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Abstract: This note responds to the comments by Garbellini (2026) on the treatment
of demand shocks in the Input-Output model in Stamegna et al. (2024). We show that
the increase in arms expenditure is correctly identified as an investment shock,
while increases in public expenditure on environmental protection, education, and
health services should be more appropriately interpreted as public consumption
shocks. Once import shares consistent with this interpretation are applied, the
central result of Stamegna et al. (2024) – namely, the higher employment effects of
civilian expenditure relative to arms procurement – is further reinforced, with only
minor changes in estimates. Furthermore, in Stamegna et al. (2024) the shares of
arms imports are estimated using data for European countries and, even under a
zero-import-share assumption, the main results are shown to be robust. Finally, we
show that reducing the dimensionality of the Input-Output table yields results that
are almost identical to those that we obtain here using the disaggregated tables.

Keywords: military expenditure; arms acquisition; input-output; economic impact;
military jobs

Our article, Stamegna et al. (2024), investigates the economic impact of public ex-
penditures on arms and civilian activities in Germany, Italy and Spain. We address
here the issues raised in the note by Garbellini (2026); we clarify some definitions and

*Corresponding author: Marco Stamegna, Faculty of Political and Social Sciences, Scuola Normale
Superiore – Sede di Firenze, Firenze, Italy, E-mail: marco.stamegna@sns.it
Chiara Bonaiuti, Arms Control Department, IRES Toscana, Firenze, Italy,
E-mail: chiara.bonaiuti@irestoscana.it
Paolo Maranzano, Department of Economics, Management and Statistics (DEMS), Università degli Studi
di Milano-Bicocca, Milano, Italy, E-mail: paolo.maranzano@unimib.it
Mario Pianta, Faculty of Political and Social Sciences, Scuola Normale Superiore – Sede di Firenze,
Firenze, Italy, E-mail: mario.pianta@sns.it

Peace Econ. Peace Sci. Pub. Pol. 2026; 32(1): 101–112

Open Access. © 2026 the author(s), published by De Gruyter. This work is licensed under the
Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/peps-2026-0004
mailto:marco.stamegna@sns.it
mailto:chiara.bonaiuti@irestoscana.it
mailto:paolo.maranzano@unimib.it
mailto:mario.pianta@sns.it


interpretations, introduce minor adjustments to the calculations of the import
shares, and we show that the main result of our article – namely, the higher
employment effects of civilian expenditures compared to arms expenditure – is
confirmed and strengthened.1

1. The basic problem in the type of investigation we conducted is the lack of official
data on the arms industry and on other relevant dimensions of its economic
impact.

A well-established method for assessing the economic impact of public expenditures
is Input-Output analysis, and the economic impact of defense spending in
comparison with civilian alternatives has already been investigated decades ago
(Leontief and Hoffenberg 1961; Leontief and Duchin 1983). Recent studies on the
United States have used I-O tables that explicitly identify defense as a separate sector,
with its own purchases of intermediate inputs from the rest of the economy, and
document defense investment in equipment as a separate component of final
demand. Using standard I-O multiplier methodology, these studies find that defense
spending generates lower employment effects than civilian alternatives (Pollin and
Garrett Peltier 2009; Peltier 2017; 2019; 2023).

For European countries, available I-O tables – OECD-ICIO – do not provide com-
parable information on purchases of intermediate inputs and capital goods by the
defense sector. These tables aggregate public administration and defense into a single
sector and do not distinguish between public investment in defense and in civilian
activities among final-demand components. As a consequence, they do not allow for the
identification of sectors supplying intermediate inputs and investment goods to the
defense sector.

Moreover, in national accounts weapon systems are recorded as capital goods,
although they have a different nature from that of machinery or equipment.

In order to investigate the economic impact of arms procurement, considering
the limitation of European data, the approach we adopted is to assess the composi-
tion of investment in arms using US data, and extend this structure to European
countries. In the article, we consider the three main industries involved in the
production of weapon systems in the US and we assume that a similar European
“arms sector” could be identified by the linear combination of such industries, with
their Input-Output structures (see Table 1 in Stamegna et al. 2024: 405).2

1 Data sources and replication files used in this note and in Stamegna et al. (2024) are available upon
request.
2 The relatively stable structure of arms production across major countries has been documented in
the literature. Comparative surveys show that national arms industries tend to exhibit similarities in
their sectoral composition, with leading firms typically concentrated in a common set of sec-
tors –most notably aerospace, shipbuilding, motor vehicles and electronics – despite cross-country
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In order to account for potential differences between the composition of the
arms industry in the US and in the EU countries under investigation, in our article
we have carried out a sensitivity analysis. We examined how variations in the
weights assigned to each component sector affect our results. The sensitivity
analysis shows that changes in the sectoral composition of the arms industry do
not significantly alter our findings (Stamegna et al. 2024, Section 4.1 and Figure 4,
pp. 410–412).

