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Executive Summary

This paper investigates how an increase in military expenditures affects an economy. It is written in
the context of rising geopolitical tensions that have spurred increased military spending in the United
States, Europe, and other economic areas. It draws on a large literature in macroeconomics, public
finance, defense and peace studies, economic history, and the study of productivity to evaluate the

short- and long-run consequences of rearmament. The paper’s main conclusions are as follows.

= There is broad consensus that the economy expands to accommodate at least part of the
increased defense spending, production, procurement, and employment. There is some dis-
agreement on the magnitude of this expansion and whether military spending crowds out or
stimulates the private sector. The effects will depend on the context, including the ECB's
response and the source of financing. A conservative estimate is that the Europe-wide GDP
will grow by 0.9% to 1.5% if defense spending increases from 2% to 3.5% of GDP. This implies
only a limited tradeoff between armament and private consumption in the short run in the

short run.

= GDP growth will be smaller, possibly negative, if the increases are financed with tax increases
rather than borrowing. Increases in defense spending should be mostly financed through public
debt. This is particularly true of temporary increases in spending. But permanent buildups
should also be initially financed through public debt, because of the durable nature of defense

procurement.

= The evidence is clear that military spending is no more harmful in recessions than in economic

booms, so that spending should either be countercyclical or smoothed over the cycle.

= The long-run productivity gains from military spending may be substantial. The best exam-
ples of public research and development are for military applications and there is evidence of
spillovers to the private sector. A transient 1% of GDP increase in military spending could in-
crease long-run productivity by a quarter of percent both through learning-by-doing and R&D.
The returns to public R&D are particularly high and may pay for themselves. R&D spending
has been identified as one of the three main keys to addressing Europe’s lagging productivity

in the Draghi report.

= Nearly 80% of European defense procurement is imported from non-EU suppliers. Harnessing
the long-run technological gains from military spending requires far more of European defense

spending to be procured from Europe.
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» Defense is a European public good and should be far more coordinated: organized and/or

financed at the European level.

= European defense procurement is directed to larger firms relative to the US, on average. Smaller
defense contractors are more likely to have “dual use” technologies and lead to larger spillovers
to the private sector. Further, the doctrine of “dual sourcing” whereby the government con-
tracts multiple suppliers for the same project or different parts thereof may foster competition
and knowledge spillovers. In the European context, one can imagine a dual-sourcing policy
across countries that has the added benefit of international knowledge spillovers and spreading

procurement more evenly among EU member states.

= Setting percent-of-GDP targets for military spending is counterproductive. It may lead to
procyclical macroeconomic policies and dis-incentivize efficient procurement. Instead, one
should conduct a long-run cost-benefit analysis of the materiel and personnel requirements
against their expected fiscal cost and allow procurement to achieve the highest quality at

lowest cost possible.

Ethan llzetzki*
London School of Economics
e.ilzetzki®@Ise.ac.uk
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1 Introduction

Since Russia’s invasion of Ukraine in 2022, the EU has committed more than €240 billion in financial,
military, and humanitarian assistance, of which roughly €120 has been allocated (Ukraine Support
Tracker, October 2024). The threat of Russian expansionism has also encouraged several member
states to increase military spending to support Europe’s defensive capabilities. The US defense
budget for 2025 is forecast at $850 billion, up 20% since the onset of the war in Ukraine. 1. The
incoming UK government has committed to increase defense spending, already projected at 3.2% of
GDP in 2024.> Nato members have committed to increase defense spending to 2% of GDP, with
recent discussions of a 3% target.3 4

With no end to the Ukraine war in sight, the war in Middle East at risk of spreading to a regional
conflict, and tensions rising in the South China sea, it is likely that elevated defense spending will be
the new normal of the second quarter of the 215t century. What will the economic effects of military
expansions be? This article attempts to summarize a very diffuse and varied literature on the topic.

At the end of the Cold War, there was a widespread impression that wars will gradually become
a thing of the past, will be limited to civil wars, or contained to specific regions. For this reason, the
explicit study of the economic effects of military spending has declined over the past three decades.
Nevertheless, military spending has been used as an instrument for government spending, as | discuss
in Section 2, and has been used as an exemplar of industrial policy, as discussed in Section 3. This
article attempts to piece together the evidence from these writings and from earlier, Cold-War era,
studies.

The remainder of the paper is organized as follows. Section 2 summarizes the evidence on the
short-run implications and Section 3 on the long-run implications of military buildups. The short-run
literature draws on the literature on fiscal multipliers, which has often used military buildups to
identify government spending shocks. There is broad consensus that fiscal multipliers are positive,
meaning the economy expands when military spending increases. Estimates vary on whether military
spending crowds out or stimulates economic activity, often depending on context. Few estimates
are so large that the expansion pays for itself, implying there is a fiscal cost to bear. There is

some evidence that the economy expands more when unemployment is high, suggesting that military

"https://www.defense.gov/News/Releases/Release/Article/3703410/department-of-defense-releases-
the-presidents-fiscal-year-2025-defense-budget/

*https://commonslibrary.parliament.uk/research-briefings/cbp-8175/#: ~%3Atext=How%20muchy,
20does’20the%20UK, expenditure’,20that’,20meets20NATO’ s),20definition

*https://www.nato.int/cps/en/natohq/topics_49198.htm#: ~%3Atext=In%202014%2C%20NAT0%20Heads
200f,instability’%20in%20the’,20Midd1le}20East

*https://www.reuters.com/business/aerospace-defense/europes-conundrum-how-fund-defence-
spending-2024-12-18/


https://www.ifw-kiel.de/topics/war-against-ukraine/ukraine-support-tracker/ 
https://www.ifw-kiel.de/topics/war-against-ukraine/ukraine-support-tracker/ 
 https://www.defense.gov/News/Releases/Release/Article/3703410/department-of-defense-releases-the-presidents-fiscal-year-2025-defense-budget/ 
 https://www.defense.gov/News/Releases/Release/Article/3703410/department-of-defense-releases-the-presidents-fiscal-year-2025-defense-budget/ 
https://commonslibrary.parliament.uk/research-briefings/cbp-8175/#:~%3Atext=How%20much%20does%20the%20UK,expenditure%20that%20meets%20NATO's%20definition
https://commonslibrary.parliament.uk/research-briefings/cbp-8175/#:~%3Atext=How%20much%20does%20the%20UK,expenditure%20that%20meets%20NATO's%20definition
https://www.nato.int/cps/en/natohq/topics_49198.htm#:~%3Atext=In%202014%2C%20NATO%20Heads%20of,instability%20in%20the%20Middle%20East
https://www.nato.int/cps/en/natohq/topics_49198.htm#:~%3Atext=In%202014%2C%20NATO%20Heads%20of,instability%20in%20the%20Middle%20East
https://www.reuters.com/business/aerospace-defense/europes-conundrum-how-fund-defence-spending-2024-12-18/
https://www.reuters.com/business/aerospace-defense/europes-conundrum-how-fund-defence-spending-2024-12-18/
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spending should increase, or at least not decline, when the economy slows down.

