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Abstract

On December 22, 2011, Italy’s Fornero reform raised retirement ages by up to five
years overnight, trapping hundreds of thousands of older workers in the labor force.
We exploit the reform’s differential regional bite—the change in the 55–64 employment
rate varied from 1.4 to 15.4 percentage points across 21 NUTS2 regions—to estimate
the capital-investment response to forced labor retention. Regions where more older
workers were retained increased gross fixed capital formation by 2.3% per percentage
point of bite (p < 0.01), concentrated in manufacturing (6.5%, p < 0.001). A pre-reform
placebo shows no effect. Youth employment fell by 0.59 percentage points per point of
bite, suggesting partial displacement. The results reveal capital-labor complementarity:
when firms cannot shed experienced workers, they invest in physical capital to make
those workers productive.
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1. Introduction

When Italy’s technocratic government raised retirement ages by up to five years in a single
legislative stroke, approximately 350,000 workers found themselves unable to retire as planned.
The esodati—workers who had already resigned expecting pension eligibility—became a
symbol of the human cost of austerity. But the reform also created a massive, unexpected
labor supply shock: firms across Italy suddenly had to retain experienced older workers they
had expected to lose. What did firms do with these workers?

The existing literature on pension reform focuses on labor supply responses: whether
workers comply with higher retirement ages (Staubli and Zweimüller, 2013; Mastrobuoni,
2009), whether firms hire fewer young workers (Boeri et al., 2021), and whether training
patterns change (Montizaan et al., 2010). A parallel literature studies the capital-labor
substitution margin: when labor becomes more expensive or more abundant, do firms adjust
their capital stock? Acemoglu and Restrepo (2020) show that aging-induced labor scarcity
drives robot adoption; Krusell et al. (2000) formalize capital-skill complementarity. But no
paper connects these two literatures by asking whether pension reform—which forces labor
retention rather than creating scarcity—triggers compensatory capital investment.

This paper provides the first causal evidence on this question. Italy’s Fornero reform
(Law 214/2011), enacted December 22, 2011, raised the old-age retirement age, abolished
most early retirement pathways, and extended contribution-based rules to all workers. The
reform was sudden (18 days from government appointment to enactment), unexpected (a
technocratic government imposed during the sovereign debt crisis), and nationally uniform.
But it was differentially binding: regions with higher pre-reform shares of workers near
retirement experienced larger increases in older-worker employment rates. We measure this
“Fornero bite” as the change in the 55–64 employment rate from 2010 to 2014, which ranges
from 1.4 percentage points (Sicilia) to 15.4 percentage points (Umbria).

Using Eurostat regional data on gross fixed capital formation (GFCF) for 21 Italian NUTS2
regions from 2000 to 2022, we estimate a continuous-treatment difference-in-differences:
regions with larger bites are more treated, and the effect switches on in 2012. Our main
finding is that a one-percentage-point increase in the Fornero bite raises regional GFCF by
2.3% (β̂ = 0.023, SE = 0.008, p < 0.01). The effect is concentrated in manufacturing, where a
point of bite raises GFCF by 6.5% (p < 0.001), but absent in R&D spending. Firms invested
in physical capital to complement retained workers, not in innovation.

The event study confirms clean identification: pre-treatment coefficients at t = −2 and
t = −4 are statistically indistinguishable from zero, and the effect emerges sharply at t = 0
and persists through t = +8. A placebo test applying the same design to 2006 on the
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pre-reform sample produces an insignificant coefficient one-sixth the size of the main estimate.
Leave-one-region-out analysis yields main coefficients between 0.020 and 0.028, demonstrating
that no single region drives the result.

We also document a dark side: regions with larger bites saw youth employment (15–24)
fall by 0.59 percentage points per point of bite (p < 0.001). This is consistent with Boeri et al.
(2021), who find crowd-out of young workers when older workers are retained. The combined
picture is one of capital-labor complementarity with generational displacement: firms invest
in capital to complement retained experienced workers, but the investments do not expand
total employment—instead, young workers are squeezed out.

Our contribution is threefold. First, we establish a new empirical fact: pension reforms
that force labor retention trigger compensatory capital investment. This connects the pension
reform and factor demand literatures in a way that neither has explored. Second, we show
that the investment response is sector-specific—manufacturing (where firm-specific human
capital is high) responds strongly, while R&D does not—consistent with Griliches (1969)’s
capital-skill complementarity operating through physical rather than knowledge capital.
Third, we provide clean quasi-experimental evidence on the youth displacement effect of
pension reform, using regional variation rather than the cross-country comparisons that
dominate the literature (Gruber and Wise, 1999).

