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Abstract

Innovation leads to higher productivity, yet it can lead to higher inflation if markets are incomplete.
Exploiting changes in state level R&D tax credit policy, we establish a causal link between the
level of innovation and the local price of non-tradable consumption goods. We rationalize this
finding in a multi-region model of a monetary union where regions can experience displacive
shocks that reallocate output among agents. Because the benefits of economic growth accrue
asymmetrically across all agents, prices of non-tradable goods can rise even as regional output
increases. Local stock markets provide evidence that is consistent with model predictions. In
both the data and the model, returns to local growth firms help households insure against

increases in the local price level.



Over the last four decades, inflation in the United States exhibited substantial heterogeneity
across regions. For instance, Massachusetts has experienced an average inflation rate equal to 3.6%
per year over the last few decades, while Illinois has had an average annualized inflation rate of 2.8%.
What explains such persistent differences in inflation across regions? One potential explanation could
point to differences in productivity growth across regions. However, accounting for productivity
changes deepens the puzzle: Massachusetts has experienced faster productivity growth (1.7% per
year) than Illinois (1.2%), and thus conventional wisdom would suggest that Massachusetts should
have experienced lower levels of inflation as the unit cost of production has declined relative to
that in Illinois. Another answer would be differences in local business cycles across states: in the
presence of nominal rigidities, states that experienced positive demand shocks could experience
higher inflation and higher output per worker. However, controlling for differences in the output
gap (unemployment) across states does little to change the positive correlation between inflation
and productivity, which echoes the findings in Hazell, Herrenio, Nakamura, and Steinsson (2022),
suggesting that demand shocks at the frequency of local business cycles are not the most likely
explanation.

In this paper, we provide a supply-side explanation for the positive correlation between inflation
and productivity growth that is reminiscent of the Balassa (1964) and Samuelson (1964) effect.!
In particular, we take the stance that the economic value of innovation cannot be shared fully
with financial market participants in different regions—a significant fraction of the value of new
technologies created in Massachusetts accrues to the original innovator, key talent, and local investors
in Massachusetts. Given the difficulty of establishing property rights to ideas, we assume that the
market for selling claims to future ideas is incomplete.? Since workers in Illinois cannot invest in
securities whose payoff is contingent on the value of innovation in Massachusetts, the value created
by these new ideas mainly accrues to (some) households in Massachusetts. As a result, regions
that experience increased local innovative activity experience not only productivity improvements,
but also a positive local wealth effect. Under certain conditions, the positive pressure on local
prices induced by the wealth effect can increase the local price of non-tradable goods, even as their
marginal cost of production falls, which leads to higher local inflation.

We begin by providing a set of stylized facts that support our mechanism. Using changes in local
R&D tax credits as a plausibly exogenous source of variation in the regional level of innovation, we

first confirm that these changes positively impact local innovation measures based on patents. Our

!The Balassa-Samuelson hypothesis is that productivity increases in the tradable sector can lead to an increase in
wages for the workers employed in the tradable sector in Massachusetts, which in turn can increase the demand for
non-tradable goods and therefore their price relative to non-tradable goods in Illinois. Importantly, a key assumption
behind this mechanism is that labor is freely mobile within regions across sectors but not mobile across regions within
the US. This assumption seems sensible in an international context, but it is perhaps less plausible when focusing on
differences across regions in a single country.

2This limited risk-sharing arises due to fundamental frictions in creating new ideas, which are often embodied in the
human capital of the original innovator (or ‘stored’ using the language in Crouzet, Eberly, Eisfeldt, and Papanikolaou
(2022)).



innovation measures recognize that not all patents are equally valuable; we construct innovation
indicators that weigh patents based on their forward citations (Hall, Jaffe, and Trajtenberg, 2005);
the stock market reaction of innovating firms (Kogan, Papanikolaou, Seru, and Stoffman, 2017); or
their novelty and impact based on their textual similarity to prior and subsequent patents (Kelly,
Papanikolaou, Seru, and Taddy, 2021).

Second, we demonstrate that changes in local R&D tax credits result in a noticeable increase
in measured productivity and local inflation. The magnitudes are statistically significant and
economically meaningful: over the next five years, a one-standard deviation increase in R&D tax
credits leads to a 1.3 percentage point surge in the rate of local inflation and a 0.6 percentage point
increase in labor productivity growth. These increases in local inflation are primarily concentrated
in, though not limited to, non-tradable goods such as housing and services. Interestingly, we find
no relation between changes in local R&D tax credits and the median income level at the state
level, though we do see that the level of (top) income inequality increases significantly. This positive
correlation between local innovation and inflation is robust to alternative ways of measuring the
housing component and to varying scales of geographical aggregation, including evidence from both
U.S. metropolitan areas and EU member countries.

Importantly, we find that a shock to local innovation leads to increases in top income inequality,
but not to the real median income or wages. This pattern is consistent with our intuition that gains
from innovation are concentrated and not fully shared across households—both across, but most
importantly, also within regions. Thus, our results point to a somewhat more nuanced explanation
than the standard Balassa-Samuelson effect: the increase in wealth resulting from local innovation is
concentrated in the top of the earnings distribution, rather than across all workers in the region. But,
similar to the standard Balassa-Samuelson effect, the increase in local wealth stimulates demand for
local non-tradeable goods and hence leads to higher local inflation.

We formalize this intuition using a model with two regions and two goods. Each region produces
tradable and non-tradable goods in a continuum of productive units (projects). There are two types
of productivity shocks. Neutral productivity shocks increase the supply of tradable and non-tradable
goods. Displacive productivity shocks also increase aggregate output, but they also shift the relative
share of output produced from incumbent to new productive units. Our formulation of the displacive
shock follows Garleanu, Panageas, Papanikolaou, and Yu (2016) and captures in reduced form the
effects of creative destruction or reallocation of economic activity from old to new technologies. In
the appendix of the paper, we show how our reduced form assumptions can be microfounded in a
quality ladder model with creative destruction as in Aghion and Howitt (1992).

Notably, financial markets in our setting are incomplete. Specifically, increases in output partially
occur through the creation of new projects that partly displace the value of incumbent firms. The
critical assumption in the model is that the ownership of these new projects cannot be fully shared

across all financial market participants in both regions. That is, a significant fraction of this value



accrues to the original innovator—a stand-in for entrepreneurs, key employees, or initial investors
with a non-diversified stake in the firm. Markets are incomplete: these innovators cannot sell
claims against their future potential endowment of these new projects in financial markets. As a
result, displacement shocks lead to the redistribution of wealth from the owners of existing firms to
innovators. This wealth redistribution increases the cross-sectional dispersion of marginal utilities:
most households across both regions suffer small losses while a few lucky households in the home
region experience significant wealth increases. Under a convex marginal indirect utility of wealth,
which is a feature of common preference specifications (such as CRRA or Epstein and Zin (1989)),
the displacement shock raises the level of the local stochastic discount factor, effectively acting as a
local demand shock, leading to an appreciation of local price levels.

After illustrating the model’s mechanism in closed form, we explore the model mechanism
quantitatively. To calibrate the model to the data, we allow foreign investors to own shares in
domestic firms, which allows them to own claims on some, but not all, of the benefits of innovation.
Our calibrated model replicates several moments of real economic variables, including the mean
and volatility of regional consumption and output growth rate. To ensure that magnitudes of
displacement shocks are realistic, we also target as a part of the calibration correlation between
inflation and inequality and the volatility of relative inflation. In the model, displacement and
standard TFP shocks generate distinct implications for the correlations between innovation, inflation,
and inequality, so matching these moments helps determine the size of displacement shocks. Our
equilibrium model successfully replicates the inflation dynamics and regional real variables.

The fact that the benefits of innovation are concentrated to (some) local households is not the
only mechanism that can generate a positive correlation between local productivity changes and local
inflation. Another possibility is portfolio home bias: local households may tilt their portfolios toward
local firms, which is consistent with the evidence in Becker, Ivkovic, and Weisbenner (2011). To the
extent that households in Massachusetts disproportionately invest in firms located in Massachusetts
compared to households in Illinois, local productivity improvements can also result in local wealth
changes. However, we find weak evidence supporting this channel: stock market returns to local
firms are weakly negatively correlated with local inflation, a prediction that is at odds with this
explanation but can be actually consistent with our model mechanism if incumbent firms derive most
of their value from their assets in place. By contrast, and again consistent with our model mechanism,
we document a positive correlation between inflation and returns on a growth-minus-value portfolio.
which implies that investors can hedge price increases to local non-tradable goods by investing in
the returns of local growth firms.

We then analyze our model’s predictions regarding household portfolio holdings. In particular,
Coval and Moskowitz (1999) document that investors favor local, non-tradable firms within their
portfolios. This pattern is consistent with our model since households aim to hedge against

displacement risk. In the model, local non-tradable firms exhibit higher sensitivity to wealth



fluctuations compared to tradable firms, making them more effective as hedges against these
fluctuations. As a result, our model generates a home bias in households’ portfolio holdings —
households concentrate their portfolios toward local non-tradable stocks. This prediction aligns
with the regional home bias patterns documented in existing literature.? In our model, investors
favor local non-tradable firms and tilt their portfolios toward local growth stocks, which allows them
to hedge local displacement risk. As we discussed above, local growth firms offer a hedge against
displacement.

We conclude by offering an additional piece of evidence that supports our mechanism. Specifically,
we show that the local price level is correlated with the incidence of Initial Public Offerings (IPOs)
in the area. In the context of our model, an IPO can be viewed as the realization of a positive
wealth shock to the founders of the new firm—their wealth was illiquid prior to the IPO but became
liquid afterward. Thus, our model would predict that an increase in IPO activity would have the
same implication for the local price level as an increase in the level of local innovation.

In sum, we contribute to the literature by exploiting regional heterogeneity in innovation
intensity and providing causal evidence that technological shocks lead to an increase in local prices
of consumption goods, especially for non-tradable goods. Studying cross-sectional differences in
inflation, effectively holds monetary policy fixed, which helps isolate the real drivers of inflation. In
this way, our paper also relates to recent literature that explores geographic variation in inflation
and output to understand the causes of inflation and its relation with regional business cycles (Babb
and Detmeister, 2017; Hooper, Mishkin, and Sufi, 2020; Fitzgerald, Jones, Kulish, and Nicolini, 2020;
Beraja, Hurst, and Ospina, 2019; McLeay and Tenreyro, 2018; Hazell et al., 2022). We contribute
to this literature by documenting that local innovation is a significant driver of local inflation. In
addition, we show that local inflation is positively related to local income inequality. Our analysis
thus suggests that local inequality and inflation share a common cause — displacive innovation
shocks—which complements the evidence in Aghion, Akcigit, Bergeaud, Blundell, and Hemous
(2018).

Importantly, our results provide direct evidence in favor of the displacive nature of technological
shocks. In particular, a small but growing literature in asset pricing has argued that investors may
want to hedge states of the world with high levels of technological innovation (Papanikolaou, 2011;
Garleanu, Kogan, and Panageas, 2012; Kogan, Papanikolaou, and Stoffman, 2020; Huang, Kogan,
and Papanikolaou, 2024). A key feature of the mechanism in Garleanu et al. (2012) and Kogan

3The existing literature has focused on information-based explanations for this pattern. For instance, Huberman
(2015), argues that familiarity breeds investment and demonstrates that investors are more likely to invest in stocks
of companies headquartered close to their residences. Ivkovic and Weisbenner (2005b) emphasizes the importance
of the information content of geography in individual investors’ stock investments, suggesting that local knowledge
plays a significant role in investment decisions. Van Nieuwerburgh and Veldkamp (2009) highlights the impact of
information immobility and the effect of local expertise on asset prices. Grinblatt and Keloharju (2001) emphasizes
the role of culture in shaping home bias. However, none of these explanations would predict differences in home bias
between firms producing tradable vs non-tradable firms. We contribute to this literature by proposing an alternative
mechanism consistent with this pattern.



et al. (2020) is preferences over relative consumption, which induces households to want to hedge
both changes in their absolute consumption and their relative wealth share. DeMarzo, Kaniel, and
Kremer (2007) develop a theoretical micro-foundation for these preferences that operates through
the relative price of goods in fixed supply. Our results provide evidence that increases in local
innovation have a potentially negative spillover to other households through increases in the price of
non-tradable goods.

Our mechanism is related to the Balassa-Samuelson effect (Balassa, 1964), (Samuelson, 1964),
but it operates through changes in the distribution of income rather than through an overall increase
in income levels. In particular, the Balassa-Samuelson effect suggests that productivity increases in
the tradable sector can lead to higher wages for workers in that sector. Assuming labor can freely
move across sectors within a state, this can also raise wages in the non-tradable sector, thereby
increasing the prices of non-tradable goods relative to tradable goods. While this mechanism could,
in principle, explain a rise in demand for non-tradable goods due to higher wages, our empirical
findings suggest a more nuanced explanation. Specifically, we observe a weak negative correlation
between fluctuations in median income and our measures of innovation. Furthermore, our results
remain robust to controlling for labor productivity growth, indicating that our mechanism works
primarily through the tail distribution rather than a broad-based shift in income levels. This
suggests that our findings are also unlikely to be driven by inter-regional worker migration in
response to skill-biased technological shocks, which would tend to raise local wages in response to
local productivity improvements by changing the skill composition of the local workforce.

Differences in inflation across states can significantly impact the quality of living and, as a result,
affect real income inequality. A growing body of literature studies how nominal income inequality
growth can lead to a more pronounced increase in real income inequality growth, particularly within
models incorporating endogenous supply responses. Jaravel (2018) presents evidence that innovation
predominantly caters to the expanding market of the top income earners. Faber and Fally (2021)
show that more productive firms target wealthier households. Fajgelbaum, Grossman, and Helpman
(2011); Fajgelbaum and Khandelwal (2016); Fajgelbaum and Gaubert (2020) examine the welfare
implications of trade across the income distribution. Dingel (2016) shows that in U.S. cities, residents
with higher incomes stimulate the creation of superior-quality products through an endogenous supply
mechanism. Extending this logic to the endogenous development of neighborhoods within cities,
Couture, Gaubert, Handbury, and Hurst (2019) quantify its corresponding impact on well-being
inequality. Our findings contribute to this literature by identifying a distinct mechanism: innovation
elevates both nominal income inequality and inflation, thereby inducing a more substantial real
income inequality.

Our empirical analysis using regional portfolio returns builds on the literature examining regional
stock return patterns. In particular, Korniotis and Kumar (2013) explores the relationship between

local economic variables and stock returns of local firms. Pirinsky and Wang (2006) documents



strong comovement in stock returns of local firms. Other papers that examine the impact of local
factors on asset prices and firm policies include Garcia and Norli (2012); Becker et al. (2011);
Tuzel and Zhang (2017); Parsons, Sabbatucci, and Titman (2020); John, Knyazeva, and Knyazeva
(2011). We exploit the heterogeneous exposure of local firms to local displacive innovation shocks to
highlight the significant impact of technology shocks on local asset prices.