The evidence on the long-run effects of military spending is far more diffuse and variegated. |
review a recent literature on the role of military spending on productivity growth. By inducing and
concentrating demand, military spending may help exploit economies of scale, particularly in heavy
industry. Evidence of government-induced learning by doing will be presented. | review the literature
on research and development (R&D) externalities and ask whether military spending is a particularly
fruitful category of government spending to address these externalities and for industrial policy.

Finally, | elaborate on other considerations for military spending in Section 4. | discuss the
best way to finance it (mostly debt financing for a temporary buildup), tradeoffs between domestic
and international procurement, and whether numerical targets are a good way to encourage higher
defense spending (they aren't).

Before embarking on this survey, it is worth quoting General Sherman, who, following the US
Civil War stated that “war is hell. Whatever the economic side effects of military expansion by be,
the primary concern should be strategic: how best to resolve international conflicts with minimal
cost to human life and prosperity. (See Federle et al. (2024) for an empirical assessment of the cost
of war.) Re-armament may be the best tool in the kit to achieve these aims at times, as indeed
disarmament may be at others. It is beyond the scope of this paper to discern what the best strategic
stance is at the current juncture. | will discuss only in passing the game-theoretic literature on arms
races, but readers are advised to consult it, particularly the evidence that re-armament may increase,
rather than decrease, the probability of war. This paper merely attempts to summarize the economic

fallout of re-armament, without taking a stance on the optimal strategic posture.

2 Military buildups and short-term economic performance

The relationship between military buildups and economic growth has long been a subject of debate.
At the end of the Cold War, many commentators predicted a “peace dividend”, whereby savings
on defense expenditures will divert economic resources to better use. Although the US economy
saw a healthy expansion in the decade following the fall of Berlin Wall, it difficult to attribute this
directly to the peace dividend. Further, this boom was not sustained and other countries saw slower
growth despite military spending cuts. More broadly, a large literature in political science and defense
studies investigating the relationship between military spending and growth has found mixed evidence.
Separately, economists have studied the fiscal multiplier—the effects of government expenditures on
economic growth. Importantly for our discussion, shifts and shocks to military spending has often

been used to evaluate the effects fiscal policy. In contrast to the “peace dividend" literature, increases
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in military spending appear to have a positive impact on economic growth, with the magnitude of
the effects differing across estimates and contexts.

Let's begin some simple facts. Figure 1 shows the annual growth in Gross Domestic Product
(GDP) alongside the share of GDP dedicated to military spending, for the US in the top panel and
the EU in the bottom one. US military spending declined dramatically following the Vietnam war,
increased slightly during the Regan military buildup, falling again as the Cold War came to a close.
A slight increase can be witnessed during the Afghanistan and Iraq wars. The overall trend is a
decline in military spending from 8% of GDP in the 1960s to less than 4% before the recent period
of rearmament following the Russian invasion of Ukraine. Over this period, US annual GDP growth
has also declined from roughly 4% a year to below 3% a year. Similarly, military spending has steadily
declined in the EU from 5% of GDP at the beginning of the period to below 1.5% before the Covid
pandemic. The “peace dividend” era is clearly visible with the more precipitous decline after 1990.
Yet the peace dividend itself is elusive, with GDP growth also steadily declining from over 4% a year

in the 60s to roughly 2% today.
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Figure 1: US and EU defense spending and growth
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Figure 2 illustrates these correlations differently. The scatter plot shows that growth is positively
correlated with the share of GDP devoted to military spending. This is true both when looking at a
single economic area over time, as in Figure 1, and in the cross-section, comparing the high growth
and military spending of the US to the lower readings on both metrics in the EU. This is true despite a
mechanically negative relationship between these two variables: keeping military spending constant,
higher GDP growth would lead the ratio of military spending to GDP to decline. These charts are
far from conclusive evidence on the effects of military spending on economic growth: We will discuss
causation in more detail below. However, the figures indicate that even if military spending were
harmful to the economy—even if the peace dividend did exist—other drivers of GDP are dominant and
rearmament is doesn't over-ride other engines of economic growth. In other words, the US and EU

economies have been able to (more than) withstand military buildups in the past.

Figure 2: US and EU defense spending and growth
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2.1 The elusive peace dividend

The peace dividend has also proven elusive in empirical studies using panel data that correlate
military spending with GDP growth in larger samples of countries. In his Handbook article, Ram
(1995) summarizes this voluminous literature with the disappointing conclusion that there is little
correlation, positive or negative, between economic growth and changes in military spending. Benoit
(1973) and 1978 spurred the Cold-War era literature on this topic, observing a positive correlation
between military spending and GDP growth. He concluded that countries with the highest defense
burden also had the highest growth rates. However, the subsequent literature showed a wide range of
estimates, disagreeing even on the sign of the relationship: whether military spending has a positive
or negative effect on economic growth. Two meta analyses of this large literature themselves disagree
on the conclusions. Alptekin and Levine (2012) find a positive relationship between military spending
and growth, but the updated sample of F. Yesilyurt and M. E. Yesilyurt (2019) shows no relationship.
In a recent contribution, Dunne and R. P. Smith (2020) find no relationship between military, spending
on one hand, and both growth and investment, on the other. Ram (1995) concludes that Benoit's
(1973; 1978) results of a positive correlation between military spending and growth are “fragile”,
but that it is “also difficult to say that the evidence supports the view that defense outlays have an
overall negative effect on growth™.

Early studies on the effects of government spending on growth in empirical macroeconomics also
took the form of panel regressions. In their textbook on economic growth, Robert J. Barro and
Sala-i-Martin (2003) (p. 518) conclude that a higher share of government consumption to GDP
reduces economic growth. However, their studies exclude military expenditures. Including military
spending in their account of government expenditures (p. 536) is sufficient to invert this relationship
and gives a substantial positive effect on growth (although only marginally statistically significant).

They explain this discrepancy as follows (p. 526):

The elimination of expenditures for defense and education—categories of spending that
are included in standard measures of government consumption—was made because these
items are not properly viewed as consumption. In particular, they are likely to have direct

effects on productivity or the security of property rights.