2. Estimates of the structure of the EU arms industry are particularly relevant as
Europe is currently experiencing a major increase in military expenditure,
with arms procurement growing faster than other components. This
motivates our analysis on the economic impact of a public-expenditure
shock in arms procurement that in national accounts is formally recorded
as investment.

In a few passages of our article, we incorrectly refer to the component sectors
involved in the production ofweapon systems as “intermediate input suppliers of the
arms industry”. We should refer to them as the sectors producing capital goods for
defense.3 This terminological issue does not affect the construction of the demand
shock, nor the resulting multiplier estimates. Indeed, our methodology consistently
identifies the “sectoral structure of arms production” reported in Table 1 Stamegna et
al. (2024: 405).

In order to implement the analysis, we first consider the extent to which the
arms procurement shock in European economies is directed towards imports,
leading to a leakage of demand (see below point 5 for methodology used). We
then identify the multiplier effects generated by purchases of capital goods for
defense, estimating their impact on domestic output and employment. More
specifically, we estimated the output and employment effects generated by the
activation of the sectors directly receiving the spending, their intermediate
input suppliers, and the broader supply chain. Further details on the

differences in specialization and scale (Haveman et al. 1993; Kopac 2006; Dunne and Smith 2016;
Evron and Bitzinger 2023). Moreover, the SIPRI methodology used to estimate arms transfer volumes
across countries relies on production-cost measures based on predefined categories of weapon
systems – such as aircraft, air defense systems, armoured vehicles, engines, sensors, and
ships – which can be broadly mapped into the manufacturing sectors we identified as the main
components of the arms industry (SIPRI 2025).
3 For terminological consistency, the following corrections should be introduced in Stamegna et al.
(2024: 405) “suppliers of intermediate inputs” and “intermediate input suppliers” should be replaced
with “component sectors”.
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methodology used are provided in the article (Stamegna et al. 2024: 403, and in
the Appendix).

3. The economic impact of arms procurement should be assessed in comparison
with alternative uses of public expenditure. In our analysis, we considered
expenditures on environmental protection, education, and health activities.
Information on public expenditures in Europe is provided by the Eurostat
COFOG database; in Figure 3 (Stamegna et al. 2024: 402) we have presented
comparable data on investment in arms, environmental protection, education,
and health.

When we move to the Input-Output analysis, we have to turn to the NACE Rev. Two
classification adopted in OECD-ICIO tables, that includes the sectors “Water supply,
sewerage, waste management, and remediation activities”, “Education”, and
“Human health and social work activities”.4

I-O tables provide information on the flow of intermediate inputs activated by
a final demand shock on such industries, but do not include information on in-
vestment undertaken by each sector; therefore, the economic impact of purchases
of capital goods by these sectors cannot be explicitly modelled within this
framework.

Public expenditure shocks for these sectors should therefore be more
appropriately interpreted as public final consumption shocks. The aim of our
analysis is to quantify the output and employment effects of public final
consumption shocks directed to the “Water supply, sewerage, waste management,
and remediation activities”, “Education”, and “Human health and social work
activities” sectors.

In a few passages of the article, we incorrectly refer to the expenditures asso-
ciated with increased demand for these sectors as capital-account expenditures. We
should instead refer to public final consumption expenditures.5

4 These NACE sectors do not coincide exactly with the COFOG divisions “Environmental protection”,
“Education”, and “Health”, which classify public spending functions (Eurostat 2019; 2022). The focus
of our analysis is exclusively on the NACE sectors.
5 For terminological consistency, the following corrections should be introduced in Stamegna et al.
(2024).

– pp. 403, 413: “public capital expenditure in” should be replacedwith “publicfinal consumption
expenditure on”;

– bottom of p. 405, 406, 410 (last line), 411: the term “investment” should be removed;
– pp. 407, 408, 410, 412, footnote 13, 413, 414: the term “investment” should be replaced by

“expenditure”;
– p. 414: the term “investing” should be replaced by “expenditure”.
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There is, of course, an asymmetry between the capital good classification of
arms procurement, on the one hand, and the focus on consumption expenditures
in environmental protection, education, and health activities, on the other.
However, this asymmetry is justified not simply by data limitations, but also by
the dominance of consumption expenditures in the three civilian areas, that
largely shape their overall economic impact.