Last, our findings also contribute to understanding the determinants of the regional home bias.
Prior work highlights the role of information asymmetry, behavioral factors, and cultural and social
proximity in shaping regional home bias (Coval and Moskowitz, 1999; Huberman, 2015; Becker
et al., 2011; Van Nieuwerburgh and Veldkamp, 2009; Grinblatt and Keloharju, 2001; Seasholes and
Zhu, 2010; Branikas, Hong, and Xu, 2020; Demarzo, Kaniel, and Kremer, 2004)). By contrast,
we provide a novel motivation for portfolio home bias that is based on a hedging motive: in our
model, investors rationally tilt their portfolios towards local firms, specifically local firms producing
non-tradeable goods, because these firms help investor hedge local wealth and inflation shocks. This
model prediction is consistent with Coval and Moskowitz (1999), who document a strong local

preference of investors for locally headquartered firms that produce non-tradable goods.

1 Inflation and Innovation

We begin by documenting a set of stylized facts regarding the empirical relation between local

inflation indices, income inequality, and innovation outcomes.

1.1 Data Construction

We perform our empirical analysis primarily at the state level within the U.S. Our sample covers
the 1978 to 2017 period.?. Below, we briefly discuss the construction of the central variables in our

analysis and refer the reader to Appendix A for additional details.

Inflation

Our starting point in creating state-level inflation indices is Hazell et al. (2022). Hazell et al. (2022)
construct state-level price indexes for the U.S. using the data that the Bureau of Labor Statistics
(BLS) collects to compute the aggregate CPI indices. One important shortcoming of this data is
that it does not include the rent prices used to construct the shelter component of CPI, which
accounts for one-third of the expenditure weight.® Therefore, we augment the data with house price

data from the Federal Housing Finance Authority (FHFA), which produces nominal state-level price

“The time period is constrained by the availability of local inflation data. Figure A.3 shows the 32 states with
inflation data available. Due to the limited number of public firms in Alaska and Hawaii, we have excluded these two
states from our sample in the analysis.

®As of December 2021, the shelter component of CPI enters with a weight of 32.9%, out of which 24.3% is owner’s
equivalent rent of primary resident — an estimate of the rent that owner-occupants would have to pay if they were
renting their homes; 7.4% is rent of primary residence, and 0.9% is lodging away from home. (source).


https://www.bls.gov/cpi/factsheets/owners-equivalent-rent-and-rent.htm

indices for all states. We construct our headline inflation measure as a weighted average of housing
price appreciation and the non-housing inflation measure of Hazell et al. (2022), using a fixed weight

on housing equal to 32.9%.5

Innovation

We use patents to measure innovation at the state-year level. We assign a patent to a given year
based on its grant date and assign it to a state based on the location of the assignee(s) listed on
the patent. To associate a patent with a firm (assignee), we use the mapping from patents to
Compustat firms provided by Kogan et al. (2017). We then combine this information with the firm’s
headquarters information from COMPUSTAT to link patents to states. Importantly, we also allow
for innovation to spill over to neighboring states. Specifically, we apply the innovation impact of
a patent assigned to state {i} to a collection of states, including state i itself and its neighboring
states, {C;}”. In what follows, we refer to this collection of neighboring states, including state i, as
the vicinity of state i.

Next, we construct three measures of innovation flows that consider differences in patent quality.
First, we adjust the number of patents based on their number of forward citations. Second, we
adjust patents for their economic value, according to Kogan et al. (2017). Breakthrough patents
are defined as being in the top 20% based on citation or economic value. Lastly, we use the patent
breakthrough characterization of Kelly et al. (2021), who use textual analysis to identify significant
novel patents. The breakthrough patents are defined as being in the top 20% of the distribution in
terms of their backward and forward similarity, using a five-year window. We scale the number of
breakthrough patents of these three measures by population each year.

We obtain other state-level economic indicators, such as GDP, employment, and population,
from the Bureau of Economic Analysis®. The real GDP is calculated by deflating state-level GDP
by GDP deflator (BEA account code: A191RD). State-level productivity is calculated as the total
real GDP divided by employment. The state-level real median income data is from U.S. Census
Bureau, retrieved from FRED?.

Data on state R&D tax credit changes comes from Wilson (2009) and Bloom, Schankerman, and
Van Reenen (2013). Wilson (2009) quantifies the rate of each of these credits. There is a variation

across states in implementing R&D tax credits, including decisions on whether the credit covers all

SBefore 1983, the BLS calculated housing-service inflation as a weighted average of changes in housing prices and
mortgage costs — an approach similar to our construction. This approach’s main drawback is that interest rate changes
could directly affect housing prices, affecting CPI. In our estimation strategy, we include state and time-fixed effects
to mitigate this effect. After 1983, the BLS switched to using rent inflation as a proxy for overall housing services
inflation. However, almost 70% of this component is owner-occupied housing (“rental equivalence”), collected by
asking homeowners to estimate the rent they could collect on their homes.

"The adjacent states of state i are defined as the collection of states that share the border with state i.

8State-level GDP data is from BEA table SAGDP, and the state-level employment and population data are from
BEA table SAINC.

9The income series is adjusted by the Census Bureau using aggregate CPIL.



qualifying expenditures or is incremental, based on prior expenses. In addition, for the incremental
tax credits, the basis of previous expenditures could be fixed in time or a moving average of recent
activity. We calculate the rate of R&D tax credit following the method outlined in Wilson (2009).
See Appendix A.2 for details.

1.2 Inflation and Productivity

We begin by examining the relationship between productivity and inflation. Figure 1 shows that
the unconditional correlation between average productivity growth and average inflation in the
cross-section of states is positive. That said, there are a number of unobserved factors that could
drive this positive correlation. To this end, we focus on variation within states and within time by

estimating the following specification:

Titits = B Gitits + 7 Xit + it (1)

The dependent variable is the growth in the (log) price level in state ¢ from ¢ to ¢ + s. The main
independent variable of interest is the growth in labor productivity (defined as the growth in the
real level of local output relative to the growth in local employment) between year ¢ and ¢t + s. Our
benchmark case focuses on the horizon s of 5 years. Depending on the specification, we include
a vector of controls X, which includes the lagged level of labor productivity and the (log) price
level, state and year fixed effects, and the level of the local output gap (unemployment) in year ¢.
Standard errors are calculated based on Newey-West procedure, with a bandwidth equal to 7 years.

Table 1 shows an economically and statistically significant positive correlation between the
level of productivity and the level of local inflation. A one-standard-deviation increase in local
productivity growth is associated with approximately a 1.5 percentage point higher cumulative
inflation at the five-year horizon. This positive relation is largely invariant to focusing on within-state
variation, controlling for lags of the price level and productivity or the level of unemployment.
Figure 2 shows that the correlation between productivity and inflation increases with the horizon.

These results point away from a pure demand-side explanation. As we see in column (5) of
Table 1, controlling for the local level of the output gap, as measured by local unemployment, does
little to affect the positive correlation between inflation and productivity growth. This finding
echoes the results of Hazell et al. (2022) regarding the flatness of the Phillips curve at the state
level. For our purposes, it strongly suggests that local demand shocks are not the main drivers of
the positive relation between productivity and inflation. In particular, if prices are nominally rigid,
a local demand shock can boost both the local price level and local output per worker, for instance

if investment in physical capital increases.



1.3 The Effect of Innovation on Productivity and Inflation

One possible explanation behind the positive correlation between inflation and productivity in
Table 1 is a Balassa-Samuelson effect that can arise in the presence of incomplete markets. In
particular, if a fraction of the benefits from increases in local productivity are not shared equally
across states, increases in local productivity can raise local demand for non-tradable goods and,
therefore, boost prices if supply of non-tradable goods is not perfectly elastic.

One possible channel through which productivity growth may create a local wealth effect is
home bias in investors’ portfolios. In particular, if investors overweigh local stocks, an increase in
productivity of local firms may induce a positive wealth effect and, therefore, increase the price
of non-tradable goods in the local area. However, as we see in the last column of Table 1, the
correlation between the returns of local firms and inflation is, in fact, negative.

Innovation—creating new intangible capital goods—is another plausible source of productivity
gains whose benefits need not be widely shared across different regions. Crouzet et al. (2022) discuss
several reasons why the ownership of property rights from intangibles is somewhat fuzzy and likely
difficult to contract upon. No matter whether innovation originates in startups or large publicly
traded firms, writing contracts that allow for perfect ex-ante sharing of these benefits is likely
difficult. In the case of startups, the original innovator, early investors, and key employees likely reap
a disproportionately larger share of the benefits than stock market investors who purchase shares
in an initial public offering. In the case of large publicly traded companies, top employees largely
appropriate a significant share of the value of these technologies (see, e.g. Kogan, Papanikolaou,
Schmidt, and Song, 2020, for direct evidence based on publicly traded firms).

We begin by showing that the correlation between inflation in the local area and innovation
activity is positive. To do so, we re-estimate versions of equation (1), where we now replace the

main independent variable with measures of local innovation. Specifically, we estimate

Titp+s = BIn(innovyy ¢ y15) + 7 X + €i- (2)

where independent variable In(innovy;, ;) is the flow of innovation between year ¢ and t + s at
the vicinity of state i. When innov is equal to 0, we replace In(innov) by the minimum value in the
sample and add a dummy equal to one if innov is equal to 0, thereby preventing the removal of
the observation from the data. As before, the vector of controls includes one lag of the (log) price
level and state and year fixed effects. In addition, we also estimate versions where we include the
unemployment rate at time t as a control as a measure of the output gap.

We summarize the results in Table 2, where each row corresponds to a separate measure of local
innovation. As we examine the table, we see that the coefficient 8 estimate is positive and statistically
significant across different innovation measures and specifications. In magnitude, the local price level

rises by 3 to 4 percentage points over a five-year horizon in response to a one-standard-deviation



increase in local innovation.

We next examine in Figure A.1 how each inflation component responds to the same innovation
shock by estimating (2) separately for different categories. From Panel A of Figure A.1, we observe
that inflation in non-tradable goods responds significantly more than inflation in tradable goods. In
addition, housing inflation responds significantly more than non-housing inflation. Both exhibit a
statistically positive response, with housing inflation being considerably more volatile than non-
housing inflation (see, e.g. Stock and Watson, 2019; Hazell et al., 2022). Panel B re-estimates these
results when different inflation components are normalized to a unit standard deviation. We see
that, in terms of relative volatility, innovation accounts for a comparable fraction of housing and
non-housing inflation. For example, based on the KPSS measure, a one-standard-deviation increase
in local innovation is associated with approximately a 0.3 to 0.4 standard deviation increase in the
housing and non-housing inflation components, respectively.

Naturally, both inflation and the level of local innovation are endogenous outcomes. To identify
a source of exogenous variation in the level of local innovation, we follow Bloom et al. (2013) and
use changes in the state-level R&D tax credits in the vicinity of state i. In particular, shocks to
R&D tax credits induce changes in the user cost of R&D capital, which can subsequently affect the
level of local innovation intensity.!? For a given state i at time ¢, the R&D tax credits in the vicinity
of state 7 is the weighted average of R&D tax credits in these states. The weights are the proportion
of each neighboring state’s lagged GDP, relative to the total lagged GDP of all neighboring states.
Specifically, the R&D tax credit for the vicinity of state 7 at time ¢ is:

Y11

RDTCjys = ) wsiaRDTCuti Wi = e Yiet

se{i}

(3)

where {i} is the set of states in the vicinity of state i, RDT'Cj; is the R&D tax credit in state s at
time t. ws ;¢ is the weight of state s in calculating its impact on state ¢, and Y, ;1 is the GDP in
state s at t — 1.

First, we establish that the tax policy instruments do predict local innovation intensity
ln(iDHOV{i}’t,t+5) = ﬁRDTC{i}’t + v Xi,t + Eit- (4)

The dependent variables are various innovation measures. The independent variable is the
average R&D tax credit in the vicinity of state i. As before, the vector of controls includes state

and year fixed effects.

10Consistent with this view, Akeigit, Grigsby, Nicholas, and Stantcheva (2022) demonstrate that changes in corporate
taxes have significant effects on both the quantity and quality of innovation. That said, one potential concern with
using these tax policy changes as instruments is that they may be endogenous to shocks to local economic factors.
However, Bloom et al. (2013) argue that this is unlikely to be the case, based on the lack of a significant statistical
relation between previous fluctuations in a state’s R&D spending or GDP, and subsequent changes in R&D tax policy.
This suggests that R&D tax policy changes are unlikely to be endogenously determined by local economic conditions,
supporting their validity as instruments in our study.

10



As we see in Table 3, there is a strong economically and statistically significant relation between
the average R&D tax credit in the vicinity of state ¢ and innovation intensity in the same area.
For instance, a unit standard deviation increase in our R&D tax instrument leads to a 0.14 to 0.21
standard deviation increase in the different measures of local innovation activity.

Next, we examine the relation between the R&D tax credit, and several local outcomes
Yittt+s = BRDTCpy ¢ + v Xijt + €t (5)

The dependent variable is equal to the growth in output per worker, the (log) price level in state i
from ¢ to t + 5, the growth in median income, and the growth in top income inequality (the income
share that accrues to the top 1% in that state).

Table 4 shows that an increase in R&D incentives has a positive impact on local productivity and
inflation: a one-standard deviation increase in the level of R&D tax credits leads to a 0.6 percentage
point (pp) increase in productivity and a 1.2 to 1.3 percentage point increase in cumulative inflation
over the next five years. In columns (3) to (4), we see evidence that the gains from innovation
are concentrated: an increase in R&D tax credits has no economically or statistically significant
effect on the median income at the state, but it does have a meaningful impact on the local level of
income inequality. In particular, a one-standard-deviation increase in the R&D tax credit leads to
a 1.8 to 1.9 percent increase in the local level of income inequality, as measured by the share of
income that accrues to the top 1%.!! Last, Table A.1 in the Appendix reports the 2SLS results.

In Table 5, we again separately examine the response of different components of inflation to the
change in R&D tax credits. Examining the table, we see that all components of inflation increase in
response to an increase in R&D tax credits to local firms. However, the magnitude of the response is
significantly larger for the non-tradable goods (1.7 pp increase) compared to the tradable goods (0.6
pp increase). The fact that the price of tradables responds at all does suggest that the classification
of tradables is imperfect or there are some cross-sectional differences in the prices of tradables due
to differences in markups or quality that are not reflected in the price indices. In addition, we see
that the housing price responds more (2.7 pp increase) than the other non-housing components of
inflation (0.6 pp increase).