It is worth taking a tangent to mention a related literature using Cold War data, studying the
effects of military spending on the probability of conflict. Gibler, Rider, and Hutchison (2005), for
example, show that “arms races”, defined as multi-year growth episodes of large annual increases in
defense expenditures by pairs of rivals, increase the probability of war. However, these results should

be taken with a grain of salt as the reverse channel of causation is at least equally likely. Namely,



1fw s

KIEL REPORT NO. 2 | FEBRUARY 2025 k

arms races emerge as rivals anticipate that war is on the horizon. Further, Garfinkel (1994) posits
that democracy serves a credible commitment deviced to avoid wasteful arms races, implying that
armament by a democracy is unlikely to spark an escalation and instead that democracies tend to
under-invest in defense. The historical study of the First World War provides a canonical case study
for this complex cycle of causation. Did the arms races of the rivaling European powers of the early
20t lead to a Thucydides trap that made war inevitable (Allison: 2017)? Or was war inevitable to
begin with and armament merely reflected the powers’ preparation for this inevitability. The jury
is out even with a century of hindsight. (See Kennedy 1980; A. Taylor 1954 on the inevitability of
the war and Clark 2012; MacMillan 2013; Tuchman 1962 for arguments that it was contingent on

historical accidents.)

2.2 Military spending and fiscal multipliers

A more recent literature in empirical macroeconomics studies the impact of government consumption
and investment on short-run economic growth, with greater attention to causal identification. The
literature began with Blanchard and Perotti (2002), who used Structural Vector Autoregressive
(SVAR) methods to estimate the response of GDP to government purchase shocks. The SVAR
forecasts government spending based on past observations of a range of macroeconomic variables.
The unforecasted residual of government spending is treated as a government spending “shock™:
government spending that was unpredictable from observable aggregate data merely a quarter in
advance. The economy's response to this shock is then simulated through the vector autoregressive
forecasting tool. Blanchard and Perotti (2002) conclude that a shock to government spending in
the US leads to an increase in GDP that is roughly proportionate in dollar terms to the increase in
government purchases.

lizetzki, Mendoza, and Végh (2013) extend this analysis to a panel of 44 high-, middle-, and
low-income countries. They conclude that the US case masks a wide variety of responses to gov-
ernment spending shocks and important sources of heterogeneity. First, while the US is somewhat
representative of high-income countries, multipliers in developing countries are far smaller, not ob-
viously greater than zero. That is, the economy expands to accommodate government spending
shocks, at least partially, in high income countries, but government spending fully crowds out private
consumption and investment in lower income countries. Second, government spending has a greater
impact on the economy in countries that are more closed to international trade—a point we revisit
when discussing procurement policy. Finally, fiscal multipliers are far larger in countries with fixed
exchange rates. This is because independent central banks tend to tighten monetary policy in face

of government expansions but those with fixed exchange rates cannot do so as this would impact
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the value of the currency.

A different methodology is employed by Robert J Barro (1979), Valerie A. Ramey and Matthew
D. Shapiro (1998), Valerie A Ramey (2011), and Robert J. Barro and Redlick (2011). Useful
for our discussion, this methodology relies on the fact that US military buildups are typically due
to geopolitical tensions outside of US borders, so that they mostly reflect the economic effects
of military buildups rather than the destruction of war itself (see Federle et al. 2024 on the cost
of military conflict). Military spending comprises the lion share of government consumption and
investment (as opposed to government transfers) in the US. Accordingly, the biggest swings in
government consumption and investment have been driven by military spending. If the US increases
military spending in response to geopolitical tensions, but global security conditions have no direct
impact on the US economy, changes in military spending can be used to evaluate the effect of
government spending on the economy.® Valerie A Ramey (2011) goes further and gives a narrative
account of exogenous military buildups. In order to capture the economy'’s full response to military
spending shocks, including to their anticipation, she also gives a narrative of the precise date when the
private sector (the business media) realized military spending was forthcoming. Using this competing
methodology, she nevertheless obtains a multiplier of roughly one, again indicating that the economy
accommodates military expansions. In subsequent research that included the world wars of the early
20" century, Valerie A Ramey and Zubairy (2018) find multipliers closer to two-thirds, implying that
military expansions decrease private consumption and investment by about a dollar for each three
dollars spent.

A later literature used the location of public spending and procurement in the US to evaluate the
effects of government spending. This “local fiscal multiplier” approach compares the increase in GDP
in a locality (e.g. US state) in response to a local increase in public spending. This approach has the
advantage of giving a more credibly causal estimate of the effects of public spending on GDP because
it relies on the systemic allocation of public spending across US states that is often unrelated to local
economic conditions. This approach also has a disadvantage, because the comparison across states
may miss the general equilibrium response of the whole economy to the public spending boost.
Nakamura and Steinsson (2014) use the distribution of military procurement across US states to
estimate the effects of government spending and find multipliers of 1.5, substantially higher than
those found in time series approaches. The magnitude of the multiplier implies that military spending
doesn't crowd out private consumption and investment, but rather stimulates them. Chodorow-
Reich et al. (2012), D. J. Wilson (2012), and Shoag (2013) find similar multipliers for health care,

infrastructure, and local public expenditures.

*However, Caldara and lacoviello (2022) show that geopolitical risk has had a direct effect on the US economy.

10
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How can one reconcile estimates of the government spending multiplier estimated using time
series and local multipliers approaches? Chodorow-Reich (2019) posits that the time series estimates
should be seen as an average economic response to government spending shocks in the conditions
that prevailed during the episodes studied (e.g. the six US military buildups since the beginning of the
20" century). The local multiplier approach instead controls for the monetary policy response (which
is identical across US states) and the financing method (which is Federal rather than local in the
empirical methods discussed above) to give a purified fiscal multiplier. Specifically, the Nakamura
and Steinsson (2014) multiplier of 1.5 can be seen as the multiplier that would prevail absent a
monetary policy tightening and if the military spending surge were financed mostly by debt with
limited concurrent increase in taxation. These results are consistent with a multiplier of similar
magnitude found by llzetzki, Mendoza, and Végh (2013) in countries with fixed exchange rates, who
are unable to change interest rates due to their commitment to keep the exchange rate stable.