4. In the article, the import shares associated with expenditures on environmental
protection, education, and health were calculated from Input-Output tables by
measuring, for each sector, the share of investment demand for the goods it
produces that is met by imports. For consistency with the consumption-
expenditure approach adopted in the analysis, import shares should be calcu-
lated referring to government final consumption demand for environmental
protection, education, and health services.6

Table 1 below replaces Table 2 in Stamegna et al. (2024), showing that import
shares for the three sectors (column 2) are even lower than in the original
version. The resulting output and employment effects are presented in Table 2,
that replaces Table 3 in Stamegna et al. (2024). The import shares based on
government final consumption are lower than those calculated on investment
demand and the multipliers for the civilian sectors are therefore higher. Finally,
Table 3 replaces Table 4 in Stamegna et al. (2024) and reports the employment
impact of the cumulative increase in arms expenditure over the period
2013–2023, together with the potential employment impact if the same
amount had been devoted to civilian alternatives, expressed in terms of jobs/
year.7

Since the import shares based on government final consumption are lower
than those calculated on investment demand, this correction further strengthens

6 For terminological consistency, the following corrections should be introduced in Stamegna et al.
(2024).

– p. 406: the term “final capital goods” should be replaced with “final goods”;
– p. 407: the term “ratio of investment demand”, should be replaced with “ratio of public

consumption demand”,
– p. 410: the term “final investment demand” should be replacedwith “final public consumption

demand”.
7 Figure 4 updatedwith the revised data is almost identical to that presented in the paper. Results for
arms do not change; for environmental protection, education, and health services, the employment
effects – due to the very low import propensity of final demand for such industries – are always very
close to the results of Scenario C, where imports are assumed to be zero. The updated figure is
available upon request.
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our results, with very modest changes in the estimates. Our findings – namely, that
arms procurement generates lower output and employment effects than the
civilian alternatives considered – not only remain valid but are, if anything,
reinforced.

5. The claims that we relied on US BEA tables to estimate European arms import
shares and that our results are “driven almost entirely by the assumed import
shares rather than by the underlying input-output structure” (Garbellini 2026)
are incorrect.

As clearly stated in Stamegna et al. (2024, Section 3.2, p.406), the shares of arms
imports in total arms procurement are calculated using WMEAT and NATO data as
the ratio of “Imports of arms (goods & services)” to “Defence expenditure in
equipment”, using data for Germany, Italy, and Spain. SinceWMEAT data on imports
are available only up to 2019, values for the period 2020–2023 were obtained through

Table : Output multipliers for arms, environment, education, and health.

Germany

Multiplier of final demand
(domestic + final imports)

Share of
imports (%)

Multiplier of final demand
for the national economy

Arms . . .
Environment . . .
Education . . .
Health . . .

Italy

Multiplier of final demand
(domestic + final imports)

Share of
imports (%)

Multiplier of final demand
for the national economy

Arms . . .
Environment . . .
Education . . .
Health . . .

Spain

Multiplier of final demand
(domestic + final imports)

Share of
imports (%)

Multiplier of final demand
for the national economy

Arms . . .
Environment . . .
Education . . .
Health . . .

106 M. Stamegna et al.



Ta
bl
e

:
O
ut
pu

ta
nd

em
pl
oy
m
en
te

ff
ec
ts
of


,


€
m
ill
io
n
ex
pe
nd

itu
re
s
fo
ra

rm
s,
en
vi
ro
nm

en
t,
ed
uc
at
io
n,
an
d
he
al
th
.

G
er
m
an

y

D
om

es
tic

ou
tp
ut

eff
ec
ts

(m
ill
io
ns

€)
Em

pl
oy

m
en

t
re
qu

ir
em

en
ts

(F
TE
)

pe
r
m
ill
io
n
eu

ro
s
of

di
re
ct

ou
tp
ut

D
om

es
tic

em
pl
oy

m
en

t(
FT
E)

eff
ec
ts

(t
ho

us
an

ds
em

pl
oy

ee
s)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

Ar
m
s




.





.



,


.



.



.



.



.


En
vi
ro
nm

en
t


,


.





.



,


.



.



.



.



.


Ed
uc
at
io
n


,


.