Figure A.2 analyzes the response of each inflation component to changes in the R&D tax credit,

with each component normalized to a unit standard deviation. While the housing component is

1The fact that income at the top of the distribution responds relatively quickly to patent grants is consistent with
the findings of Aghion et al. (2018) and Kogan et al. (2020). There are several reasons why income of the highest
earners may respond relatively soon. First, firms may commit resources and make payments toward the development
and commercialization of the innovation in anticipation of future profits from the innovation. Second, firms may
choose to sell products that incorporate the innovation before or after the patent grant. By doing so, they can begin
capturing profits from the innovation ahead of the patent grant. Third, even during the application stage, patenting
brings certain advantages. For example, it can facilitate access to external financing or increase the likelihood of
an initial public offering (IPO) for start-up firms. These favorable circumstances can translate into higher incomes
for innovative entrepreneurs. Hsu and Ziedonis (2008) and Haeussler, Harhoff, and Mueller (2014) provide further
evidence of the income gains associated with these factors.
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more responsive than the non-housing component, both exhibit a comparable magnitude of change
relative to their respective volatilities. Specifically, one unit standard deviation increase in our R&D
tax instrument leads to a 0.1 to 0.15 standard deviation increase in the different components of

inflation.

1.4 Additional Results and Robustness

The analysis above shows that both the housing and non-housing components, at the state level,
respond with a similar relative magnitude to changes in local innovation. However, we acknowledge
that the unconditional volatility of housing inflation is higher. To further assess the robustness
of our findings, we explore alternative ways of measuring housing inflation and examine results at

different levels of geographical aggregation.

Rent Based Inflation at the MSA Level

In 1983, the Bureau of Labor Statistics (BLS) shifted from using a weighted average of changes in
housing prices and mortgage costs to using rent changes as a proxy for overall housing inflation. We
next present additional evidence using this rent-based method to examine the relationship between
innovation and inflation.

To this end, we use BLS data on the Consumer Price Index (CPI) at the metropolitan level,
focusing on the CPI for All Urban Consumers (CPI-U). Our sample covers 27 metropolitan areas
and spans the period from 1983 to 2017.12

Building on our state-year analysis, we construct an innovation measure at the MSA-year level
using patents. Consistent with the state-level approach, we assign the innovation impact of a
patent attributed to MSA i to the collection of states overlapping with this MSA. Using the same
methodology, we construct three measures of innovation flows that account for differences in patent
quality.

We re-estimate the impact of innovation on inflation at the MSA level using (2). The results are
presented in Table A.2. We see that, over the sample period, a one-standard-deviation increase in
innovation is associated with a 1.2 to 2.1 percentage point increase in headline inflation.

To identify exogenous variation in local innovation levels, we construct MSA-level R&D tax

credit changes using (3). For each MSA ¢, we aggregate state-level R&D tax credits from overlapping

12GSimilar to our state-level analysis, we exclude Urban Alaska, AK, and Urban Hawaii, HI. Our sample therefore
includes the following metropolitan areas: Atlanta-Sandy Springs-Roswell, GA; Baltimore-Columbia-Towson, MD;
Boston-Cambridge-Newton, MA-NH; Chicago-Naperville-Elgin, IL-IN-WI; Cincinnati-Hamilton, OH-KY-IN; Cleveland-
Akron, OH; Dallas-Fort Worth-Arlington, TX; Denver-Aurora-Lakewood, CO; Detroit-Warren-Dearborn, MI; Houston-
The Woodlands-Sugar Land, TX; Kansas City, MO-KS; Los Angeles-Long Beach-Anaheim, CA; Miami-Fort Lauderdale-
West Palm Beach, FL; Milwaukee-Racine, WI; Minneapolis-St. Paul-Bloomington, MN-WI; New York-Newark-Jersey
City, NY-NJ-PA; Philadelphia-Camden-Wilmington, PA-NJ-DE-MD; Phoenix-Mesa-Scottsdale, AZ; Pittsburgh, PA;
Riverside-San Bernardino-Ontario, CA; San Diego-Carlsbad, CA; San Francisco-Oakland-Hayward, CA; Seattle-
Tacoma-Bellevue, WA; St. Louis, MO-IL; Tampa-St. Petersburg-Clearwater, FL; Washington-Arlington-Alexandria,
DC-VA-MD-WYV; and Washington-Baltimore, DC-MD-VA-WV.
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states, applying either equal weights or lagged GDP weights. We then examine the relationship
between R&D tax credit and inflation at the MSA level by estimating (5). The results, reported
in Table A.3, show that a one-standard-deviation increase in local R&D tax credit leads to an
approximately 0.7 percentage point increase in local inflation. This finding aligns with our state-level
analysis. It provides evidence that the observed relationship between innovation and inflation is
robust to an alternative method of measuring the housing component and different geographic scales

of aggregation.

Evidence from the Eurozone

We next conduct a similar analysis by looking at a very different setting: the EU area. Countries
in the Euro-zone have adopted a common currency and trade frequently with each other. Thus,
interactions in these countries likely closely resemble those of U.S. states. Building on this economic
parallel, we examine the relation between innovation and inflation in the euro zone.

To this end, we obtain the CPI and population data on euro-zone countries from the World
Bank. We follow the same procedure and use patents to measure innovation at the country-year
level. Patents data is from European Patent Office (the PATSTAT dataset). To associate a patent
with a country, we rely on information on patents applicants (assignee) and inventors. When patents
have N co-applicants or co-inventors, we split them evenly and allocate 1/N of the patent to each
applicant’s (inventor’s) country. To account for patent quality, we adjust based on forward citations.
The top 20% of patents in forward citations each year are regarded as important patents. Our
sample covers 1999-2017, allowing patents a five-year window for citation accumulation. Each year,
we normalize the count of significant patents by country’s population. See Appendix A.1 for details
on the data construction.

We then examine the effects of innovation on inflation using the same specification as in (2)

Titt+s = BIn(innovey i 115) + v X + i (6)

The dependent variable is equal to the growth in the (log) CPI level in country i from ¢ to t +5. As
before, the vector of controls includes one lag of the (log) CPI level, country and year fixed effects.
The independent variable innov; ¢ 145 is the flow of innovation measure at the country ¢, defined in
the same way as the citation-based measure of Table 2.

Table 6 shows that the coefficient 5 estimate is positive and statistically significant across
different innovation measures and specifications. In magnitude, the local price level rises by 4 to
5 percentage points over a three-year horizon in response to a one-standard-deviation increase in

regional innovation. The estimates using the five-year horizon are quantitatively similar.
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The Balassa-Samuelson Effect

In principle, the patterns we document could be consistent with the standard Balassa-Samuelson
effect. The Balassa-Samuelson hypothesis is that productivity increases in the tradable sector can
lead to higher wages for workers in that sector. Assuming labor can freely move across sectors
within a state, this can also raise wages in the non-tradable sector, thereby increasing the prices of
non-tradable goods relative to tradable goods.

To explore the extent to which this mechanism can account for our findings, we first examine
the response of median wages at the state level using the Occupational Employment and Wage
Survey (OEWS) from the BLS. This dataset provides annual median wages for a given state from
2001 to 2017.'3 Using this dataset, we re-estimate the specification in equation (5), substituting
the dependent variable with the real median wage growth of state ¢ over the period t to t + 5. We
deflate the nominal wage by the aggregate CPI-U to obtain real wages. The results, presented in
Table 7, show a weakly negative relationship between an increase in local R&D tax credits and real
median wage growth.

As an robustness check, we also replicate this analysis using data from the Panel Study of
Income Dynamics (PSID), a longitudinal survey that collects individual-level labor outcomes. This
data set allows us to construct a panel series of state-level median wages and analyze their response
to local innovation shocks. Our sample focuses on individuals aged 20 to 59 during the period from
1978 to 2017, with non-missing geographical information. We use the PSID core sample but also
report results including the low-income households from the SEO sample. To calculate state-level
real median wages, we take the median of survey respondents’ real wages for each year in each state
(see Appendix A for a detailed description of the sample construction).

We estimate the relationship between local wage growth and local innovation by estimating
the specification in (5), replacing the dependent variable with the median wage growth of state i
over the period from ¢ to t + s. Given that the PSID becomes biannual after 1998, our benchmark
analysis focuses on a 4-year horizon s = 4. As a robustness check, we also estimate a version of (5)
with s = 5 where missing state-level values are linearly interpolated through adjacent observations
for each state.

Table A.4 reports the results. We see that an increase in R&D incentives has a negative impact
on subsequent median wage growth. A one-standard deviation increase in local R&D tax credit
leads to a 2 log point decline in median wage growth. The estimation using interpolated values
produces similar results. Table A.5 reports the results using the full sample. We see that the results
are consistent, albeit with a slightly smaller magnitude. This aligns with the intuition that the
gains from innovation are not equally shared across households, and is consistent with the recent

findings of Kogan et al. (2020) on the impact of creative destruction on labor income.

13The Bureau of Labor Statistics Occupational Employment and Wage Statistics provides wage estimates from 1997
onward. However, state-level median wages across all occupations are only available starting in 2001.
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In sum, the fact that increases in innovation have a weakly negative impact on local wage growth

suggests that the standard Balassa-Samuelson effect is unlikely to account for our results.

1.5 Summary

Overall, we document a robust positive correlation between measures of productivity and inflation at
the state level. We argue that this positive relation is partly driven by differences in local innovation
intensity, which is positively related to both local productivity and local inflation. Using R&D tax
credits as an instrument for local innovation supports a causal interpretation. Furthermore, we
provide evidence that this correlation remains robust across different methods of measuring housing
inflation and at varying levels of geographic aggregation.

What type of model would generate a positive correlation between inflation and productivity?
One possibility is local demand shocks that increase local income and positively affect the empirical
measure of productivity. However, the fact that controlling for measures of the output gap
(unemployment) does little to affect the magnitude of this correlation suggests that this is unlikely
to be a pure demand-side story.

A natural starting point for interpretation is the framework of Balassa (1964) and Samuelson
(1964), in which increases in local productivity lead to higher local incomes and wealth. However,
our empirical results in Table 4 are only partially consistent with this mechanism: increases in local
innovation lead to higher income inequality, but are not associated with higher median wage earnings.
This pattern suggests that the gains from increased local innovation intensity are concentrated rather
than fully shared across all local households and that incomplete markets, not only across regions,
but also within regions, are an important part of the mechanism. The model in the next section
proposes a mechanism along this direction: increases in productivity lead to local wealth effects, as
in Balassa (1964) and Samuelson (1964), but these gains are concentrated in a few households—the

entrepreneurs.

2 The Model

In this section, we develop a model with incomplete financial markets that generates a positive
correlation between productivity, innovation, and the local price level. An important difference with
Balassa (1964) and Samuelson (1964) is in the type of market incompleteness we emphasize. We
first develop a simple model that delivers the intuition for the primary mechanism of the paper.
The model has multiple regions that produce tradable and non-tradable goods. To simplify the
exposition, we assume flexible prices, and no fiscal or monetary policy. Given the absence of nominal
rigidities, the mechanism we propose operates through the real price of non-tradable goods. Markets
are exogenously incomplete: a share of the benefits of innovation from local firms accrues only to

local investors. This assumption can be justified if part of the value of new ideas accrue to the
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innovators, who cannot sell claims on proceeds from their future ideas (see, e.g. Kogan et al., 2020;
Crouzet et al., 2022, for a discussion). Since the gains from innovation are not shared equally across
households, innovation will raise the wealth of some local households, which can afford to spend

more on local goods, leading to price increases.

2.1 Model Setup

The economy consists of two regions, which we label as 'home’ (H) and ’foreign’ (F'), and two goods:
the tradable good (T') and the non-tradable good (NT'). Both types of goods are produced in both
regions. While the tradable good can be moved across regions and consumed in either region, the
non-tradable good must be consumed in the same region where it is produced. Time is discrete
and is indexed by t. Given that the model is symmetric, we focus on solving the problem of the
domestic household, with the foreign household solving an identical problem. We use stars to denote

variables associated with the foreign region.

Production

There is a continuum of productive units (projects) in each region that produce output. One may
think of these units as individual product lines or establishments. There are two types of projects
in each region: projects that produce T-goods and projects that produce NT-goods.

We begin by discussing the projects producing non-tradable goods. There is an expanding
measure of projects producing non-tradable in each region, indexed by (i, s, NT') where s denotes
the creation date of the project, and i € [0, 1] denotes the index of the project within its cohort in

each region. A project (i, s) produces a flow of output Y]{}T,t’  at time ¢ according to

Y](fT,t,s = a?VT,t,sYNT,t (7)

Here, a’}VTt s € [0,1] denote the fraction of non-tradable goods produced by project ¢ in the home

region. By construction, these shares add to one:

Z/ a?\fT,t,s =1 (8)
<t 1€[0,1]

S

Our model has an element of creative destruction, in which new productive units displace existing
ones. We model this process in reduced form, following Garleanu et al. (2016). Each period a new
set of projects arrives exogenously in each region. These new projects, indexed by i € [0, 1], are
heterogeneous in their productivity. The productivity of a newly arriving project ¢ in the home

region satisfies the following:

a%NT,t,t =(1- e_uNT’t>X§VT,t7 (9)
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where un7; is a random, non-negative shock affecting all non-tradable projects in the home region
at time t. XZNTJ are non-negative idiosyncratic productivity shocks, which are determined at time ¢
and satisfy [, €0.1] Xﬁ\mt = 1. It follows that the total fraction of non-tradable goods produced by

the cohort of projects created at time ¢ is equal to
/ Y]Z\'IT,t,t = (1 - eiuNT’t) YTt (10)
1€[0,1]

The random shocks uny7; in (10) reallocate revenue from incumbent projects to new projects.
Collectively, the fraction of output produced by existing projects is e “NT:t for home. Specifically,

the output share of an existing project created at a time s < ¢ in the home region is given by

. . t
i 4 — _ uNT,
ANT s = ONT,s,s€ Ln=st1 UNTn (11)

The projects that produce tradable goods are similar. The productivity of newly created projects

satisfies:
/ Vi, = (1—e ") Yy, (12)
€]

Households

Each region contains a unit measure of households, indexed by h € [0, 1]. At time zero, households
have equal endowments consisting of all projects in existence at that time. Households have access

to financial markets and maximize their expected utility of consumption,

iﬁs InC,

s=t

Unt = Eq (13)

Households have finite lives and can hedge their mortality risk using a competitive annuity
market. At each date, ¢, a mass £ of households, chosen randomly, die, and a new group of households
of measure £ is born so that the entire population size remains constant. The annuity issuer collects
the wealth of deceased households, £ W, and distributes the proceeds to the surviving population,
including the newly born agents. This arrangement implies that newly born households have some
initial wealth (recall that there is no labor income in the model).

Households in the home region consume a composite C; of tradable Cr; and non-tradable Cnr

goods,
Cy = (CT,t)a(CNT,t)lfa (14)

The parameter a captures the share of non-tradable goods in the household’s utility.
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Last, we normalize the price of the tradable good (the numeraire good) to one; hence,
pre =1 (15)

where pr is the price of tradable goods in both regions. We denote the price of non-tradable goods

in the home and foreign region as pyrt; and pyp,, respectively.