These results imply that the economy tends to expand to accommodate most of the increase in
military spending: The lower bound on the fiscal multiplier reported in Valerie A. Ramey (2019) is 0.6,
i.e. the economy expands to accommodate 60% of the military expansion. In certain contexts, the
economy expands more, to accommodate the entire increase in military spending, or even stimulate
the private sector further. Multipliers will be larger when monetary policy accommodates these
shocks.® Given that a European military expansion is likely to be coordinated, it may require a
response by the ECB, which is bound by it inflation targeting mandate. One might then predict
that there will be a moderate decline in private economic activity due to rearmament. Private sector
activity will be harmed further if the government attempts to pay for public spending with current

taxation, a point we will revisit in Section 4.

2.3 Distributional implications

Even if GDP fully accommodates military spending surges, it doesn’t necessarily follow that citizens
are better off and certainly not all of them will be. The welfare implications of military spending
depends first and foremost on the value of national defense as a public good. Higgs (1992) suggests
removing military spending from GDP entirely because it is an “intermediate good” to the provision
of national defense, but such an approach almost certainly goes too far. Nevertheless, it remains
true that we don’t have a price signal to value how much benefit citizens derive from public goods,
including defense, and valuing them based on the government’s expenditure on these goods may

overstate or understate their value.

®Fujita, V. Ramey, and Roded (2024) shows that the economy can also adjust quickly to declines in military
spending.

11
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At one logical extreme, military expenditure affords nothing less than citizens' life and liberty. It
is difficult to put a price tag on such lofty values, but most would agree that these provide good value
for money at several percentage points of GDP. Alternatively, some may argue that military spending
is often pure waste, in which case it is of little value even if it were nearly costless. Worse yet, some
might argue that rearmament may accelerate rather than deter hostilities, in which case the spending
may be outright harmful. The moderate to high multipliers on government spending reported above
mean that the economic costs of military buildups are contained and that national security policy
should be paramount in defense spending decisions. It is incumbent on defense authorities to make
the case that they are providing good value for money. Less concern should be devoted to the
economic fallout from these defense expenditures.

Another question is distributional: high multipliers don't necessarily imply a “free lunch™ It is
relatively uncontroversial that higher public (including military) spending creates more employment
and output. However, it may also divert resources from civilian production to public good provision
and public investment (in this case for the purpose of national defense). Valerie A Ramey (2011)
shows that increased government spending slightly crowds out both consumption and private invest-
ment. Further, increased government spending reduces wages, implying that there are losers, not
only beneficiaries from increased public investment. Perotti (2007) comes to a different conclusion
for government spending as a whole, but concurs in Perotti (2014) that defense spending tends to
crowd out private consumption.

The US experience in the Second World War is a particularly potent case study that illustrates
how private consumption may be harmed by military expansions. Brunet (2024) finds multipliers
substantially lower than one during World War Il and Higgs (1992) claims the wartime prosperity
of the 1940s was a myth. The latter shows that while the economy expanded dramatically to
accommodate the wartime munitions program, private consumption decreased substantially. By some
metrics this must certainly have been the case. The auto industry, producing the most important
durable consumer good of the inter-war period, was fully converted to military production and sales
of new autos were forbidden. Many other consumer goods were strictly rationed. There is no doubt
that war production came at some expense to households. At the same time, one shouldn't overlearn
the lesson from this relatively unique period. This was a period of a full-on war economy with a
rationing regime in place. The economy was converted to wartime production in ways that are hard
to conceive in 215 century US or Western Europe. Further, 20% of the US labor force was drafted to
the army. These young adults were the core of the US consumer base and much of US consumption
was realized by these soldiers in Europe and the Pacific.

There are other distributional considerations. Expansions in public spending must be financed

12
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either through higher contemporary taxation or higher public debt, implying higher future taxation.
Current taxation has distributional implications for current taxpayers, while future taxation raises
questions of intergenerational equity. | discuss public finance implications of military buildups in
Section 4. In addition, Kuziemko, Naidu, and Onorato (2024) show that US military spending
during the Cold War benefited low-skilled workers, with a commensurate decline in inequality.
Military spending reallocates production across firms, with obvious distributional implications, but
also with potential implications for aggregate economic efficiency. Valerie A. Ramey and Matthew
D. Shapiro (1998) argue that military spending may harm the productive capacity of an economy
because it misallocates expenditure to less productive firms. Field (2002) claims this was the case
during the US production drive of World War II. However, llzetzki (2024) documents that productivity
dispersion (among aircraft producers: the largest war industry) declined during the war, indicating

that misallocation declined as procurement increased.

2.4 When to spend it

It is often said that World War Il was the fiscal stimulus that ended the great depression (Gordon
and Krenn: 2010). The veracity of this folk wisdom notwithstanding, it raises the question whether
military buildups bring greater benefit when an economy is in recession and conversely whether they
may harm economies that are already operating at full capacity. A conventional Philips curve logic
posits that high demand will lead to both higher GDP growth and higher inflation in the short run,
with a tradeoff between the two. It is plausible, however, that the Philips curve is non-linear, so that
there is a difference between an economy at full employment and one with substantial slack. An
economy with under-utilized resources can absorb a government expansion without rising inflation.
In contrast, an economy facing capacity constraints will see elevated inflation with little growth in
output when demand surges (Boehm and Pandalai-Nayar: 2022; P. Benigno and Eggertsson: 2024;
Fornaro: 2024). However, Hazell et al. (2022) show that the Philips curve has historically been
flat, indicating that strong demand alone is unlikely to cause substantial inflation, unless inflation
expectations become unanchored.

The Philips curve describes a short-run tradeoff between inflation and output, but the “classical
dichotomy” implies no such trade-off in the long run. A credible central bank can commit to achieving
its inflation target eventually, even if it temporarily misses the mark in the short run. In addition,
economies are resilient and the productive capacity of the economy—inelastic in the short run—may
expand to accommodate a large demand surge through investment and innovation. It is more likely
to do so if the surge is expected to be persistent (Fornaro: 2024) or large (llzetzki and H. Reichardt:

2020; llzetzki: 2024). Further, high demand can incentivize firms to innovate to overcome capacity

13



1fw s

KIEL REPORT NO. 2 | FEBRUARY 2025 k

constraints, implying that large demand surges may not be as inflationary as is commonly perceived
(llzetzki: 2024). | elaborate on the relationship between military spending and productivity growth
in Section 3.