.



,


.



.




.



.




.


H
ea
lth


,


.





.



,


.




.




.



.




.


It
al
y

D
om

es
tic

ou
tp
ut

eff
ec
ts

(m
ill
io
ns

€)
Em

pl
oy

m
en

t
re
qu

ir
em

en
ts

(F
TE
)

pe
r
m
ill
io
n
eu

ro
s
of

di
re
ct

ou
tp
ut

D
om

es
tic

em
pl
oy

m
en

t(
FT
E)

eff
ec
ts

(t
ho

us
an

ds
em

pl
oy

ee
s)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

Ar
m
s




.





.





.



.



.



.



.


En
vi
ro
nm

en
t


,


.





.



,


.



.



.



.



.


Ed
uc
at
io
n


,


. 





.



,


.




.




.



.




.


H
ea
lth


,


.





.



,


.



.



.



.




.


Sp
ai
n

D
om

es
tic

ou
tp
ut

eff
ec
ts

(m
ill
io
ns

€)
Em

pl
oy

m
en

t
re
qu

ir
em

en
ts

(F
TE
)

pe
r
m
ill
io
n
eu

ro
s
of

di
re
ct

ou
tp
ut

D
om

es
tic

em
pl
oy

m
en

t(
FT
E)

eff
ec
ts

(t
ho

us
an

ds
em

pl
oy

ee
s)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

Ar
m
s




.





.



,


.



.



.



.



.


En
vi
ro
nm

en
t


,


.





.



,


.



.



.



.




.


Ed
uc
at
io
n


,


.





.



,


.




.




.



.




.


H
ea
lth


,


.





.



,


.




.




.



.




.


Sectoral investment in input-output frameworks 107



linear interpolation and linear projection using SIPRI data on arms transfers for the
respective countries (Stamegna et al. 2024, Appendix, p. 417). The resulting import
shares are high but fully consistent with available official reports and policy
documents at the EU and national levels.8

In Stamegna et al. (2024, columns 1 in Table 2 and Figure 4, Scenario C), we
showed the results under the assumption of zero final import shares, when both
military and civilian demand is entirely satisfied by domestic production. The output
multiplier is highest for environmental protection, followed by arms expenditure;
the employment effects in all civilian activities are greater than those of arms. Our
main results are therefore not affected by the consideration of import shares.

6. A further comment from Garbellini (2026) concerns the use of a 7 × 7 Input-
Output table, in which all sectors other than those under examination are
aggregated into a single residual category called “Other sectors”. It is certainly
true that this aggregation reduces the level of detail available for assessing the
supply-chain effects operating through other industries. However, its impact on
the results is negligible, since the bulk of the effects of increased expenditure is
concentrated in the industries directly receiving the demand shock.

Tables 4 and 5 report the same estimated results as Tables 1 and 2, using the original
45 × 45 Input-Output table.

The results are almost identical to those reported in Tables 1 and 2.

7. In conclusion, we can argue that:

Table : Additional new jobs resulting from the cumulative increase in expenditure (–).

Germany Italy Spain

Cumulative increase in arms expenditure relative to  (billions €) . . .
Additional annual jobs resulting from increased expenditure in –

(thousands employees)
Arms . . .
Environment . . .
Education . . .
Health . . .

8 For instance, the Draghi Report calculates that between June 2022 and June 2023, 78 % of the
increase in defense investment by EUMember States has been directed to non-EU producers (Draghi
2024). In the case of Italy, policy simulations on the impact of defense spending conducted by the
Parliamentary Budget Office assumes that 60 % of additional defense investment demand is met by
imports (UPB 2025) – an assumption that is almost identical to our own estimate (59.28 %).
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a. In the case of arms expenditure, we focused on the sectors producing capital
goods for defense. This is the correct way for assessing the impact of a shock
in the demand for arms.

b. In the case of civilian activities, most expenditure is public final consump-
tion and we focus on the impact of such an expenditure shock. We had
mistakenly referred to them as capital expenditures, and we have provided
here the relevant correction.

c. The assessment of the demand effects on the domestic economy has to
consider the relevance of imports, that are shown in Table 1. For both arms
and civilian expenditures, import shares are calculated using data for
Germany, Italy, and Spain. Even in our Scenario C in Figure 4, where imports
are not considered, the employment effects of all civilian activities are
greater than those of arms. Our results are therefore robust.

Table : Output multipliers for arms, environment, education, and health ( ×  I-O table).