Aggregate Output

The aggregate output of each of the two types of goods S € [NT, T] in each region r € [H, F] evolves
exogenously according to

AlnYg, 1 =p+eg +0ug, (16)

Examining equations (16), we see that each output process is driven by two shocks, € and u. The
first shock, ¢, affects the output (and dividends) of all projects symmetrically. The second shock,
u, is the displacive shock in the model: it reallocates market share from existing projects to new
projects (recall equations (9) and (11)). We allow this shock to affect aggregate output—motivated
by the standard endogenous growth models—and parameterize its impact on output by ¢ € (0, 1).

In sum, displacement shocks serve two functions in our model. First, positive displacement
shocks increase overall output. Second, they reallocate market share from incumbent firms to new
entrants. As such, our specification is a reduced-form description of a process of innovation and
creative destruction as in expanding varieties models (e.g., Romer, 1987, 1990) or as in models

with creative destruction (see e.g., Aghion and Howitt, 1992).

New Projects and Financial Markets

Households in our model can trade a complete set of securities contingent on aggregate shocks. In
particular, they can trade equity claims on existing firms and riskless, zero-net-supply bonds in both
regions. Consumers can trade state-contingent claims on the displacement shock v and the neutral
shock . However, financial markets in our model are incomplete along an important dimension
related to how new projects are created and how the existing households participate in the resulting
wealth creation. In each period, households innovate with some probability. Successful innovation
leads to creating a new project. Importantly, households cannot share this risk ex-ante; that is, they
cannot sell claims against their own future endowment of new projects, as in Kogan et al. (2020).
As a result, a shock to the relative profitability of new projects u leads to the redistribution of
wealth from the owners of existing projects to the new entrepreneurs. This market incompleteness
is the key aspect of the model, as it introduces a wedge between aggregate consumption growth and
the marginal utility of the average investor.

At time zero, agents are equally endowed with all projects in existence at that time. From that

point onward, new projects arrive in the economy each period, with productivity proportional to

18



aﬁvrm’t. Property rights to these new projects are assigned partly to the inventors and partly to
existing firms. Specifically, we assume that a fraction n € (0, 1) of the total value of new projects is
allocated to a measure ¢ € (0, 1) of the population—inventors or entrepreneurs, and established firms
(and therefore all households) own the residual fraction 1 — 5. To facilitate aggregation, we assume
that the likelihood of any household becoming an inventor in any given period is proportional to its
wealth entering the period. To highlight the model’s central mechanism, we begin by first examining
the case where 1 = 1 and subsequently relax this assumption when calibrating the model to the

data.

2.2 Equilibrium

Our definition of equilibrium is standard. An equilibrium is a set of price processes, consumption
choices, and asset allocations such that (a) consumers maximize expected utility over consumption
and asset choices subject to their dynamic budget constraint, (b) all asset and goods markets clear.

Markets are incomplete; hence households’ marginal utilities are not equalized across states
through risk sharing. However, because all agents within a region are solving the same optimization
problem, we can represent their collective demand for consumption and financial assets using a
representative agent construct, which has a state-dependent utility over the region-level aggregate
consumption C;, and controls the entire region’s wealth.

We can describe equilibrium allocations using a central-planner formulation with stochastic

Pareto-Negishi utility weight A;:

max > B (InCy+ A\ InCy), (17)

{CNT,t,CNp Ot CF 1 } 7
subject to the aggregate resource constraints
Cri+Cry=Yry+Yr,, Onri=YnTt, and CNpy = Yyry, (18)

along with the consumption aggregator in (14).

2.3 Relative prices and inflation
We can define the price level for a region as the ratio of consumer expenditures to real consumption,

_ Ot + Pnri Onryg

P, 19
; = (19)
The relative price level across the two regions is then equal to
P,
e; =1In (J;) =InC —InCy —In\,. (20)
t
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Equation (20) highlights the critical element of our model. In complete markets, A is a constant,
and equation (20) reduces to a Backus-Smith condition applied to regional price levels. Relative to
the complete-market setting, our model adds the term \;, which reflects the wealth redistribution
created by innovation shocks under incomplete markets.

To shed further light on the above result, consider the (fictitious) representative consumer’s
optimization problem. The domestic consumer allocates her chosen level of consumption expenditures

C; across tradable and non-tradable goods:

max alnCr;+ (1 —a)lnCyry
{Cr,+,CNT,t} (21)

st.  Cri+ Pn1i Cntt < Gy

Hence, the representative consumer in each region solves the same optimization problem. The
problem of the foreign consumer is defined analogously. Given her preferences, the consumer

allocates constant expenditure shares across tradable and non-tradable goods:

CT,t = OlCt, Cik—"t = OZC;‘,

C . Cr (22)
CNT,t = (1 — Oé) ¢ N CNT,t = (1 — a) *t .
PNTt PNT,t

Combining the first order condition from the representative agent’s problem (17) with those of each

representative agent (22), we have that

* * *
Tt P NT,t “NT,t

At = = .
Cri  Pn1iCnty

(23)

The first equality follows from the fact that the T' goods are tradable, while the second equality
follows from agents allocating a constant share of consumption expenditures across goods. Since
AC; = Cf, equation (20) follows directly from the definition of the regional price level (19).
Further, since consumption expenditures are proportional to wealth, it also follows that
— Wt*
Wy’

Mt (24)

where W; is the total wealth of households in the home region (and W;" in the foreign region). Last,
illustrating a further connection with international finance models, note that we can also write the
ratio of relative prices (20) as the ratio of the two regions’ stochastic discount factors—which differ

because of market incompleteness and the presence of non-tradable goods,

Ce1/C
Aerp1 =Aln CTI/TI =In M1 —In Mgy
t+1/ ~t+1
=AInC/,, — AlnCyyy — Aln Ay, (25)
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where the stochastic discount factor is proportional to the growth in marginal utility for each
representative consumer. Overall, the ratio of marginal utilities, Ay, which also equals the ratio of
regions’ wealth, affects the real allocations and relative prices. In our model, \; varies over time in

response to displacement shocks due to market incompleteness.

2.4 The role of displacement risk

Displacement risk introduces a wedge between aggregate consumption growth and the stochastic
discount factor. To understand why this is the case, note that because of incomplete markets, the
marginal utility of the ‘representative’ household depends on displacement shock and aggregate
consumption.

At each point in time, we can partition the set of all households into two groups, those that
receive profitable new projects (fraction ¢) and those that do not (fraction (1 — ¢)). Households
have a constant consumption-to-wealth ratio; therefore, their consumption process is proportional
to the market value of their portfolios. Hence, we can express the equilibrium stochastic discount

factor as follows:

-1 -1
My = B (Ct“) (1= )b +¢ ( 1-a - <) bt“) (26)

receiving new projects

displacement

where Cy, Cyy1 are the aggregate consumption bundles in the home region. b,y is a key variable
in our model: it corresponds to the wealth share of households that do not receive shares in new
projects in their home region.

If we denote

A ~ 1— (1= b\ "
i = 20 = = ¢ () 1)
A ¢
then we can express the dynamics of A\ as
AlnAp1 =InQf —InQyq. (28)

To gain better intuition for the properties of the SDF, consider the limiting case in which only a
small set of new projects produce non-zero profits while most new projects are worthless, i.e., ¢ — 0.

In this case, the expression for the SDF simplifies to

Crpr\
M1 =ﬁ< C ) bty (29)

According to (29), any economic shock that reallocates wealth from existing firms to new projects
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increases the SDF. For example, the limit of households having extreme preferences for local non-
tradable goods (or equivalently a single-region version of the model), i.e., with o = 0, implies that
Inb;y1 = —uyy1. More generally, the exact mapping from u; to b, depends on the structure of the
model.

In brief, incomplete markets introduce a wedge between the model’s stochastic discount factor
and the one arising in a standard, Lucas-tree endowment economy. This additional term, which
depends on the wealth share of existing households, reflects that not all households experience the
same growth rate in consumption. Successful innovators experience a dramatic increase in wealth
as they receive the economic value of new projects. Since marginal utility is a convex function of
consumption, an increase in the dispersion of consumption growth raises the stochastic discount

factor, similar to the intuition in Constantinides and Duffie (1996).

2.5 Two illustrative special cases

We next discuss two special cases of the model, which help build intuition for the general result. In

doing so, we maintain the assumption that all new projects accrue to new innovating households

(n=1).

Displacement shocks only in the non-tradable good sector

We first focus on the case when displacement shocks affect only the non-tradable sector (that is,
ur = 0 whereas unt, = us and u*NTt = uy). We also assume that the neutral shocks to the tradable
sector are perfectly correlated, that is, corr(ery, e*T7t) = 1. These assumptions allow us to derive
explicit solutions. In particular, the wealth shares of the non-innovating households (households
that do not receive any shares in new projects) in each region are then given by

apdy + (1 — a) pdjpe i

b, = , 30
i apdp + (1 — a) pdyr (30)

apdr + (1 — a) pdyp e "ttt
apdp + (1 — a) pdyr

b1 =

where pdp, pdyr are the (constant) price-dividend ratios of firms producing 7" and NT' goods.

Equation (30) illustrates how the wealth share A\;41 varies over time as a result of the displacement
shock (captured by b;y1 and b; ;) and imperfect risk sharing. A positive realization of uy,; implies
that a measure-zero of households in the foreign region received claims to new projects. Due to the
limited risk-sharing, these households cannot share their gains with other households in the foreign
or the home region. As a result, the relative wealth of the foreign region rises, implying an increase
in Agg1.

Combining the equations above with (20), the solution to the planner’s problem (17), and the

aggregate resource constraints, at the symmetric steady state, the relative inflation rate can be
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expressed as
T = (1 — @) (—AIn g1 — Ouggr — 441 + 0uf g +E141) - (31)

In the limit as the share of households receiving new projects goes to zero, ( — 0, we have

(1_O‘)pdNT * *
M1 =(1—a - - b, — . 2
t+1 = ( )(( ¥ { \pd 0 ) (w1 — ujyq) €441 — Et4+1 (32)

Equation (32) reveals that the two types of supply shocks have very different implications for
relative price levels across regions in the model economy. The neutral supply shocks ¢ play the
standard role: relative prices fall in a region experiencing a positive supply shock. By contrast,
the displacive supply shocks u increase overall output but may lead to higher inflation. A positive
displacive shock u increases the supply of non-tradable goods at home and, all else equal, lowers the
overall price level. The strength of this channel depends on the value of §. However, an inflationary
effect operates through market incompleteness: a positive u-shock also increases the total wealth of
local households (and thus lowers \;) and raises local demand for non-tradable goods. The strength
of the wealth effect depends on the degree of market incompleteness—the relative share of firms
producing non-tradable goods and the relative size of new projects in the economy. Given our
simplifying assumption that only firms in the non-tradable sector are subject to displacement risk,

the latter effect dominates as long as the valuation of the N'T sector is sufficiently large,

(1 — ) pdnr
apdr + (1 —a) pdyt’

(33)

where pdyr and pdp are the (cum-dividend) price-dividend ratios for firms in each sector. In this
case, a positive displacement shock wusy1 leads simultaneously to higher regional output and higher
inflation.

The above analysis highlights a nuanced difference between our mechanism and the Balassa-
Samuelson hypothesis. The Balassa-Samuelson effect suggests that productivity increases in the
tradable sector can lead to higher wages for workers in that sector. Assuming labor can freely move
across sectors within a state, this can also raise wages in the non-tradable sector, thereby increasing
the prices of non-tradable goods relative to tradable goods. In comparison, our mechanism does not
rely on the equalization of wages and production costs but instead operates through limited-risk
sharing and the resulting wealth effects. As a result, our mechanism does not require productivity
shocks to occur in the tradable sector. Innovations in non-tradable sectors, such as services, can
also lead to higher prices for non-tradable goods.

In sum, when displacement shocks affect only the NT sector, the effect of innovation shocks on
inflation is theoretically ambiguous: a positive u-shock in the domestic region increases the demand

for non-tradable goods and their supply. We show below that the demand effect persists when
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displacement shocks originate in the tradable-good sector, which, without an increase in supply,

leads to an unambiguously positive relation between innovation shocks and local inflation.

Displacement shocks in the tradable-good sector

We next assume that displacement shocks originate only in the tradable-good sector. In this case,
UNT, = u}‘vnt =0, ur; = u, and u}’t = uj. In this setup, a positive displacement shock always
raises local inflation. In particular, the displacement shock only affects local inflation through the

relative wealth of the two regions,

T = (1= @) (FAIn X1 — enter1 + ENretr) (34)
In the limiting case of ( — 0, we can approximate the relative inflation around the stochastic steady

state as

apdT,s
apdr s+ (1 — a)pdnr,s

ma (1= a)

(w1 = ufyy) + EnT1 — 5NT,t+1> ’ (35)

where pdr s and pdyrts are the price-dividend ratio of 7" and NT firms at the steady state,
respectively—the model is symmetric, so the sectoral price-dividend ratios are equal across the
home and foreign regions in steady state.

Just like before, a positive displacement shock at home always reallocates wealth from the
foreign region to the home region, which leads to a fall in A\; and an increase in demand for domestic
non-tradable goods. The difference with the previous case, in which displacement shocks only affect
the non-tradable good sector, is that the supply of non-tradable goods remains unchanged. Hence,
prices of non-tradable goods move only due to increased demand. As a result, a displacement
shock in the tradable-good sector leads to an unambiguously positive relation between u and local

inflation.

2.6 The general case

We conclude our discussion of the model mechanism by focusing on the case in which displacement
shocks affect projects in both the tradable and non-tradable good sectors (that is, ur, = u NT,t = Ut
and uj,, = uyp, = u;). In this case, the wealth share of households that do not receive shares in

new projects in their home region is given by the following expression:

bey1 =1—
Y741 (1 4+ Xe1) apdrier + (1 — o) pdnT 41

)
a (yT,t—i-l P71 + Y1y pdEtH) +(1-a) (71+A1t+1pdNT,t+1 + 71+t)\+tilpdfvgr¢+1)

(1 — e_“t“) ,
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where yr 41 = Y741/ YT,tH is the share of the tradable good produced by the home region. Given
the discussion in the previous section, we see that a positive displacement shock induces a positive
wealth effect in the local region and therefore tends to increase local inflation.

In the limit of ( — 0 and assuming the u shocks are sufficiently small in magnitude, we can

approximate the relative inflation around the symmetric steady state as
i1 = (1= a) (1= 0) (w1 — uiiy) + ENTe1 — ENT41) - (37)

2.7 Discussion of Modeling Assumptions

Our model features some assumptions that are not standard in the literature. Here, we discuss

these briefly.