There have been several attempts to estimate whether government spending is more expansionary
and less inflationary when the economy is slack, e.g. when unemployment is high. The results have
been mixed. Alan J. Auerbach and Gorodnichenko (2012) and Alan J Auerbach and Gorodnichenko
(2013) find that fiscal multipliers are higher in periods of greater “slack”. Born et al. (2024) find
that government spending is not only more potent in increasing GDP, but also less inflationary when
unemployment is high. In contrast, Owyang, Valerie A. Ramey, and Zubairy (2013) and Valerie A
Ramey and Zubairy (2018) find that US military spending shocks are no more expansionary in reces-
sions that in economic booms. From a theoretical perspective, the Keyensian logic of countercyclical
fiscal policy (cf. Kaminsky, Reinhart, and Végh 2005; llzetzki and Vegh 2008; llzetzki 2014) calls
for increased public expenditure in recessions. The neoclassical view calls for public consumption to
be smoothed over time. Combined, theory and evidence both call for no greater military spending in
economic booms than in recessions. In contrast, setting targets for military spending as a percentage
of GDP may precisely lead to these undesirable cyclical spending patterns, a point we will revisit in
Section 4.

Then Korean and Vietnam wars on the US economy provide case studies of the inflationary impact
of military buildups. There were no price controls during these wars, making them more suited than
the Second World War for studying inflation .” At the onset of the Korean war, inflation was low at
around 2% (although rising), and unemployment was high for the period at 5% (although declining;
see Valerie A Ramey 2011 for a discussion of war dates). The logic of the non-linear Phillips curve
suggests a lesser impact of government spending on inflation in this period. Nonetheless, inflation
spiked (and was volatile) during the war (see Figure 3). However, parallels to the present should
be drawn with caution for several reasons. First, the Korean War military buildup was far more
dramatic than anything contemplated in the US or Europe these days. Government spending grew
from 16% of GDP in to 24% of GDP within the first eighteen months of the war. For sake of
comparison, this is larger than the Russian military buildup from 2022 to 2024 or Israel’s increased
military spending from 2023 to 2024, as a percent of their respective GDPs. Second, the causes of
inflation had more to do with expectations of shortages than actual shortages. The beginning of war
led to panic purchases of durable goods as households anticipated restrictions on the production of

consumer goods, as occurred in the Second World War (Rockoff: 2012). Durable goods purchases

"Higgs (1992) estimates an effective 50% increase in the price level of consumer goods during the war (although
there was an equally dramatic decline in the price of munitions), indicating that the war may have been inflationary,
although the economy began with a great deal of slack.
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then plummeted when no such restrictions were put in place, leading to deflation (and a recession;

see Section 4 for a public finance explanation for the fluctuations during the war).

Figure 3: US inflation
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Note: The figure shows monthly year-on-year inflation for US urban consumers. The shaded areas
indicate the Korean and Vietnam wars.

Source: U.S. Bureau of Labor Statistics, Consumer Price Index for All Urban Consumers: All Items in
U.S. City Average [CPIAUCSL], retrieved from FRED, Federal Reserve Bank of St. Louis; https://
fred.stlouisfed.org/series/CPIAUCSL, January 9, 2025.

The war in Vietnam is perhaps a more relevant comparison, requiring smaller fiscal commitments.
The war began with low inflation (below 2%) and relatively high unemployment for the period (5%).
By 1970, inflation peaked at 6% (year-on-year, monthly) and it is entirely plausible that this was
caused by the demand surge of the war (this was prior to the Middle East oil shocks). Like the Korean
war, this example shows that a military buildup can be inflationary even when beginning from low
inflation and substantial slack in the economy. However, two caveats should be considered. First,
the war coincided with President Johnson's “Great Society” programs, reflecting a governmental
attempt to provide guns and butter simultaneously. More prosaically, it is hard to disentangle how
much these two public expenditures contributed individually or jointly to the inflation of the late

1960s. Second, the Federal Reserve operated under a different monetary framework that did not
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require it to target inflation as strictly as it does today. F. Bianchi and llut (2017) claim that the
debt buildup in this period was the spark that lit the inflationary fire of the 1970s, although it should
be acknowledged that the Federal Reserve did raise interest rates in the late 1960s and the loose

monetary stance followed only in the following decade.

2.5 Market power considerations

In reviewing the costs and benefits of a standing military industrial base, Sandler and Hartley (1995)
point to a perception that military procurement contributes to military contractors’ disproportionate
market power. This is also a common public perception, often referenced as the “military industrial
complex”. Indeed, Cox et al. (2024) document that a small number of large corporations have
received the majority of US defense contracts. However, the evidence on the relationship between
military procurement and market power is still limited and the popular perception misses at least
two points. First, while it is true that defense contractors are often oligopolistic, it is also a reality
that the government is often a monopsonist in defense purchases. Thus the theoretical implications
for market power depend on the complicated game-theoretic interactions between the government
and the contractor, discussed in the industrial organization literature (cf McCall 1970; Laffont and
Tirole 1988; Bajari and Tadelis 2001). Second, military buildups often push large producers to their
capacity constraints and force the government to diversify its procurement to smaller firms. Thus,
the government may end up reducing market power during military buildups.

In fact, O. H. Reichardt (1975) and llzetzki (2024) show that even in relatively concentrated
market of aircraft, market concentration declined in the US during the Second World War. The war
appears to have briefly paused what appears to be an inevitable historical trend towards a highly

concentrated industry.

3 Military buildups and long-term economic growth

It has long been posited that military buildups—and even warfare itself—are catalysts for economic
growth and economic development. Anecdotally, the US civil war appeared to promote industrial-
ization of the US north. The war stimulated infrastructure investments, including the first trans-
continental telegraph line and railroad expansions. Shipbuilding and weapons technologies were de-
veloped and improved. Further, the war effort required mass production and standardized products,
which may have influenced subsequent private sector production processes and scientific approaches
to management (C. A. Beard and M. R. Beard: 1927). Notably, the war led to labor shortages in

agriculture and manufacturing, which spurred technological innovations in both these sectors (M. R.
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Wilson: 2006). The war also affected private and public finance, with the national banking act of
1863 and currency reform that introduced the greenback and led to a more centralized approach to
monetary policy. The Federal income tax was first introduced during the war, supporting a view that
wartime finance has been an important factor in the development of fiscal capacity (Tilly: 2017;
Besley and Persson: 2009; Besley, llzetzki, and Persson: 2013).

In the same era, the Franco-Prussian war may have also supported the nascent industrial base
of newly unified Germany. Bismark introduced an explicit industrial policy to support industries
important for national defense. This included railroad expansion, state support for heavy industry,
and tariffs on industrial imports. Industrial giants including Krupp (Steel) BASF (chemicals) and
Siemens (electrical engineering) emerged in the context of this support (Berghahn: 2005). In the
following century, industrial policy became intimately linked with the German-British arms race,
with the two nations attempting to outproduce each other in steel and shipbuilding production
(Kennedy and Luttwak: 1990). This was also a period of financial development, with the emergence
of banks that remain the backbone of the German financial system to this day. It is of course
worth cautioning that some historians relate Bismark's Prussian militarism to Europe’s 20th century
catastrophes (Pflanze: 1971).

