oy — ()| - () (1 ) ZK()" (30)

1—0o

+EZ{
"

» Back to Talk
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Appendix - Sustainability

The solution to Governments ODE is

b(T) fT[r(u —g(k(u) } du

[b(t / Sl o] av (T(u) (1 - @) Z k(u)® — %¢(k(u);a)) du:|

PDV of Future Surpluses

ODE converges if:

= r < g (in this case 7 — 0)
= b(t) < PDV of Future Surpluses

» Back to Talk
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Appendix - Steady State Taxes

At the Steady state k* = k(b*, o) with kp« < 0 and k, < 0.
Steady State GBC:

0= [r(k(b*,o))—g(k(b*,a);a))] b*+%¢(k(b*,a); o) - w(k(b*,0)) =
[r(k(b*,0)) = g(k(b",0); 0))|b* + Z(K(b", 0); )

w(k(b*, 7))

At SS, if b* and o are too low, then r* — g* < 0, then there is room for

T =

7+ to decrease at the steady state with an increase in b*, 0. (could be
also set to 7* = 0 for very low debts, as in that case r<g)
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Appendix - Complete Phase Diagram

Vector Field

— = ()

2 ||| — = ()

o (k)

Figure A.1: Untrimmed Phase Diagram
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Appendix - r — g for different o

r - g vs o with Stability Regions
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Figure A.2: Effect of different o to r — g (under fixed b*)
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