Displacement Shock

Our assumptions on the process for aggregate output and contribution of incumbent and new firms
in Section 2.1 can be microfounded by a relatively standard model of creative destruction. To
conserve space, we briefly summarize the main ingredients of the model here and refer the reader
to Appendix C.6. In particular, final goods in each sector are CES aggregates of a continuum
of varieties. Each variety is produced by a monopolist who faces CES demand and sets prices
accordingly. Firms produce each variety using a Cobb-Douglas technology that employs land and
labor. Labor is freely mobile across the country. Lands is locally supplied but can be used in
both sectors. An innovation (displacement) shock corresponds to the probability that each existing
product line in the non-tradable sector is challenged by a new entrant. New entrants improve on
the quality of the existing variety by a factor §.

Overall, the microfoundation in Appendix C.6 illustrates how a displacement shock can simulta-
neously increase aggregate productivity in a region, as in equation (16), but also reallocate profits
from displaced incumbents to new entrants, as in equation (9). In particular, each period, a fraction
of varieties in the non-tradable sector are displaced, with the displacement shock directly determining
the fraction of displaced varieties. New, more productive firms replace the incumbents firms in
producing these varieties. Entrepreneurs (the innovators) that own these new firms appropriate the
benefits of creative destruction, whereas incumbent firms experience declines in profits. The region
experiencing the displacement shock experiences an increase in wealth, and thus increased demand
for non-tradeable goods, but this increase in wealth is heterogeneous among households: incumbent
households that own shares in incumbent firms experience relative wealth declines, whereas the

innovators see increases in their relative wealth.
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Innovators

Our notion of innovators is rather broad and not limited to new technologies’ inventors. Instead, it
incorporates all agents who appropriate a non-diversified share of the value of new technologies.
First, it can include all the key employees responsible for creating these new technologies since part
of these intangibles are embodied or stored in these employees using the language in Crouzet et al.
(2022). Beyond the employees directly responsible for innovative activities, it can also include other
employees in the innovating firms whose compensation is directly tied to firm value. For instance,
Kogan et al. (2020) document that top employees in innovative firms experience a significant increase
in wage earnings following an increase in innovation by their firm. In addition to employees in
innovating firms, the term also includes angel investors and venture capitalists, who help bring these
ideas to market; corporate executives who decide how to optimally finance and implement these
new investment opportunities (Frydman and Papanikolaou, 2018); and local investors who hold
undiversified stakes in local innovative firms.

In sum, the term ‘inventors’ in our model includes all parties that share the rents from new
investment opportunities with households located in other regions that hold diversified portfolios.
Further, the exact process by which inventors and shareholders share the rents from new technologies
can take many forms. One possibility is that inventors work for existing firms, generate ideas, and
receive compensation commensurate with the economic value of their ideas. Since their talent is in
scarce supply, these skilled workers may be able to capture a significant fraction of the economic
value of their ideas. Another possibility is that inventors implement the ideas themselves, creating
startups that are partly funded by outside investors. Innovators can then sell equity in these startups

to investors and thus capture a substantial share of the economic value of their innovations.

Incomplete Financial Markets

The assumption that households cannot share rents from innovation ex-ante can be motivated on
theoretical grounds. For instance, workers whose labor income is exposed to the economic value
of their firms’ innovation cannot easily share that risk in financial markets. More broadly, new
ideas are the product of human capital, which is inalienable. Hart and Moore (1994) show that
the inalienability of human capital limits the amount of external finance that can be raised by new

ventures.

3 Quantitative analysis

So far, we have presented a stylized model to highlight the essential mechanism of the paper. To

explore the quantitative fit of the model to the data, we extend the model along several dimensions.
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3.1 Setup

To conserve space, we only highlight the difference with the previous formulation.

Preferences

We allow households to have a CRRA utility:

0 Cl—'y
Uig =B | D 87—
s=t v

where Cit = [(CT,i,t)a(CNT,i,t)lia]

(38)

Endowment

Second, we allow for the displacement shocks in each region to be correlated, possibly due to
technology spillovers. That is, the effective displacement shock in each region u is a weighted average

of each region’s idiosyncratic displacement shock ,

Ut+1 = (1 - Pu) Uty1 + pu ﬂZ‘H

uir = (L= pu) Uiyy + pulies

where aj,r € {H, F} is the idiosyncratic displacement shocks in each region r.

The displacement shock directly affects the allocation of the production of intermediate goods
to existing firms. Specifically, at a given point in time ¢, all existing firms’ production lines shrink
by e7 ", and a new measure of 1 — e~ " of lines is created—so the total measure of lines remains
at one. Given our specification for productivity above, we can interpret part of these new lines
as an increase in the measure of intermediate goods (as in an expanding varieties model, see e.g.
Romer, 1987, 1990). The fact that existing firms lose product lines should be interpreted as a form
of creative destruction (Aghion and Howitt, 1992). A fraction 7 of these new production lines is
randomly allocated to a small set of households as before (the entrepreneurs) while the remaining
fraction 1 — 7 is allocated to existing firms (and, therefore, indirectly to all the households). When
calibrating the model, we allow for a common displacement shock to affect both sectors, that is,
UNTt = UT,t = Ut.

To ensure the model is stationary, we let the region-specific shocks be co-integrated in each
region. The aggregate output of each of the two types of goods S € [NT, T] in each region r € [H, F]

evolves exogenously according to

Aln YS,t+l =p+es+1 + 5us7t+1 + T(ln Yék,t —In YS,t) (39)
AlnYg, .y = p+egppr +0ugy —7(InYs, —InYsy)

Thus, both regions will produce tradable and non-tradable goods in steady state.
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Firms

We relax the assumption that new projects are allocated only to new firms: we now allow a fraction
1 —n > 0 for new projects to be allocated to local incumbent firms. Allowing for 7 < 1 weakens the
level of market incompleteness since markets would be complete in the case n = 0. Importantly,
how these projects are distributed to local firms is not perfectly symmetric—we assume that firms
vary in their investment opportunities.

We allow for two types of firms: high-growth (growth) firms, that is, firms that can receive
these new projects, and low-growth (i.e. value) firms, that is, firms that do not receive new projects
and derive their value only from assets in place. Since growth firms trade at higher multiples in
equilibrium, we denote them by H, whereas we denote the value firms (those that do not receive
new projects) by L.Firms can transition between the two types, H and L, according to the following

transition probability matrix:
1—
s=|" 7 (40)
qg l—q
Given (40), there is a constant fraction of high- and low-growth firms in each region. Note that
transition probabilities do not affect aggregate quantities in the model.
3.2 Equilibrium

The equilibrium in the full model is largely similar to the simplified model’s, even as the algebra
is somewhat more involved. Given our assumptions, the stochastic discount factor in each region

depends on regional consumption and displacement shocks:

M1 =5 <C(§tl>_7 <C (thC 1o btJA)MY +(1- C)bt—:/l) (41)

¢

As before, relative inflation equals the ratio of stochastic discount factors. We have

M1 = In My g1 — In My
= AC;+1 - ACt+1 —Aln >\t+1
=y(AInC{; —AInCip1) +InQ —InQf (42)

Examining the above, we note the similarities with the log-utility case: the relative inflation is still
driven by relative consumption growth in the two regions, as well as the degree of displacement in

the current periods (In€41,InQf, ;).
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3.3 Parameter estimation

In this section, we describe how we estimate the model parameters. Given our model’s degree of
non-linearity, we solve for the global solution of the model by discretizing the state space and using
a combination of value and policy function iteration.

To reduce the number of estimated parameters, we impose several restrictions on the dynamics
of u shocks: we assume that displacement shocks follow a two-state, i.i.d process. u € {u, up}, with
probability density {p;, 1 — p;}. In addition, we assume the displacement shock in the low state is
zero. That is, u; = 0. After restricting the evolution of u, the full model has 16 parameters. We set
the weight on tradable goods to 0.34, which equals the tradable share used in Hazell et al. (2022).
We set the degree of co-integration to 0.1% and the death rate to 2.5%. We set the relative risk
aversion coefficient to v = 5. We calibrate firms’ transition probabilities p and ¢ directly from the
data. In particular, each year, we sort firms into growth and value categories based on the median
book-to-market breakpoint at the vicinity of each state. Then we estimate the transition probability
over the sample period across all the states.

We estimate the remaining ten parameters of the model by minimizing the distance between
the model and the data. Specifically, given a vector of X of target statistics in the data, we choose

parameters to minimize the following objective function,

1

S ! S
iy (- L3 w (x- L300 ()
=1 =1
where X; (p) is the vector of statistics computed in one simulation of the model. The weighting
matrix W determines the importance of each statistic to the distance criterion to be minimized.
We penalize proportional deviations of the model statistics from their empirical counterparts, so
W = diag(XX")~ 1.

We report our estimation targets in the first column of Table 8. They include a combination of
the first and second moments of aggregate output, consumption, and relative inflation. In addition
to these standard moments in the literature, we target a set of correlations at the five-year horizon.
The neutral shock and displacement shock have different implications for inflation. Thus, the
correlation between inflation and output and the set of bilateral correlations are informative about
the relative magnitude of these two sets of shocks. In addition, we target the correlation between
top 1% income inequality, inflation, and the level of local innovation. Given that displacement
shocks drive the dynamics of inequality, these correlations are informative about the magnitude of
displacement shocks in the model. See Appendix A for more details on constructing the moments

we target in our estimation.

29



3.4 Model Fit

Table 8 shows that the baseline model fits data reasonably well. Our model produces realistic growth
rates of regional consumption and output, high output volatility, and low consumption volatility.
The model matches the low level of interest rate.

Our model successfully replicates the correlations between innovation, output, and inflation.
Specifically, the model generates co-movement between displacement shocks and inflation because
displacement shocks are positively correlated to the aggregate output and associated with significant
wealth reallocation due to imperfect risk sharing. In addition, our model generates a realistic degree
of correlation between inequality and inflation. Given that the displacement shock drives most of the
dynamics in our model, the magnitude of the displacement shock is directly linked to the observed
correlation between inequality and real variables. It is reassuring that our model replicates the
above correlation with realistic magnitudes of technology shocks. Further, due to a high degree of
technology spillover, our model reproduces high correlations between regional output, consumption,
and stock markets. As a result, the model can deliver reasonable volatility of relative inflation
despite high output volatility.

Table 9 shows the value of the estimated parameters of the model. The discount rate g = 0.983
and has a standard error of 0.156. Our estimated parameters imply a right-skewed distribution of
displacement shocks. Specifically, the low state has a probability of p; = 0.907, while the high state
features a large-magnitude us = 0.312. That is, innovation is somewhat rare in the model, with
a low probability of a significant technological advance that displaces a large share of incumbent
firms. The parameter 7, which affects the division of surplus between shareholders and innovators,
is estimated at 0.739 with a standard error of 0.318. This implies that approximately 30% of the
value generated from new investment opportunities in the economy accrues to the owners of firms’
public securities. Moreover, this technology improvement is largely shared across the regions, as
indicated by the high level of technology spillover p,, = 0.571, which is required to match the highly

correlated regional consumption, output, and stock markets.

3.5 Model mechanism

Here, we examine the model’s implications with two goals in mind. First, we focus on how the
central quantities respond to the displacement shock. Second, we examine the forces that allow the

model to account for the corresponding empirical patterns.

Quantities

Figure 4 presents the response of the key model quantities to the three shocks in the model: the
displacement shock u (Panel A), the neutral shock to the T-sector er, and the neutral shock to

the non-tradable sector e 7. For brevity, we examine responses to shocks in the home region only;
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results for the foreign region are symmetric.

First, consider Figure 4. The first three columns show the response of relative inflation and
aggregate output to the three shocks. A positive u shock in the home region raises local inflation
and output. Since displacement shocks are assumed to be correlated, output in both the home and
foreign regions increases. In contrast, neutral shocks lead to higher output and either neutral or
deflationary pressure on the local price level.

The next two columns of Figure 4 plot the responses of the consumption expenditure and wealth
ratios between the two regions. Specifically, the wealth share of the foreign region declines following
a positive u-shock. A positive u-shock is not fully shared between innovators and the rest of the
households, and thus raises the relative price level in the home region. Local households hedge
against this risk, and, effectively, receive a wealth transfer from the foreign households in response
to a positive u-shock. In the competitive equilibrium, this transfer results from the differences in
portfolio policies between investors in the two regions.

A positive neutral shock to the tradable sector raises the domestic supply of tradable goods.
This shock is shared, so there is no immediate effect on the consumption ratio. However, as the local
tradable sector grows, more new tradable firms will be allocated to home households in the future as
a result of displacement shocks. That is, the effective size of future displacement increases following
a positive neutral shock to the tradable sector. Therefore, a positive ep-shock leads to a small and
persistent increase in the domestic wealth share. In contrast, a positive neutral non-tradable shock
leads to an increase in the wealth share of the foreign region as a result of equilibrium risk sharing.
This shock raises the relative price level in the foreign region, prompting foreign households to
hedge against this risk. Consequently, when such a shock materializes, foreign-region households

effectively receive a wealth transfer from the domestic households.

SDF and Financial Assets

Next, we examine the impact of three shocks on SDF and financial assets. Figure 5 plots impulse
responses for log-SDF, consumption, the wealth share of owners of incumbent firms, and stock
market returns for both regions.

The first column shows that the neutral shock and the displacement shock have the opposite effect
on the growth of log-SDF: a positive displacement (neutral) shock leads to an increase (decrease)
of the log-SDF growth. The second and third columns of Figure 5 illustrate why this is the case.
Specifically, an increase in u leads to a decline in the wealth share of the owners of incumbent firms
in the home region b and therefore raises the log-SDF. As long as the growth effects do not dominate
the displacement effect, a positive u shock leads to an increase in the log-SDF and, therefore, an
increase in the relative price level.

Consistent with the analyses above, the differences in how the SDF responds to three shocks

stem primarily from how the benefits of technological progress are shared among households. Both
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shocks u and € lead to an increase in the aggregate output and consumption, which causes SDF to
fall. However, the fall in consumption due to the unequal sharing of innovation shocks is sufficiently
large to offset the benefits of higher aggregate consumption. As a result, the displacement shock u
has a negative risk premium, while the neutral shock carries a positive risk premium.

The last two columns in Figure 5 plot the response of stock returns for the two sectors and
highlight an essential feature of our model: the difference between aggregate dividends growth
and the growth of dividends accruing to the investment in the stock market. The reason for this
difference is that aggregate dividends do not constitute the gains from holding the stock market:
investing in the stock market at time ¢ only generates 1 — (1 — e™")n share of dividends at time ¢ + 1.
A positive displacement shock u increases the aggregate dividends by introducing new projects but
also dilutes the shares of existing firms. As a result, a positive displacement shock lowers stock
returns in both sectors, despite increasing aggregate dividends.