The World Wars revived the discussion of the role of military expansions for long-run economic
growth. The US experience in the Second World War, in particular, led to several insights. First was
the strong connection between economic and military warfare. It can well be argued that the allies won
the war as much due to their ability to outproduce their adversaries as their ability to outmaneuver
them on the battlefield (Herman: 2012; Klein: 2013). Second, US wartime production greatly
outstripped predictions of US productive capacity and massive productivity growth was carefully
documented in several sectors, most notably in aircraft and shipbuilding. Third, wartime necessity
led to several innovations including in the areas of radar technology, crypography, synthetic rubber,
and most famously nuclear power.

Several theoretical frameworks have been proposed to make sense of the linkages between state
investments and economic growth. First, there is a tradition that dates back at least to Marshall
(1890) that posits economies of scale in production, whether internal to the firm or within an
entire industry or economy. While Marshal did not himself advocate for widespread government
intervention to address these externalities, others in the Cambridge school recognized the potential
for tax policy to address externalities. We will see that government demand can play a similar role in
both internalizing these externalities and absorbing some of the fixed costs that may cause increasing
returns.

Second, studies in the inter-war and post-Second-World-War periods emphasized learning by
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doing, a form of dynamic economies of scale whereby costs decline with production over time.
Third, one form of external economies arises from spillovers from research and development. A
large literature has studied the government'’s, and the military’s, role in stimulating R&D.
Fourth, a revitalized literature studies the government’s role in industrial policy. This is somewhat
of a catch-all phrase for the myriad actions governments take to steer the structure of the economy. |
will link this literature to the aforementioned rationales for government intervention and the particular

role of military expenditures.

3.1 Economies of scale

The idea of economies of scale is as old as the field of economics and is implicit in Adam Smith’s
analysis of the division of labor, which also included a precursor to learning by doing (A. Smith:
1776). This becomes more explicit in Say (1803) and Marx (2018). Early writings on industrial
production processes (Babbage: 1832; Ure: 1835) relatedly emphasized the importance of mass
production in efficiency. Similarly, many of these writings pointed to efficiency gains due to practice
and experience, what we would now call learning by doing.

Marshall (1890) was perhaps the first to formalize the idea and made an important distinction
between internal economies of scale that could lead to market power and natural monopolies and
external economies of scale which might do the exact opposite because they allow firms to free-ride
on the investments of other firms. While Marshall understood the implication that such externalities
lead to market inefficiencies, he advocated for only light-touch government interventions. Later,
A. A. Young (1928) was more explicit that external economies of scale justified public investments,
while Pigou (1920) advocated using tax policy to encourage firms to internalize these externalities.
Sraffa (1926) evaluated the role of internal economies of scale and advocated regulation to counter
firms' market power. These ideas were later canonized in the Samuelsonian post-war consensus on
externalities, public goods, and non-competitive markets. The modern literature on R&D subsidies
and public R&D, which | discuss below, build on these foundations.

Not all theories of endogenous growth explicitly feature increasing returns to scale, but knowledge
externalities are implicit in all of them. The modern literature on endogenous growth begins with a
production function that posits that a firm's output is determined by factors of production (labor,
capital) and productivity. Productivity, in turn, could be a technology or knowledge possessed by
the firm, or more general knowledge that isn't rival: it can be used simultaneously by multiple firms.
The key question in this literature is how individual firms or entrepreneurs generate knowledge or
new technologies and how other firms are affected by an individual firm’s innovation.

K. J. Arrow (1962) introduced the concept of learning by doing and posited that firms learn
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the more they invest. This means that a firm's knowledge is proportional to its capital stock. But
while a firm's capital is excludable, knowledge diffuses freely in society. Thus firms' productivity
is determined by the aggregate knowledge in society and thus by aggregate, not only their own,
investment. Firms free-ride on other firms’ investment in knowledge, leading to underinvestment in
knowledge in aggregate.

Phelps (1966) and Paul M Romer (1986) instead argue that knowledge is created through research
and development. Schumpeterian growth models as in Aghion and Howitt (1992) and Aghion
and Howitt (1997) have a approach based on “creative destruction”, but the rationale for R&D
externalities is similar. In these frameworks, active investment in R&D causes productivity growth.
But R&D isn't fully excludable, leading to underinvestment in R&D. Investment in knowledge is
active here, in contrast the incidental accumulation of knowledge in Arrow's formulation. | elaborate
on active vs. passive learning and on the role of R&D spillovers below.

In R. E. J. Lucas (1988), productivity is determined by human capital or individuals’ education,
experience, or know-how. Lucas argues that different sectors have different rates of learning, e.g.
producing a high-tech good might lead to greater accumulation of general and transferable knowledge.
In this case, there is insufficient production of the high tech good in the laisez faire economy.
High-tech firms under-produce because they don’t internalize the fact that they are expanding the
knowledge frontier. Rather than investing directly in knowledge acquisition, the optimal tax policy
would subsidize the high-tech industry.

The implications of the endogenous growth model should be clear. Underinvestment in knowledge
justifies public subsidies for, or direct public investment in, knowledge acquisition. Military spending
can help address this externality insofar as government demand for military materiel helps society
accumulate knowledge, either through learning by doing, the implicit R&D subsidy this demand
provides, or through direct investment in R&D. Military spending may also may be tilted towards
higher tech industries, where knowledge accumulation is greater. Military spending addresses the
externality only incidentally and there are of course more direct, and less militaristic, ways to fund
knowledge acquisition. However, insofar as public defense is a necessity, this is one positive side-
effect. Further, | discuss below how investment in knowledge through public good provision may
be a second best, when direct subsidization isn't politically feasible. In light of the R. E. J. Lucas
(1988) model, consider the political feasibility of subsidizing large technology companies relative to
procurement from these firms.

Murphy, Shleifer, and Vishny (1989) posit that modern industrial processes involve fixed costs

and with two types of related inefficiencies. Fixed costs may cause increasing returns to scale in

8See also A. Young (1991) for a model of learning by doing and international trade.
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production at the firm, industry, or economy level. As in standard textbook treatments, this leads
to underproduction of industrial goods, which could be addressed through government intervention.
If these involve economy-wide fixed costs, e.g. in the case of infrastructure, public investment can
help resolve them.