Germany

Multiplier of final demand (do-
mestic + final imports)

Share of
imports (%)

Multiplier of final demand for
the national economy

Arms . . .
Environment . . .
Education . . .
Health . . .

Italy

Multiplier of final demand (do-
mestic + final imports)

Share of
imports (%)

Multiplier of final demand for
the national economy

Arms . . .
Environment . . .
Education . . .
Health . . .

Spain

Multiplier of final demand (do-
mestic + final imports)

Share of
imports (%)

Multiplier of final demand for
the national economy

Arms . . .
Environment . . .
Education . . .
Health . . .

Sectoral investment in input-output frameworks 109



Ta
bl
e

:
O
ut
pu

ta
nd

em
pl
oy
m
en
te

ff
ec
ts
of


,


€
m
ill
io
n
ex
pe
nd

itu
re
s
fo
ra

rm
s,
en
vi
ro
nm

en
t,
ed
uc
at
io
n,
an
d
he
al
th

(

×


I-O

ta
bl
e)
.

G
er
m
an

y

D
om

es
tic

ou
tp
ut

eff
ec
ts

(m
ill
io
ns

€)
Em

pl
oy

m
en

tr
eq

ui
re
m
en

ts
(F
TE
)

pe
r
m
ill
io
n
eu

ro
s
of

di
re
ct

ou
tp
ut

D
om

es
tic

em
pl
oy

m
en

t(
FT
E)

eff
ec
ts

(t
ho

us
an

ds
em

pl
oy

ee
s)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

Ar
m
s




.





.



,


.



.



.



.



.


En
vi
ro
nm

en
t


,


.





.



,


.



.



.



.



.


Ed
uc
at
io
n


,


.





.



,


.



.




.



.




.


H
ea
lth


,


.





.



,


.




.




.



.




.


It
al
y

D
om

es
tic

ou
tp
ut

eff
ec
ts

(m
ill
io
ns

€)
Em

pl
oy

m
en

t
re
qu

ir
em

en
ts

(F
TE
)

pe
r
m
ill
io
n
eu

ro
s
of

di
re
ct

ou
tp
ut

D
om

es
tic

em
pl
oy

m
en

t(
FT
E)

eff
ec
ts

(t
ho

us
an

ds
em

pl
oy

ee
s)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

Ar
m
s




.





.





.



.



.



.



.


En
vi
ro
nm

en
t


,


.





.



,


.



.



.



.



.


Ed
uc
at
io
n


,


.





.



,


.




.




.



.




.


H
ea
lth


,


.





.



,


.



.



.



.




.


Sp
ai
n

D
om

es
tic

ou
tp
ut

eff
ec
ts

(m
ill
io
ns

€)
Em

pl
oy

m
en

t
re
qu

ir
em

en
ts

(F
TE
)

pe
r
m
ill
io
n
eu

ro
s
of

di
re
ct

ou
tp
ut

D
om

es
tic

em
pl
oy

m
en

t(
FT
E)

eff
ec
ts

(t
ho

us
an

ds
em

pl
oy

ee
s)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

D
ir
ec
t(

)

In
di
re
ct

(
)

To
ta
l(

)=

(
)+

(
)

Ar
m
s




.





.



,


.



.



.



.



.


En
vi
ro
nm

en
t


,


.





.



,


.



.



.



.




.


Ed
uc
at
io
n


,


.





.



,


.




.




.



.




.


H
ea
lth


,


.





.



,


.




.




.



.




.


110 M. Stamegna et al.



d. Considering the lack of information on defense investment in the Input-
Output Tables for European countries, we had to assume that arms pro-
ducing industry has a structure similar to the US. In order to test the
robustness, we carried out a sensitivity analysis and our findings are not
significantly altered by variations in the weights assigned to each compo-
nent sector (Stamegna et al. 2024, Section 4.1 and Figure 4, pp. 410–412).

e. Using the full 45 × 45 Input-Output table or a compact 7 × 7 Input-Output
table – where sectors outside the investigation are aggregated into a single
one – yields almost identical results, as shown in the comparison of Tables 4
and 5 with Tables 1 and 2.

In short, the results presented in Stamegna et al. (2024) – namely, the higher
employment effects of expenditures in environmental protection, education, and
health, compared to arms expenditure – are robust. When civilian expenditure
shocks are correctly interpreted, and import shares for these activities are appro-
priately calculated on government final consumption demand, the results are
further reinforced, with minimal changes in the estimates of the effects on output
and employment.
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