In contrast, a positive neutral shock e leads to a positive return for both regions’ tradable sectors.
The reason is that the neutral shocks raise aggregate dividends at home and the price-dividend ratio
of the tradable sector in the foreign region. The positive neutral shock also generates a positive
return in the non-tradable sector since the price of the non-tradable good increases relative to the

price of the tradable good.

4 Testable Predictions

Our model has several empirical implications, which we discuss here.

4.1 Inflation and income inequality

Our model predicts the link between local income inequality and the price level. To see this, recall
that the value of new projects n.S(1— e~ ") accrues to a measure ¢ of the population. For tractability,
we assume the gains from innovation are proportional to household wealth. A successful innovator

with wealth w; experiences a positive capital income shock equal to

oS (l—e ) w;

I .
¢ W

(44)
The smaller the value of ¢, the more concentrated (and therefore larger) the benefits of the creation
of new projects to innovators.

To calculate the level of top income inequality in the model, we next compute the share of total
income that accrues to the top 1% of households in each region. This income is a combination
of capital gains from creating new projects and dividends from incumbent firms. Households at
the top of the income distribution in each period ¢t belong to one of the two groups. The first

includes households that received a share of newly created firms (the entrepreneurs) and moved up
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sufficiently in the income distribution. The total capital gains from the creation of new projects in

the home region, as a fraction of total income in the region at time ¢, is given by

; Sp(1—e™ ™)
Icapztal _ _ 1ot - 45
BL T EW+ DWW+ nSi (L= )’ ()

where S; = St + Sy, is the total market capitalization of the local firms, W} and Wt/ * are the

total wealth of the two regions excluding new projects,
W/ =W, =S (1—-e™), (46)

and W/ = W/ + Wt/ * is the total wealth across both regions, excluding the market value of new
projects. Then, the share of the total dividend D} that accrues to the local households equals

Examining (45), we see that the realization of the u-shock at time ¢ determines the amount of
wealth transferred from existing firms’ shareholders to the new projects’ entrepreneurs and creators.
The value of these new projects constitutes a capital gain for successful entrepreneurs, distributed
randomly to a small fraction of the population. Hence, as a result, some of these entrepreneurs or
inventors move up to the top 1% of the income distribution.

The second group of households at the top of the income distribution are those sufficiently rich
before the current period—households who have received shares in new projects and consequently
earn large dividend income. These households derive capital income that is proportional to their

wealth share—that is, they each receive a fraction of
EWi + DyW /W (47)

Households in the region share the dividend and annuity income in (47) in direct proportion to their
wealth. The more considerable wealth inequality is in a given region, the more likely it is that these
dividend and annuity payments account for a significant portion of the top income share.

In sum, our model implies a positive correlation between the level of income inequality growth
and the local price level. In the model, top income shares are a function of the current displacement
shock and wealth inequality. Wealth inequality, in turn, is a function of past displacement shocks.
This link between innovation and top income inequality is consistent with the evidence in Aghion
et al. (2018). In Appendix Table A.16, we verify that the same result obtains using our innovation
measures.

Our model also implies a correlation between the growth in income inequality and inflation. We

next examine the relation between changes in local income inequality—the share of income that
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accrues to the top x% of households—and changes in the local price level using the specification
Tigass = B (I Iy — I IF, ) + X0 + 24 (48)

The dependent variable equals the growth in the top income share between year ¢t and ¢t + 5. We
examine different income percentiles, from the top 10 to the top 0.01 percent. The independent
variable is the five-year moving average of the inequality series. We take the moving average of the
inequality series to mitigate the effect of mean-reversion in the time series of inequality growth.
As before, we control for state and year fixed effects and a single lag of the level of independent
variable In Ifj ;- Last, we also examine the correlation of inequality separately with tradable and
non-tradable inflation.

Figure 3 plots the estimated ( coefficient from equation (48) across different horizons. Examining
the figure, we note an economically and statistically significant correlation between the local inflation
level and income inequality growth. A one-standard-deviation increase in the share of income that
goes to the top 1 percent at the local level is associated with approximately a 2 percentage point
increase in headline inflation over the next five years. Tables A.7 and A.8 show that the results are
largely robust to different measures for income inequality, particularly for top measures, the results
are driven by inflation in non-tradables, and results are invariant to controlling for the local level of

unemployment.

4.2 Inflation and stock returns of local firms

So far, we have identified a source of variation in the local price level that is essentially uncorrelated
with local measures of the output gap. One relevant question is whether investors can partially hedge
these shocks by holding specific financial assets. We already saw in Table 1 that the correlation
between the returns of local firms and inflation is negative. In fact, this prediction is consistent
with our model. To see this, consider the diversified portfolio of all firms in the local region—the

local market portfolio. The realized return on the market portfolio is approximately equal to

R mwry [ p+ Sy + e~ nuy +(pdren) — In(pdr, — 1)
Aln ;/rT,t+1 displacement on T
it AT, t+ t+1 t+ i
1th effect displacement on N'T
wea.
(49)

where wr is the share of total market capitalization due to firms producing the tradable good in the

home region. Equation (49) shows that a positive neutral shock leads to an increase in the value
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of the local market portfolio, whereas a positive displacement shock has two offsetting effects on
market returns. First, there is a wealth effect, as a positive uyp shock increases the value of local
non-tradable firms. Since their output is denominated in tradable goods, a positive neutral shock
raises the valuation of non-tradable sector firms. Second, there is a displacement effect since positive
ur and unyr shocks dilute existing firms’ share, leading to a decline in the stock market. Overall,
the effect of innovation shocks on the local market portfolio is ambiguous. Hence, our model does
not predict a clear relation between the local stock market portfolio and inflation.

In our model, there exists a portfolio of local firms that is heavily exposed to the local displacement
shock u and therefore helps households hedge against increases in the local price level. This portfolio
is long growth firms and short value firms in each local market. In particular, value firms do not
receive any new projects, while growth firms do. Therefore, one can use local growth and value
firms to construct a growth-minus-value (GMV) portfolio, with return approximately equal to the
difference in returns on growth opportunities and returns on assets in place in each region. In our
estimated model, return on the GMV portfolio R})" is highly correlated with the displacement
shock u;11. Thus, a positive displacement shock has an economically significant positive effect on
the return on the local growth-minus-value (GMV) portfolio, in contrast to its effect on the return
on the local market portfolio.

We next test these predictions in the data. To do so, we construct empirical equivalents of
the local market and GMV portfolios. We define the market and the GMV portfolio returns for
each state using all firms in that state and its neighboring states. The local market return is the
value-weighted portfolio of all local firms. In the model, the appropriate GMV portfolio is long
growth opportunities and short assets in place, with the weights chosen to isolate the exposure
to displacement shocks. In the data, firms are a mix of growth opportunities and assets in place.
Empirically, we define the return on the GMV portfolio as the difference between value-weighted
returns on the top and bottom halves of local firms in each sector sorted on the market-to-book
ratio, adjusting for the stock of intangible capital as in Eisfeldt and Papanikolaou (2013), Eisfeldt,
Kim, and Papanikolaou (2022). We exclude utility industry (SIC 4900-4949) and follow the sector
classifications in Mian and Sufi (2014). Our model predicts that returns on the GMV portfolio, in
combination with returns on the local market portfolio, should provide investors with an exposure
to local inflation shocks. See Appendix A for further details.

First, we test the model’s prediction that returns on the local GMV portfolio are linked to the

local innovation intensity. Specifically, we estimate the following specification:

R}, s = B In(innovyy ypys) +7 X+ €in (50)

for pe {GMV, MKT}. The dependent variable is the return on the local GMV or MKT portfolio,
while the main independent variable is a local innovation measure. The vector of controls X

includes state and year fixed effects and lagged portfolio returns over the last five years. Table 10
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shows that the local GMV returns are positively correlated with the local innovation intensity, even
though the magnitude and precision of the estimates vary somewhat across innovation measures
and specifications. The local market portfolio has no significant relation to local innovation. Lastly,
in Table A.9, we report the 2SLS results using R&D tax credit policies. We see that innovation
leads to an increase in local GMV portfolio returns.

We next examine the relation between local inflation and returns of the GMV portfolio. That is,

we estimate
Tit—t4+5 = P Rf,t_n% + Xt + it (51)

for p e {GMV,MKT}. As before, we include in the vector of controls state and year fixed effects,
lagged price level, unemployment, and lagged five-year portfolio returns.

We present the results in Table 11. Overall, there is a positive correlation between the local
growth-minus-value (GMV) portfolio and inflation. This implies that investors can hedge price
increases of local non-tradable goods by tilting their portfolios toward local growth firms. In contrast,
the correlation between returns to the local market portfolio and local inflation is much weaker
and point estimates are negative. This aligns qualitatively with the predictions of our model: local

growth factor is a better mimicking portfolio for local inflation shocks than the local stock market.

4.3 Portfolio risk exposure and home bias

Next, we study our model’s implication for the portfolio choice of households. Coval and Moskowitz
(1999) document a strong local preference of investors for locally headquartered firms, particularly
firms that produce non-tradable goods. Here, we show that this prediction is in line with our model.

To see this, we calculate the portfolio return for owners of incumbent firms:

o _ _ _
=AY In(——)—1 1 — 2

Ry n Y7 + In( g th) n( T wt) +Inbi1 + pdyyy — pd, (52)

»E Y, W41 wt * — —

Rt,t+l = A ].n YT + ln(m) — ln( T wt) + ].n bt+1 +pdt+1 — pdt (53)

Where wy; is the wealth ratio between the foreign and home region. pd is the valuation multiple of
total wealth relative to total dividends. Given the symmetric setup, the risk exposure of return
differential should be informative about their respective holdings. The return differential can be

expressed as
nH pF _ *
Riyi1 — Riyg =Inbepr —Inbyy — Alnwgyg. (54)

To test whether households’ portfolios exhibit home bias, we calculate their risk exposures in
our model at the symmetric steady state. Specifically, we simulate the model starting from the

symmetric steady state for one period, and repeat 10,000 times. Then we estimate the following
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equation:

pH DF _ H,p F.p
Ry — Ry = Z BE(R 4y — Ryjiy) +€ig (55)
pe{MKT,GMV}

where the dependent variable is the return differential of their portfolio and independent variables
include return differentials of local MKT and GMV for home and foreign regions.

Panel A of Table 13 reports the results. Households’ portfolios exhibit a home bias — their
portfolios have positive loadings on the local market portfolio. In addition, they tend to tilt their
portfolios toward local growth stocks (relative to local value stocks), resulting in a positive net
exposure to the local GMV factor.

To understand portfolio choice of households in the model, we summarize average differences in

risk exposures of households in the two regions using the following regression:

I A E
Ry — Ry = ) BE(@H 41 — TEL141) + Eips1, (56)
ce{H,F}xe{uer,enT}

where Tp ¢ 141, TF¢1+1 are the primitive shocks in the home and foreign regions, respectively. Panel
B of Table 13 shows that households seek a positive exposure to the local displacement shock and
the local neutral tradable shock, and a negative exposure to the local neutral non-tradable shock.
As we discuss in Section 3.5 above, households aim to hedge neutral tradable shocks because these
increase the effective size of future displacement shocks. The negative exposure to the local neutral
non-tradable shock is natural because a positive non-tradable neutral shock represents a favorable
state of the economy.

In the model, stock returns span all systematic risk exposures, and therefore households can use
their stock portfolios to construct their optimal risk exposures. To see how households adjust their
portfolios toward their desired risk exposure, we estimate (56) using GMV portfolio return, tradable
and non-tradable as dependent variables. Panel C of Table 13 shows that GMV provides a hedge
against displacement shocks. In addition, stock returns in both sectors are positively affected by
the neutral tradable shocks, but only the non-tradable good sector can provide a negative exposure
to the neutral non-tradable shock.

We should note that implications of our model for households’ portfolio choice are heavily affected
by the available menu of investment opportunities. Households in the model hedge local inflation
shocks by tilting their portfolios toward firms in the sector producing non-tradable consumption. In
practice, investors have access to other assets that could help them implement their desired risk
exposures — local real estate, for instance, may provide a useful hedge against local inflation risk.
Thus, our results for differences in risk exposures of households across regions provide a more robust

expression of our model’s core implications than the results for portfolio choice.
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5 Additional Evidence and Robustness Checks

Here we provide some additional evidence consistent with our model as well as check the robustness

of our main findings.

Inflation and IPOs of local firms

New and young companies are an important source of job creation and economic growth. However,
the wealth generated by these new firms is often illiquid, and becomes liquid only once these firms
become public. As a result, the IPO event can be interpreted as a realized wealth shock to the
owners of these firms.

Here, we use data from the SDC Platinum and examine whether using IPO as an alternative
proxy of the displacement shock u produces comparable patterns to those we have observed earlier.
First, we investigate the relationship between IPO intensity and the growth of income inequality.
Second, we explore whether an increase in IPO activity leads to a rise in local price levels. To this

end, we estimate a variant of our main specification 2:
In I£t+s —In Ifjt = B(InIPOy 1445) + ¥ Xit + €it (57)

where the dependent variable is the growth in top income share between year ¢t and ¢ + s. We focus
on 5-year horizons. The vector of controls X includes the lagged level of income inequality, together
with state and year fixed effects. In(IPOy;,;4) is the local IPO intensity at the vicinity of state i,
calculated as the ratio of the total market value of IPOs to the total market value in the vicinity
of a given state. When the independent variable is equal to 0, we use a similar procedure with
patent-based measure: i.e., replacing it with the minimum value in the sample and adding a dummy
equal to one if IPO is equal to 0, thereby preventing the removal of the observation from the data.

Our key coefficient of interest is 5, which measures the relation of an increase in IPO in (the
neighborhood) of state {i} on growth in measured income inequality. Panel B of Table 12 reports
our estimates. The IPO based measures are positively and statistically significantly correlated
with growth in top income share. Further, both the magnitude and statistical significance increase
toward the right tail of the income distribution. Focusing on the very top of the distribution, a
one-standard deviation increase in our IPO measure is associated with a 0.03 log point increase in
income share.

We next examine its relation to the local price level. We estimate a specification directly

analogous to the one in equation (2):
Titt+s = B(INIPOgy 4 145) + 7 Xit + €in (58)

The control variables include the past log price level and state, year fixed effects. Panel A of Table
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12 reports our estimates. The IPO based measures are positively and statistically significantly
correlated with inflation. In terms of magnitude, one standard deviation increase in IPO intensity is
associated with 0.01 log point increase in the local price level. In addition, the increase in the local
price level is mostly driven by the non-tradable component of inflation.

In addition to the above analysis, we construct an alternative measure of the local-level IPO
intensity, calculated as the total number of IPOs normalized by the total population at the vicinity of
a given state. Using this alternative measure, we re-examine the specifications in (57) and (58). The
estimates are reported in Table A.6. This alternative measure of IPO intensity shows a significant

and positive correlation with both inflation and income inequality, albeit with different magnitudes.