The second inefficiency relates to the extent of the market. When facing fixed costs, a larger
market allows producers in each industry to produce at lower average and/or marginal costs. The
economy can be in one of two equilibria. One has low demand, more costly production, and less
production, which leads to lower income and less demand. The other has high demand, cheaper
production, thus greater production scale, higher income and high demand. A military buildup can
help coordinate the economy on the high-demand, high-productivity equilibrium. Some have pointed
to the US interstate highway system in the mid-50s, for example, as motivated to a great extent by
military needs. Similar notions are central to theories of industrial policy, which | review below.

Krugman (1991) points to a similar case of multiple equilibria regarding the location of production.
A possible example are communities in Southern California south of Los Angeles that may have
benefited from good weather and geographical amenities, but also from the government’s demand
for locally produced aircraft (Valerie A Ramey and Matthew D Shapiro: 2001). Garin and Rothbaum
(2024) gives empirical evidence that public investments during World War Il had long and persistent
positive impacts on the communities where they were made.

While it is tempting for the government to coordinate on what it perceives to be the “better”
equilibrium (for example deciding that the auto industry, microchip industry, or Al is the industry of
the future), a government’s imperfect knowledge and potentially perverse incentives may coordinate
on the “wrong” technology. However, even a well-intentioned and well-informed government may
“lock in" the economy to what later turns out to be the “inferior” technology whenever static or
dynamic returns to scale are present (Arthur: 1989). There is a risk that the government over-
internalizes initial fixed costs and represses the information-gathering capacities of the private sector
in the process. In the case of military spending, the government does so incidentally while providing
a public good, but could nevertheless choose a technological path that is detrimental to long-run
growth.

R. Hall (1988) distinguishes between market power arising because of fixed costs or other in-
creasing returns and that arising because of regulatory or other barriers to entry. In the first case,
markets are competitive and firms' markups exactly compensate them for these fixed costs. If this
is the case, military or other procurement can expand the market and help push firms down their
cost curve. In the latter case, however, military procurement merely contributes to firms’ rents and

it is the minutia of the procurement process that determines whether the government is reinforcing
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or mitigating incumbents’ market power.

Economies of scale are difficult to estimate in practice. R. Hall (1988) finds substantial returns
to scale, particularly in heavy industry. Basu and Fernald (1997) find, in contrast, that the typical
industry in the US has roughly constant returns to scale. However, durables manufacturing sectors
do exhibit moderately increasing returns to scale.

A form of increasing returns that has gained importance in the 21st century arises due to network
externalities. The success of a social network, for example, relies on the number of active users,
leading to bandwagon effects, where the more popular social networks become increasingly popular.
While this may indicate a first-mover advantage, this tells only part of the story. Facebook, for
example, was able to leapfrog early entrants such as MySpace and Friendster because of its ability
to “scale” and accommodate rapid growth in its user base. In some settings, the government has
an advantage in defraying the fixed costs of such scaling. For example, David C. Mowery (2010)
argues the UK and France were as advanced technologically as the US in proto-internet technologies
(see the case of the Minitel in France). However, it was scale of the ARPANET (the Department of
Defense precursor to the internet) that led to the primacy of the US-developed technology.

3.2 Learning by doing

An early literature in what would now be called scientific management and was then known as
Taylorism (F. W. Taylor: 1911), documented empirical regularities of cost reductions over time in
production processes. Aeronautical engineers at the Taylor-Wright aircraft corporation demonstrated
a consistent decline in the cost (both labor and material) of aircraft production and the cumulative
quantity produced, which is closely approximated by a straight line when plotted in log-log scale
(T. P. Wright: 1936). This has since been called the “experience curve” (Thompson 2010 gives an
overview of the terminology).

The experience of the US World War Il production drive influenced subsequent views on the
learning curve. Shipbuilders and aircraft manufacturers saw enormous decline in costs (and indeed
unit prices) over the course of the war and this appeared to be correlated with their experience.
Numerous post-war studies documented cost curves in the wartime aircraft (Middleton: 1945; Asher:
1956; Alchian: 1963) and shipbuilding (Montgomery: 1943; Searle: 1945) production and concurred
that costs declined with experience. The Boston Consulting Group conducted a post-war large-scale
and influential study across many industries, showing that costs declined by a predictable amount
with every doubling of cumulative production. More recently, learning by doing has been evoked to
explain the steady decline in the cost of solar panel technologies. K. J. Arrow (1962) gave theoretical

foundation for the cost curve as “learning by doing” (see also Thompson 2001; Thompson 2010;
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Thompson 2012).

Readers familiar with the literature on firm growth will know well that young firms tend to be
more productive than older incumbents. This would appear inconsistent with learning by doing,
which predicts older firms being more productive with experience. Jensen, McGuckin, and Stiroh
(2001) reconciles these facts through vintage capital: older incumbents are stuck with older vintages
of capital and technology, a drag on productivity that outweighs their experience. If learning is in
part learning how to use a specific vintage of capital, as Bahk and Gort (1993) assert, then lock-in
to older vintages is inextricable from the learning process as in Arthur (1989).

Learning by doing has concrete implications for public policy. A firm facing fixed costs under-
produces relatively to the social optimum and the problem is exacerbated with learning by doing.
Now the firm is not only underproducing in a static sense but is also learning more slowly than the
social optimum. Insofar as there are learning spillovers across firms, firms will underproduce, and
under-learn (see Thompson 2010 for a discussion).

Thornton and Thompson (2001) find small but substantial learning spillovers in the production
of World War 1 ships, across both plants and designs. Irwin and Klenow (1994) find steep learning
curves in microchip production, with costs dropping by 0.2% per each percent experience gained.
They also find substantial spillovers, with other firms reducing costs by about a third as much as
the firm gaining experience. These spillovers are equally large internationally as they are nationally.
However, they find minimal spillovers across generations of products even within the same firm.
Mansfield (1985) documents rapid spillovers across firms, with firms acquiring competitors’ new
knowledge within 12 to 18 months. Lieberman (1989) shows that despite steep learning curves in
chemical industries, experienced incumbents don't deter new entrants, who expect to be able to learn
from incumbents’ experience.

In reviewing the literature, Thompson (2010) concludes that it is difficult to find concrete evidence
of purely passive learning and that an omitted variable could potentially explain the productivity gains
with experience. Where data is available, there are clear suggestions that that firms' progress with
experience may be driven by R&D (Sinclair, Klepper, and Cohen: 2000) or process improvement and
changes in workers’ incentives (Lazonick and Brush: 1985).