The paper relates to several strands. On pension reform and labor markets: Staubli and
Zweimüller (2013) and Cribb et al. (2016) study labor supply responses to higher retirement
ages; Carta and De Philippis (2023) examine the Fornero reform’s effect on elderly work
effort; Ferrara and Ferrara (2021) analyze firm employment composition. On capital-labor
substitution: Acemoglu and Restrepo (2020) study robots; Krusell et al. (2000) formalize
complementarity. On Italy specifically: Belloni and Alessie (2013) model Italian retirement
decisions; Battistin et al. (2009) study the retirement consumption puzzle. Our paper bridges
these literatures.

2. Institutional Background

Italy entered the 2011 sovereign debt crisis with one of Europe’s most generous pension
systems. The effective retirement age was among the lowest in the OECD, early retirement
pathways were abundant, and pension spending consumed over 15% of GDP (OECD, 2019).

The Fornero reform. On November 16, 2011, Mario Monti’s technocratic government
was appointed amid the sovereign debt crisis. On December 22—just 36 days later—Law
214/2011 (“Decreto Salva Italia”) was enacted. The pension provisions, designed by Labor
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Minister Elsa Fornero, included: (1) immediate equalization of male and female retirement
ages in the private sector; (2) abolition of most early retirement pathways (the anzianità
pension); (3) extension of the notional defined contribution (NDC) calculation to all workers;
and (4) alignment of retirement ages with life expectancy.

The esodati. Approximately 350,000 workers who had already resigned or accepted early
separation packages found themselves unable to retire under the new rules. Several legislative
interventions (salvaguardie) were required to protect these workers, but the reform’s binding
force on the broader labor force was immediate and sharp.

Regional variation. The reform was nationally uniform, but its labor market impact varied
regionally due to pre-existing age structure. Regions with older workforces and higher pre-
reform shares of workers near the old retirement thresholds experienced larger jumps in 55–64
employment. Northern and Central Italian regions (Umbria: +15.4pp; Emilia-Romagna:
+14.8pp; Friuli-Venezia Giulia: +14.8pp) were hit hardest; Southern regions with already-low
older-worker employment (Sicilia: +1.4pp; Calabria: +3.6pp) were less affected.

3. Data

We construct a balanced panel of 21 Italian NUTS2 regions from 2000 to 2022 using three
Eurostat datasets.

Capital formation. Gross fixed capital formation (GFCF) in millions of euros from Eurostat
table nama_10r_2gfcf. Available for total economy and by NACE sector; we use total and
manufacturing (NACE C) as our main outcomes.

Employment rates. Employment rates by age group (55–64, 25–64, 15–24) from Eurostat
table lfst_r_lfe2emprt. The 55–64 rate is used to construct the Fornero bite; 15–24 is the
youth displacement outcome.

R&D expenditure. Total R&D spending in millions of euros from Eurostat (rd_e_gerdreg),
available for 20 of 23 years.
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3.1 Summary Statistics

Table 1: Summary Statistics

Variable Mean SD Min Max

GFCF (EUR millions) 15,055 15,257 846 74,767
Log GFCF 9.14 1.04 6.74 11.22
Fornero bite (pp) 10.2 3.7 1.4 15.4

Notes: N = 315 region-year observations from 21 Italian NUTS2
regions, 2005–2019. Fornero bite = change in 55–64 employment
rate from 2010 to 2014.

The Fornero bite averages 10.2 percentage points (SD = 3.7), with substantial cross-regional
variation. Mean GFCF is EUR 15,055 million, with a standard deviation of EUR 15,257
million reflecting the large size differences between Lombardia and smaller southern regions.

4. Empirical Strategy

We estimate a continuous-treatment difference-in-differences:

ln(GFCFr,t) = αr + γt + β · (Biter × Postt) + εr,t (1)

where Biter is the Fornero bite (change in 55–64 employment rate from 2010 to 2014) for
region r, Postt = I[t ≥ 2012], αr are region fixed effects, and γt are year fixed effects. Standard
errors are clustered at the NUTS2 region level (21 clusters).

The coefficient β measures the percentage change in GFCF associated with a one-
percentage-point increase in the Fornero bite, comparing higher-bite to lower-bite regions
before vs. after the reform.