Migration

Improved employment prospects and a lower cost of living often drive the decision to relocate. As a
result, one might worry that migration may respond to regional innovation shocks, affecting the
relation between innovation and inflation. The qualitative effect of migration would depend on the
primary reasons: migration due to costs of living would weaken the impact of innovation on local
inflation. In contrast, migration due to employment opportunities may strengthen it. Here, we
show that changes in population growth do not drive our findings. Specifically, we re-estimate (2)
while controlling for population growth. The results, as presented in Table A.15, are similar to the

baseline case.

Imperfect sharing of neutral shocks

In the model, neutral shocks can be fully hedged due to full spanning of aggregate shocks by financial
assets and absence of trading constraints and frictions. However, in reality, various frictions may lead
to imperfect sharing of neutral shocks. Imperfectly shared neutral shocks may affect local inflation.
We next examine the extent to which this channel affects our results. Specifically, we re-estimate
(5) while controlling for labor productivity growth. The results, as reported in Table A.10 and
Table A.11, show that the estimates remain similar to our baseline case. These results provide

evidence that imperfectly shared neutral shocks do not drive our results.

Additional robustness checks

Further, we examine whether our results are driven by a small number of states with high intensity
of innovation. To this end, we excluded the five states with the highest innovation intensity, namely
California, Illinois, Texas, Massachusetts, and New York, and re-estimated our baseline specification
(2). Excluding the top 10 innovative states and the bottom 10 innovative states yields similar results.
The results in Table A.12 show that both the magnitude and statistical significance align with the

baseline case.
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We also examine the robustness of our results to alternative weighting methodologies. Table
A.13 reports the results of re-estimating (2) with population-weighted regression, while Table A.14
shows the results of the GDP-weighted regression. We observe that the magnitude and statistical
significance remain comparable to the baseline case. Therefore, a few highly innovative states do

not excessively influence our results.

6 Conclusion

This paper examines the role of productivity shocks in incomplete markets. First, we confirm
that innovation represents productivity shocks. Second, we document a positive and significant
correlation between innovation and inflation. We provide causal evidence on the effect of innovation
on inflation by using changes in state tax incentives for R&D. In addition, we show that an increase
in inflation is associated with a rise in top-income inequality. We argue that the above pattern
partially reflects the role of productivity shocks in incomplete markets. In addition to the standard
endowment shock in each region, regions experience displacement shocks that reallocate output
among agents. We solve the model explicitly under log preferences and estimate the model under
general constant relative risk aversion. Regional stock returns provide evidence consistent with the

model’s central mechanism.
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Tables and Figures

Table 1: Inflation and Productivity

Headline Inflation

prod growth — 1.207%%F 1.083%%  0.911%F  1.568%%%  1.511%¥* ] 546%**
(0.426)  (0.428)  (0.404) (0.428) (0.427) (0.422)

lagged price level -20.108***  -21.606***  -22.498***  _22 H58%**
(2.393) (2.513) (2.687) (2.711)

lagged prod level 4.008** 4.069** 3.742%*
(1.641) (1.644) (1.566)
Unemployment -0.823* -0.733
(0.450) (0.451)
Local MKT -0.757*
(0.444)
State FE No YES YES YES YES YES
Year FE YES YES YES YES YES YES
Observations 951 951 951 951 951 951
Adj R2 0.673 0.701 0.783 0.789 0.792 0.793

Notes: This table reports the regression coefficients (times 100) of (1):
it t+5 = P1g{iyteqs + PeXie + i +ve + i

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢ to t + 5, Tit¢45 = In Y 145 —
InY;:. The independent variable g; 45 = In X, 4+5 — In X, ¢+ is the growth of productivity of state i(column 1)
from ¢ to t+5. Column 1 controls for year fixed effects ;. Column 2 adds state fixed effects as additional control
a;. Columns 3-4 report estimates with controls including lagged price level InY; ;, lagged productivity level
In X; . Column 5 controls for unemployment rate at t. Column 6 adds market return of the vicinity of state ¢
from t to t + 5 as additional control. Independent variables are standardized to unit standard deviation using
unconditional moments. Standard errors in parentheses are robust to autocorrelation and heteroskedasticity,
calculated using the Newey-West procedure with a bandwidth of seven years. The sample period is 1978-2017.
**xp < 0.01,%*p < 0.05,*p < 0.1.
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Table 2: Innovation, Inflation and Unemployment

Dependent variable: Headline Inflation

5-Year 5-Year 5-Year 5-Year 5-Year 5-Year

KPST8005 (Assignee Location) — 3.424%***  3.608%**
0.797)  (0.787)

Cit(20%) (Assignee Location) 3.734%*%  3.936%+*
(0.667)  (0.680)
KPSS(20%) (Assignee Location) 3.693%HF 3. 743%H*
(0.752)  (0.745)
Unemployment -2.026*** -1.313%%* -1.146***
(0.475) (0.416) (0.422)
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Observations 663 663 951 951 951 951
Adj R2 0.739 0.755 0.792 0.798 0.788 0.792

Notes: This table reports the regression coefficients (times 100) of (2):
Tite+s = PrIn(innov iy g vs) + BoXi e + s + 76 + €ie

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢ to ¢t + 5, mit.e45 = InY; 145 — InY ;.
The vector of controls includes the (log) price level at time ¢, InYj ;. innov;} ..+ is the flow of innovation measure at
the wvicinity of state i. «; is state-FE, v is time-FE. Unemployment rate is at t. See A for the definition of innovation
measures. Independent variables are standardized to unit standard deviation using unconditional moments. Standard errors
in parentheses are robust to autocorrelation and heteroskedasticity, calculated using the Newey-West procedure with a
bandwidth of seven years. The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table 3: R&D Tax Credits and Innovation Outcomes

First Stage Regressions

KPSTS005 Cit(20%) KPSS(20%)
(Assignee Location) (Assignee Location) (Assignee Location)

RDTC 0.288%** 0.2847%F* 0.21 1%
(0.042) (0.045) (0.027)
State FE YES YES YES
Year FE YES YES YES
Observations 647 938 923
Adj R2 0.535 0.454 0.517

Notes: Columns 1-3 in this table report the regression coefficients of (4):
ln(innov“}ﬂf,t_%) = ﬁlRDTC{i},t + PoXit + i + v+ it

Dependent variable is equal to the flow of innovation at the vicinity of state ¢ from ¢ to ¢ 4+ 5. Inde-
pendent variable RDT'CY;y ; is the R&D tax credit in the vicinity of state 4, {i}. Control variables
include (log) price levels InY; . «; is state-FE, +; is time-FE. See A for the definition of innovation
measures. Both dependent variables and independent variables are standardized to unit standard
deviation using unconditional moments. Standard errors in parentheses are robust to autocorrela-
tion and heteroskedasticity, calculated using the Newey-West procedure with a bandwidth of seven
years. The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table 4: R&D Tax Credits, Inflation, Inequality and Productivity

Headline Inflation Productivity Growth Median Income Growth Inequality Growth

RDTC 1.174%F  1.331%*%  (0.578** 0.642** -0.521 -0.396 1.774%%%  1.863%**
(0.563)  (0.569)  (0.268) (0.265) (0.424) (0.443) (0.554) (0.561)
Unemployment YES YES YES YES
State FE YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES
Observations 951 951 951 951 837 837 951 951
Adj R2 0.785 0.789 0.653 0.658 0.683 0.690 0.824 0.826

Notes: Columns of this table report the regression coefficients (times 100) of (5):
Git,t+5 = B1RDTCry ¢ + B2 Xyt + i + vt + €

Dependent variable is equal to the growth in the (log) price level, productivity, median income, Top 1% income share in state ¢ from
ttot+5: gitys =InYisi5 —InY;, for Y € {price, productivity, median income, Top 1% income share}, and are multiplied by
100. Productivity is measured by real GDP per worker. The vector of controls includes the (log) level at time ¢, InY; ;. Independent
variable RDTC{;3; is the R&D tax credit rate at the vicinity of state i. «; is state-FE, v; is time-FE. Columns 2,4,6,8 repeat
columns 1,3,5,7 with unemployment rate at time ¢ as an additional control variable. See A for the definition of innovation measures.
Independent variables are standardized to unit standard deviation using unconditional moments. Standard errors in parentheses are
robust to autocorrelation and heteroskedasticity, calculated using the Newey-West procedure with a bandwidth of seven years. The
sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table 5: R&D Tax Credits and Inflation, Tradables vs Non-Tradables

T NT w.o. H H
RDTC 0.607* 0.636** 1.457* 1.667** 0.566* 0.622** 2.136* 2.651**
(0.325) (0.324) (0.791) (0.808) (0.305) (0.300) (1.256) (1.326)
Unemployment YES YES YES YES
State FE YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES
Observations 951 951 951 951 951 951 951 951
Adj R2 0.797 0.798 0.751 0.756 0.868 0.873 0.707 0.728

Notes: Columns of this table report the regression coefficients (times 100) of (5):
Tite+5 = P1RDTCriy 4 B2 Xir 4 o + v + €4

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢ to ¢ + 5, it 445 = InY; 145 —
InY; ¢, for different components Y in Tradables(T), non-tradables (NT), headline without housing (w.o. H) and
housing (H). The vector of controls includes the (log) price level at time ¢, InY; ;. RDTC{;y ¢ is the R&D tax credit
rate at the vicinity of state i. a; is state-FE, v, is time-FE. Columns 2,4,6,8 add unemployment rate at time ¢ as an
additional control variable. Independent variables are standardized to unit standard deviation using unconditional
moments. Standard errors in parentheses are robust to autocorrelation and heteroskedasticity, calculated using
the Newey-West procedure with a bandwidth of seven years. The sample period is 1978-2017. ***p < 0.01,**p <
0.05,*p < 0.1.



Table 6: Innovation and Inflation in Eurozone

Dependent variable: Headline Inflation

3-Year 3-Year 5-Year 5-Year

Cit(20%) (Assignee Location) 4.912%** 7.729%%*
(1.405) (2.343)
Cit(20%) (Inventor Location) 3.897HH* 7.618%**
(1.171) (2.483)
Country FE YES YES YES YES
Year FE YES YES YES YES
Obs 332 332 292 292
Adj R? 0.767 0.752 0.840 0.831

Notes: This table reports the regression coefficients (times 100) of (2) in the euro-zone
sample:

it t+5 = BrIn(innovygy 4 45) + BeXi + i + 7t + €it

Dependent variable is equal to the growth in the (log) CPI level in country ¢ from ¢ to ¢ + 5,
Titt+5 = InY; 145 —InY; .. As before, the vector of controls includes the (log) CPI level at
time ¢, InY;¢. innovy;y 4.y, is the flow of innovation measure in country i. «; is country-
FE, ~; is time-FE. See A for the definition of innovation measures. Independent variables
are standardized to unit standard deviation using unconditional moments. Standard errors
in parentheses are robust to autocorrelation and heteroskedasticity, calculated using the
Newey-West procedure with a bandwidth of seven years. The sample period is 1999-2017.
*kp < 0.01,**p < 0.05,*p < 0.1.
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Table 7: R&D Tax Credits and Median Wages

Wage (median) Wage (median)

RDTC -0.526 0.066
(0.384) (0.333)
Unemployment No Yes
Observations 352 352
R-squared 0.749 0.794

Notes: Columns of this table report the regression coefficients
(times 100) of (5):

AW, g t4s = BIRDTCy ¢ + BaXis + i + 7 +€ie

Dependent variable is equal to the growth in the (log) median
wages in state ¢ from ¢t to t + s, AW, 1 1q4s =In Wi 1o — In Wi 4.
The wage data is from BLS-OEWS database. The vector of
controls includes the (log) median wage level at time ¢, In W, ;.
RDTCy;y ¢ is the R&D tax credit rate at the vicinity of state i.
«; is state-FE, v; is time-FE. Independent variables are standard-
ized to unit standard deviation using unconditional moments.
Standard errors in parentheses are robust to autocorrelation and
heteroskedasticity, calculated using the Newey-West procedure
with a bandwidth of seven years. The sample period is 2001-
2017. ***p < 0.01,**p < 0.05,*p < 0.1.



Inflation and Productivity
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Figure 1: Inflation and Productivity Growth. This figure plots the average inflation against the average

productivity growth.
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(a) Inflation and Productivity (b) Controlling for Unemployment at ¢
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Figure 2: Inflation and Productivity Growth, the horizon is from 1 to 5 years. Left panel reports the
coefficients 3; (times 100) in the contemporaneous regression of inflation on productivity, for s = 1 to 5.

Tt tts = B1Git 045 + Y Xip + €i

Dependent variable is the inflation of state ¢ from ¢t to t + s, T 1445 =InY; 1 —InY;,. Y is the headline
price level. Right panel reports the coefficients on the contemporaneous productivity growth, controlling
for the unemployment rate at ¢t. All specifications control for state and year fixed effects, the log price level
InY;;, and the log level of independent variables In X; ; for X = productivity.
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Inflation and Inequality

3,
o9
FEE ;
=z L]
= 0 e BN
_17 | | | | |
1 2 3 4 5

horizon (years)

Figure 3: This figure plots the coefficient of 8 (times 100) for the following estimation

Titprs =BT pyps —InT ) + X + €5t

Dependent variable is the inflation from ¢ to t + s, 7+ t+s =InY; 415 —InY; ;. Y is the headline price level.
Independent variable is the growth in the 5-year moving average of the share of top 1% income earners.
Controls include the log level of price InYj+, the log level of independent variable In I; +, and state and year
fixed effects.
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Model Impulse Responses
A. Response to Displacement Shock (u)
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Figure 4: This figure plots the impulse responses of variables to a shock to the home country (u in Panel A | er in Panel B and ey7 in Panel C), for
both the home country (the solid line) and the foreign country (the dashed line). All parameters are calibrated to the values reported in Table 9. We
construct the impulse responses by introducing an additional one-standard deviation shock at time t=1 without altering the realization of future shocks.
The impulse responses are computed at the symmetric steady state.
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Model Impulse Responses (cont)
A. Response to Displacement Shock (u)
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Figure 5: This figure plots the impulse response of variables to a shock to the home country (u in Panel A | er in Panel B and ey in Panel C), for both
the home country (the solid line) and the foreign country (the dashed line). All parameters are calibrated to the values reported in Table 9. We construct
the impulse responses by introducing an additional one-standard deviation shock at time t=1 without altering the realization of future shocks. The
impulse responses are computed at the symmetric steady state.