One reason firms may “actively learn” is induced innovation, whereby firms' direction of innovation
responds to price and demand incentives. Fellner (1971) describes induced innovation in terms of
scarcity: firms have incentives to economize in the factor that is scarce at the macroeconomic level.
It is, of course, factor prices that communicate this scarcity to individual firms (Samuelson: 1965),
although they may also learn of factor scarcity through its high utilization (Hickman: 1957). These

incentives lead firms to substitute from an expensive factor of production to cheaper ones, e.g.
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invest in labor-saving innovation when labor is scarce/expensive.’ These ideas have a long pedigree
in economic history. Rothbarth (1946) and Habakkuk (1962) argued that 19t" century US labor
productivity growth was stimulated by labor scarcity (relative to land and capital), while G. Wright
(1978) argues that the US south failed to develop at the same pace because of abundance of labor
extracted from the enslaved population. Allen (2009) proposed labor scarcity as an explanation for
the British industrial revolution. E. Jones (2003) explains Europe’s emergence in the Renaissance
because European natural disasters (the black death) in the Middle Ages lead to labor scarcity rather
than capital scarcity as they did in Asia (with disasters such as earthquakes and typhons). See Fellner
(1971) for explanations for different rates of productivity growth across US industries and Paul M.
Romer (1987) on productivity cycles in the late 20" century.

In more recent contributions, Popp (2002) and Newell, Jaffe, and Stavins (1999) show that high
energy prices induce energy-saving technological innovation. Acemoglu and Restrepo (2018) and
Acemoglu and Restrepo (2019) update theories of induced innovation to a task-based framework and
show that firms in US regions with higher wages tend to adopt industrial robots in grater numbers.
They argue that labor has been more expensive than capital in the recent low-interest environment and
this has tilted innovation towards labor-saving technologies. Research in international trade has long
posited that expanding markets lead to higher productivity, whether because of competition (more
productive firms survive trade liberalization, as in De Loecker 2007; De Loecker 2011), increasing
returns to scale (Acemoglu and Linn: 2004; Atkin, Khandelwal, and Osman: 2017), or innovation
(Finkelstein: 2004; Melitz and Redding: 2023).

G. Benigno and Fornaro (2018) and Anzoategui et al. (2019) relate these concepts to the business
cycle in models where cyclical demand can have persistent effects on productivity. In these mod-
els, high demand relaxes borrowing constraints and/or increases the expected return to innovation
through the higher expected demand for the products that innovation would deliver. Hence periods
of higher demand will lead to more innovation, and to greater technology diffusion.

| provide a synthesis of several of the ideas exposited here in llzetzki (2024), where | use the
term “learning by necessity” to refer to productivity growth that is induced by demand that outstrips
existing productive capacity. Using archival data on US aircraft production in the Second World
War, | show that total factor productivity (TFP) increases by 0.4% within a year of a 1% increase
in aircraft demand. The effects are substantially larger when demand is directed towards production
lines already operating at high rates of capital utilization. | argue that plants were incentivized to
adopt new production methods when high demand confronted their limitted capacity. The implication

is that while military purchases may be inflationary when an economy is at full employment, this is

%See Nordhaus (1973) for a critique of these early theories.
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also when the long-run benefits for productivity growth are greatest.

How did plants increase productivity in face of higher demand in practice? | document several
actions taken by aircraft plants. First, | show that plants with higher cumulative experience were
more likely to adopt new production techniques, but only if they were already operating at high
utilization. This shows concretely that plants modernize their production methods when demand is
high relative to production capacity. Importantly, these line-production methods were new to the
aircraft industry but mostly adapted from existing production techniques in the automotive industry.

The standardization of products and the move to new production line methods based on in-
terchangeable parts with low tolerances allowed for another managerial innovation: the greater
outsourcing of parts of the production process to (domestic) feeder plants. Outsourcing of this sort
was commonplace in automotive production but was perceived as irrelevant for the more complex
process of airframe production. Nonetheless, by the end of the war, airframe producers outsourced
more than 30% of their work hours to feeder plants. | show that reliance on outsourcing responded
to high demand and more so when plants were operating at high levels of capacity utilization, so
that necessity was the mother of managerial innovations.*°

Finally, necessity also appears to have spawned better labor relations. Not only did wages increase
by 20% in the average aircraft plant during the war; but there were also non-pecuniary ways in
which firms helped improve worker satisfaction. Absence rates among women workers was nearly
twice that of men. Many women entered the workforce for the first time during the war and faced a
difficult balancing act without adequate childcare facilities. Many plants funded childcare facilities to
ameliorate this problem. Further, mass migration into tight labor markets created a housing shortage.
Management encouraged new housing construction and paid for busses to transport workers to and
from more distant places of residence.

Howard (1978) gives an earlier case study that suggests learning by necessity. The concept of
interchangeable parts in gun manufacture was well understood in the civilian arms industry by the
mid-19th century but didn't spread to the entire industry. It was only the immense demand for
weapons and the demand for interchangeable products from multiple manufacturers during the civil
war that allowed these processes to become the norm in the industry.

As I've noted, it is difficult to disentangle empirically the role of initial fixed costs, economies of
scale, and learning by doing. David C Mowery and Rosenberg (1999a) talk of an initial debugging
phase when introducing a new product which may appear in the data as an initial fixed cost or as

a learning curve (that shows “satiation”). There is also a fine line between the economics of R&D

%n a related contribution, N. Bianchi and Giorcelli (2022) show that government-funded worker and management
training programs during World War Il increased firm productivity.
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and increasing returns to scale. Some knowledge gained through R&D is not appropriable (e.g.
it is product- or firm-specific) or patentable. It might nevertheless be under-provided because of
economies of scale, as it is often involves a one-off fixed cost. We now turn to the importance of

the military in R&D.

3.3 R&D

Research and development is often given as a textbook case of a positive externality that merits sub-
sidization. But K. Arrow (1962) points out that tax subsidies alone may be insufficient to incentivize
innovation. Instead, the entire institutional infrastructure supporting research needs to be considered,
including universities, non-profit organizations, the government, and quasi-government institutions.
Summarizing US technological advancements during World War I, Bush (1945) advocated institu-
tionalizing the support for civilian R&D through a public peer-review system. Some such support for
science has been leveraged through private foundations and governments, e.g. the National Science
Foundation, the National Institutes of Health, and the European Research Council. It is certainly
more efficient to subsidize research based on merit alone. Military or other mission-oriented R&D
risks biasing the direction of technological progress. Nevertheless, David C. Mowery (2010) shows
that OECD governments spend at least as much o