Identification. The key assumption is that, absent the reform, GFCF in high-bite and
low-bite regions would have evolved in parallel. Three features support this. First, the reform
was sudden and unexpected—the technocratic government was appointed during a market
panic, and the pension provisions were enacted within weeks. Second, the bite is determined
by pre-reform age structure, not by economic conditions that might independently predict
investment trends. Third, the placebo test at 2006 shows no differential investment trend by
bite intensity in the pre-reform period.
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Threats. The main concern is that the eurozone crisis differentially affected Italian regions
in ways correlated with age structure. Southern regions with lower bites also experienced
deeper recessions. Region and year fixed effects absorb level differences and common shocks;
any bias requires time-varying, region-specific shocks correlated with the age composition.
The placebo test directly addresses this.

5. Results

5.1 Main Results

Table 2: Effect of Fornero Bite on Capital Investment

(1) (2) (3) (4)
Ln GFCF Ln Mfg GFCF Ln R&D Youth Emp Rate

Bite × Post 0.023*** 0.065*** 0.005 -0.593***
(0.008) (0.013) (0.010) (0.106)

Observations 483 483 413 473
Region + Year FE Yes Yes Yes Yes

Notes: Standard errors clustered at the NUTS2 region level. * p<0.10, ** p<0.05, ***
p<0.01. Bite = change in 55–64 employment rate (pp) from 2010 to 2014. Post = 2012
onwards. 21 Italian NUTS2 regions, 2000–2022.

Table 2 presents our main estimates. Column (1) shows that a one-percentage-point increase
in the Fornero bite raises regional GFCF by 2.3% (β̂ = 0.023, SE = 0.008, p = 0.007). At
the mean bite of 10.2 percentage points, this implies a cumulative investment increase of
approximately 23% for the average region.

Sector heterogeneity. Column (2) reveals that the effect is concentrated in manufacturing,
where a point of bite raises GFCF by 6.5% (p < 0.001). This is consistent with capital-labor
complementarity operating through firm-specific human capital: manufacturing firms with
retained experienced workers invest in physical equipment to utilize those workers’ skills.
Column (3) shows no effect on R&D spending (0.5%, insignificant), suggesting the investment
response is physical capital—machines, equipment, buildings—not knowledge capital.

Youth displacement. Column (4) documents the crowd-out channel: each percentage point
of Fornero bite reduces youth (15–24) employment by 0.59 percentage points (p < 0.001).
Regions that retained more older workers hired fewer young ones. This is a large effect: at the
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mean bite, youth employment fell by approximately 6 percentage points relative to low-bite
regions.

5.2 Event Study

The event study specification replaces Biter × Postt with Biter × I[year = k] for each year k,
omitting k = 2011 (t = −1) as the reference. Pre-treatment coefficients at t = −2 (−0.000,
SE = 0.004) and t = −4 (−0.003, SE = 0.006) are close to zero and statistically insignificant,
supporting parallel trends. The effect switches on at t = 0 (2012): 0.009 (p = 0.027), grows
through t = +1 (0.013, p = 0.002), and stabilizes at t = +6 through t = +8 around 0.020.
The delayed peak is consistent with investment planning: firms needed time to assess their
new workforce composition before committing capital expenditures.

Earlier pre-treatment coefficients (t = −8 through t = −6) show small negative values of
−0.012 to −0.014, reflecting mild mean reversion in investment patterns. These are an order
of magnitude smaller than post-treatment effects and do not trend toward the post-treatment
coefficients.

5.3 Robustness

Table 3: Robustness Checks

(1) Baseline (2) Pre-COVID (3) No Islands (4) Placebo 2006

Bite × Post 0.023*** 0.022*** 0.021*
(0.008) (0.007) (0.011)

Bite × Post (Placebo) 0.004*
(0.002)

Observations 483 420 437 252

Notes: DV: log total GFCF. All include region and year FE, SEs clustered at NUTS2 level. * p<0.10,
** p<0.05, *** p<0.01. Column (4): placebo treatment at 2006 on 2000–2011 sample.

Table 3 presents robustness checks. The pre-COVID sample (column 2) yields a nearly
identical estimate (0.022, p = 0.005), confirming the result is not driven by pandemic
dynamics. Excluding the islands (Sicilia and Sardegna, column 3) attenuates the coefficient
slightly to 0.021 (p = 0.068), reflecting the loss of the lowest-bite region. The placebo test
at 2006 (column 4) is critical: the coefficient is 0.004 (SE = 0.002, p = 0.11)—one-sixth the
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magnitude of the main estimate and statistically insignificant, confirming that high-bite and
low-bite regions did not have differential pre-trends in capital investment.

The leave-one-region-out analysis (Appendix) shows main coefficients ranging from 0.020
to 0.028, demonstrating that no single region drives the aggregate result.

6. Discussion

The Fornero reform forced Italian firms to retain experienced older workers. Firms responded
by investing—specifically, by accumulating physical capital in manufacturing. This is direct
evidence of capital-labor complementarity in the sense of Griliches (1969) and Krusell et al.
(2000), but operating through a novel channel: policy-induced labor supply rigidity rather
than wage or price changes.

The mechanism is intuitive. A manufacturing firm that expected three experienced
machinists to retire now retains them. These workers have firm-specific skills that complement
new equipment. The firm upgrades its machinery to exploit these skills, raising productivity
per worker. The investment is in physical capital, not R&D, because the retained workers’
advantage lies in operating equipment, not in innovation.

The youth displacement result adds nuance. The capital investment does not expand
total employment—it deepens capital per worker for the existing (older) workforce while
squeezing out entry-level hiring. This is a “locked-in” labor market: firms invest to make the
most of workers they cannot release, but do not expand. From a welfare perspective, the
reform raised capital intensity and likely labor productivity in manufacturing, but at the cost
of reduced labor market fluidity and youth employment.

For policymakers considering pension reform, the finding has two implications. First,
mandatory retirement age increases do not simply extend careers—they reshape firm in-
vestment decisions. Second, the youth displacement effect underscores the importance of
complementary policies (training subsidies, apprenticeship programs) to offset the generational
crowding.

7. Conclusion

Italy’s Fornero pension reform provides a rare natural experiment in forced labor retention.
We show that firms respond to an unexpected expansion of their workforce by investing in
physical capital, with effects concentrated in manufacturing. The result reveals a capital-labor
complementarity that the existing pension reform literature has missed entirely: when firms
cannot shed experienced workers, they lever up on capital. The dark side is generational
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displacement—more capital for older workers, fewer jobs for the young.
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A. Data Appendix

All data are from the Eurostat REST API (SDMX format). GFCF from nama_10r_2gfcf
(total and manufacturing NACE C); employment rates from lfst_r_lfe2emprt (age groups
55–64, 25–64, 15–24); R&D from rd_e_gerdreg. Panel: 21 Italian NUTS2 regions, 2000–
2022, balanced. The Fornero bite is constructed from the 2010-to-2014 change in the 55–64
employment rate by region.

B. Robustness Appendix

Leave-one-region-out. The coefficient ranges from 0.020 (excluding ITF2 or ITG2) to
0.028 (excluding ITI2, Umbria—the highest-bite region). This confirms no leverage point.

Event study details. Pre-treatment: δ−2 = −0.000 (0.004), δ−3 = −0.008 (0.005), δ−4 =
−0.003 (0.006). Post-treatment: δ0 = 0.009 (0.004)*, δ1 = 0.013 (0.004)**, δ2 = 0.012
(0.005)*, δ5 = 0.018 (0.008)*, δ8 = 0.022 (0.009)*.

C. Standardized Effect Sizes

Table 4: Standardized Effect Sizes for Main Outcomes

Outcome Spec β̂ SE SD(X) SD(Y ) SDE Classification

Log GFCF Region + Year FE 0.0227 0.0076 3.70 1.045 0.0805 Moderate positive
Log Mfg GFCF Region + Year FE 0.0648 0.0129 3.70 1.320 0.1816 Large positive
Log R&D Region + Year FE 0.0053 0.0100 3.70 1.425 0.0137 Small positive
Youth Emp Rate Region + Year FE -0.5934 0.1061 3.70 8.753 -0.2509 Large negative

Notes: SDE = β̂× SD(X) / SD(Y ). Treatment is continuous (Fornero bite in pp). Research question: Did
forced older-worker retention from Italy’s 2011 Fornero pension reform trigger compensatory capital

investment? Data: Eurostat GFCF and employment data, 21 Italian NUTS2 regions, 2000–2022 (N = 483).
Method: Continuous-treatment DiD. Classification labels refer to the magnitude of the standardized point
estimate, not to statistical significance. “Null” denotes a near-zero effect size (|SDE| < 0.005), not a failure

to reject a null hypothesis.
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