Table 8: Moments used in Model Calibration

Data Model
Regional Quantities and Prices
Output growth, mean 0.017 0.017
Output growth, volatility 0.035 0.039
Consumption growth, mean 0.017 0.017
Consumption growth, volatility 0.016 0.016
Relative Inflation, volatility 0.021  0.024
Risk-free rate, mean 0.017 0.016
Regional Correlations, 5 years
Inflation and
—output growth 0.430 0.486
—innovation 0.387 0.412
—inequality growth 0.215 0.151
—consumption growth 0.387 0.259
Innovation and
—output growth 0.249  0.389
—inequality growth 0.261 0.239
Pairwise Correlations, 5 years
Consumption growth (H and F) 0.746  0.778
Output growth (H and F) 0.408 0.677
Stock returns-MKT (H and F) 0.787  0.798

Notes: This table reports both empirical moments computed using the regional data and
simulated moments from the model. All the parameters are calibrated as in Table 9.
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Table 9: Parameter Estimates

Description Symbol Value SE/Source
Preferences:
Subjective discount rate 154 0.968 0.118
Endowments:
Displacement shock productivity 1) 0.121 0.218
Mean of output growth I 0.013 0.005
Measure of project-receivers ¢ 0.007 0.027
Displacement shock high state U 0.312 0.089
Probability of displacement shock

— low state D 0.907 0.092
Volatility of neutral T-shock Oep 0.047 0.005
Volatility of neutral NT-shock Oent 0.010 0.003
Technology spillover DPu 0.571 0.085
Fraction of project that goes to inventors n 0.739 0.398
Consumption weight on tradables e 0.340 External
Risk aversion 5 5.000 External
Death rate & 0.025 External
Displacement shock low state Uy 0.000 External
Co-integration T 0.001 External
Firm’s transition probability
— low state q 0.232 External
— high state P 0.277 External

Notes: This table reports the estimated parameters of the model. See the main text and the Appendix B for details on the
estimation of the model.
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Table 10: Partial Correlations between Innovation and Stock Returns

Dependent Variable: Stock Return

Local Market

Local Market

Growth-Value

Growth-Value

MKT MKT GMV GMV

KPST8005 (Assignee Location) 1.088 0.927 8.313* 8.351%*
(4.360) (4.373) (4.936) (4.986)
Cit(20%) (Assignee Location) -2.036 -2.197 11.153** 11.167*
(4.579) (4.655) (5.679) (5.699)
KPSS(20%) (Assignee Location) 0.900 1.274 12.782%* 12.779**
(3.921) (3.857) (6.484) (6.464)

Control for Unemployment at t NO YES NO YES

State FE YES YES YES YES

Year FE YES YES YES YES

Notes: This table reports the coefficients (times 100) of a regression of stock returns on different innovation measures.

Riiy s = BrIn(innovsy ¢ qs) + BeXie + o + 7t + &i

where dependent variables Rf;; ; ;5,7 € {GMV, MKT} are the portfolio returns of local market and growth-minus-
value of state ¢ between time t,¢ + 5. innovy; ;45 is the flow of innovation measure at the wvicinity of state i. All
regression controls include lagged 5-year cumulative portfolio return R; ;—5¢. In columns 2 and 4 we control for unem-
ployment rate at ¢t. «; is state-FE, +; is time-FE. See A for the definition of innovation measures. Independent variables
are standardized to unit standard deviation using unconditional moments. Standard errors in parentheses are robust to
autocorrelation and heteroskedasticity, calculated using the Newey-West procedure with a bandwidth of seven years.
The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1***,
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Table 11: Inflation and Local Stock Market

Dependent Variable: Headline Inflation

5-Year 5-Year 5-Year 5-Year 5-Year

GMV 0.718** 0.702**  0.740** 0.730%*
(0.335) (0.335)  (0.337)  (0.335)

MKT -0.923*  -0.850* -0.765
(0.529)  (0.474) (0.481)
Unemployment -0.836**  -0.807**
(0.373)  (0.379)

State FE YES YES YES YES YES

Year FE YES YES YES YES YES

Obs 951 951 951 951 951
Adj R2 0.768 0.765 0.770 0.770 0.773

Notes: This table reports the regression coefficients (times 100) of (51):
Titt+5 = PLRY ¢ 415 + 82Xt + o + 7 + €it

Dependent variable is equal to the growth in the (log) price level in state i from
ttot+5, Tiriys =InYiys —InYiy. RY, 5,2 € {GMV,MKT} are the growth-
minus-value and local market portfolio returns of state ¢ from time ¢ to t + 5. Control
variables include past cumulative portfolio returns Rf;_ 5 ; and price levels InYj ;.
innovy;y ¢,i4s is the flow of innovation measure at the vicinity of state 7. «; is state-
FE, ~; is time-FE. Unemployment rate is at t. See A for the definition of innovation
measures. Independent variables are standardized to unit standard deviation using
unconditional moments. Standard errors in parentheses are robust to autocorrelation
and heteroskedasticity, calculated using the Newey-West procedure with a bandwidth
of seven years. The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table 12: TPO, Inequality and Inflation

Panel A. Market Value of IPO and Inflation

Headline T Inflation NT Inflation

IPO (mv)  1.121%FF  1.138%%%  .0.047  -0.039  1.785%%* 1.823%%*
(0.354)  (0.356)  (0.224)  (0.222)  (0.524)  (0.526)

Unemployment NO YES NO YES NO YES
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES

Obs 951 951 951 951 951 951
Adj R2 0.768 0.771 0.798 0.799 0.753 0.757

Panel B. Market Value of TPO and Inequality

Top 1% Top 0.1% Top 0.01%

IPO (mv)  1.363%%*% 1.385%%* 1.731%% 1.779%*%  2550%%  2.655%
(0.462)  (0.460)  (0.799) (0.792)  (1.105)  (1.091)

Unemployment NO YES NO YES NO YES
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES

Obs 951 951 951 951 951 951
Adj R2 0.808 0.809 0.803 0.804 0.785 0.787

Notes: Panel A of the table reports the regression coefficients (times 100) of (57) and (58):
it t+5 = B1In(IPOgiy 4 045) + BoXit + i + v + it

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢ to ¢ +5, 7 ¢t,445 =
InY; s —InY;,, where Y is the price level. Control variables include (log) price level In(Y; ).
IPOyiy,¢,e45 is the total market value of IPOs normalized by the total market of the vicinity of
state ¢ from ¢ to t + 5. «; is state-FE, ; is time-FE. Unemployment is at ¢. Panel B re-estimates
the above specification with the dependent variable being the inequality growth between ¢ and
t 4+ 5. In all specifications, the independent variables are standardized to unit standard deviation
using unconditional moments. Standard errors in parentheses are robust to autocorrelation and
heteroskedasticity, calculated using the Newey-West procedure with a bandwidth of seven years.
The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table 13: Portfolio Risk Exposures — Home Relative to Foreign

Panel A. Portfolio home-bias

Local MKT GMV

R, —Rf 0.422 0.802

Panel B. Portfolio exposure to primitive risks

Displacement Neutral, T Neutral, NT

R — R 0.335 0.178 -0.827

Panel C. Stock exposure on primitive risks

Displacement Neutral, T Neutral, NT

R — mE 0.573 0.000 0.000
RGT - RO -0.569 0.823 0.000
RN — R -0.165 0.253 -0.472

Notes: Data is from 10000 sample simulations starting from the symmetric steady
state with one period. Panel A of the table reports the regression coefficients of:

~H =F _ p( pH,p F,p
Riyr1 — Rippr = E Be (Rt,t+1 - Rt,t+1) + Eit+1
pe{MKT,GMV}

Panel B of the table reports the regression coefficients of:

~H »F
Riyi1 — Riypyr = E BE(xH, 141 — Tr 1) + €641
ze{u,ep,enT}

Panel C of the table reports the regression coefficients of:

H,p H,p __ P
Ry — Rihy = ) BE(THt41 — TFe+1) + Eie41
ze{u,er,enT}

for p e {GMV, T, NT}. Dependent variable in Panel A and B is equal to the return
differential between home and foreign households excluding the new projects. Depen-
dent variables in Panel C are the stock return differential between home and foreign.
Independent variables in Panel A are portfolio return differentials on MKT and GMV
at home and foreign region, respectively. Independent variables in Panel B and C are
the differences in the primitive shocks in the model.
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Appendix

Section A describes the data sources and the construction for the inflation series. In Section B,
we describe the construction of estimation targets and our methodology for estimation. Detailed

derivations are provided in Section C.

A Data Appendix

Section A.1 includes variable definitions. Section A.2 discusses the measurement of effective changes

in state-level R&D tax credit policies.

A.1 Definition of Variables

We describe the definitions of variables.

State-level inflation

Hazell et al. (2022) constructed state-level price indexes for the U.S. using data collected by the
BLS for the purpose of computing the CPI. However, the dataset does not include rent prices, which
are used to construct the shelter component of the CPI and account for approximately one-third of
the expenditure weight. Therefore, we compute state-level headline inflation as a weighted average
of housing price appreciation and the non-housing inflation measures. The housing price data comes
from the Federal Housing Finance Agency (FHFA), which produces nominal state-level price indices
for all states.

In constructing price indices, we closely follow the steps outlined in Hazell et al. (2022), which
provides a simplified version of the procedure used by the BLS to calculate the CPI. Specifically, the

first step is to compute price ratios for all-items excluding housing and for housing itself, as follows:

by
Tit =

, i € HHNS, H, (A1)
P

where HHNS refers to the inflation data for all-items excluding housing from Hazell et al.
(2022), and H refers to housing price appreciation. In the second step, we aggregate the price ratios

using a weighted geometric average:
R=[]ri/ =" (A.2)

As in Hazell et al. (2022), we use fixed CPI expenditure weights for housing, specifically assigning a
weight of 32.7% to housing.
Hazell et al. (2022) also provides two components of inflation: tradables and non-tradables.

Non-tradables, as defined in their work, primarily consist of services, with tradables being the
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complement of non-tradables. We construct the non-tradable category by aggregating their non-
tradable inflation with housing price data using equation (A.2). In total, we consider the following

categories:

e Headline: a combination of all-items inflation from Hazell et al. (2022) and housing price data.

Tradables: tradables inflation from Hazell et al. (2022).

Non-tradables: a combination of non-tradable inflation from Hazell et al. (2022) and housing

price data.

e W.O. housing (all items): all-items inflation from Hazell et al. (2022).

Housing: housing price appreciation.

Measures of innovation

e Cites 20%: Important patents per capita in the vicinity of state i (top 20% forward citations

within the issuing year).

e KPST8005: Total number of breakthrough patents divided by total population of the wvicinity
of state i. Breakthrough patents are from Kelly et al. (2021) using top 20% cutoff and a 5-year

window.

e KPSS (20%): Total number of breakthrough patents divided by total population of the vicinity
of state 7. Breakthrough patents are from Kogan et al. (2017) using top 20% cutoff and a

5-year window.

Measures of stock market return

e GMYV: value-weighted growth-minus-value using median book-to-market cutoff of each sector.
The set of stocks are firms with headquarters located in the vicinity of state i. The book value

is adjusted according to Eisfeldt and Papanikolaou (2013).

— Tradable: Division A - Agriculture, Forestry, And Fishing, Division B - Mining, Division

D - Manufacturing

Non-tradable: Division G - Retail and Restaurants

Construction: Division C - Construction

Others: other divisions

e Local MKT: value-weighted market return. The set of stocks are firms with headquarters

located in the vicinity of state i.
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Measures of median wages from PSID

The PSID, which began in 1968, collected data from a sample of approximately 5,000 households.
The PSID includes a variety of socioeconomic characteristics of the household, including education,
food spending, and the income of household members. Notably, questions about labor income are
retrospective; for example, those asked in 1993 refer to the 1992 calendar year.

Our analysis focuses on individuals aged 20 to 59 during the period from 1978 to 2017, with
complete geographical information. After imposing these filters, we have 393,228 observations in
the sample. To obtain real wages, we deflate nominal wage values using the annual aggregate CPI
series. The state-level median real wage is then calculated for each year.

It is important to note that different states are represented unequally in our sample. In the
initial year, 1978, states such as Connecticut, Kansas, Oklahoma, and Utah had fewer than 50
observations. Over time, the number of observations increased steadily. By the end of the sample
period in 2017, only Connecticut still had fewer than 50 observations, while 27 out of 32 states had

more than 100 observations.

Measures of median wages from BLS-OEWS

The data is sourced from the Bureau of Labor Statistics, Occupational Employment and Wage
Statistics tables. For our analysis, we use the median wage across all occupations. The sample
period spans from 2001 to 2017, as data on the median wage across all occupations is not available

prior to 2001.

Measures of median income from Census

Annual median income at the state level is obtained from the Census Bureau and it is adjusted by
annual aggregate CPI. The data is obtained from Fred. For instance, for Alabama state: source.

Other variables

We obtain the income inequality measure from Frank (2009), updated to cover our sample period
(source). Local economic indicators such as GDP, population, consumption are sourced from BEA
regional economic accounts. GDP implicit deflator (BEA account code: A191RD) is used to calculate
real variables. IPO data is obtained from the SDC Platinum new issuance database, and stock

market data comes from the CRSP database.

e Top x%: Share of income owned by the top x% (x being equal to 1,10,0.01,0.1) of the income

distribution of state ¢. We take 5-year average of this series.
e unemployment: unemployment rate of state 3.

e Employment: employment of state 1.
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e GDP: real GDP of state 3.

e Productivity: GDP/Employment of state ¢

Data from EPO

Here we describe the data construction procedure for the analysis performed in section 1.4.

We obtain CPI and population data for Eurozone countries from the World Bank, while patent
data is sourced from the European Patent Office. Specifically, we use the PATSTAT dataset. We
exclude patents that are either not granted or have missing publication dates. To associate a patent
with a country, we rely on information about the patent applicants (assignees) and inventors. For
patents with N co-applicants or co-inventors, we split them evenly, allocating 1/N of the patent
to each applicant’s (or inventor’s) country. To account for patent quality, we adjust based on
forward citations, with the top 20% of patents in forward citations each year classified as important
patents. Our sample covers the period 1999-2017, allowing patents a five-year window for citation
accumulation. To calculate the flow of innovation measure, we normalize the count of significant
patents by the country’s population.

It is important to note that not all current Eurozone member countries adopted the euro as
their official currency at the same time. Many joined the Eurozone at its inception in 1999, while
others entered in subsequent years in a staggered manner. For example, Germany, France, and
Italy were among the countries that adopted the euro at its inception in 1999, whereas nations like
Slovenia joined in 2007, Slovakia in 2009, and Lithuania in 2015.

For many late-joining countries, their currencies were de facto pegged to the euro even prior to
their formal membership. Figure A.4 presents the exchange rates relative to the U.S. dollar for all
twenty Eurozone countries. Upon examining the figure, it is evident that many of these countries
had aligned their currencies with the euro well before their official entry. Consequently, our sample
includes all these countries from 1999 to 2017, with the exceptions of Latvia prior to 2005, and

Lithuania and Malta in 1999. Specifically, our sample covers the following;:

e Austria, Belgium, Croatia, Cyprus, Estonia, Finland, France, Germany, Greece, Ireland, Italy,

Luxembourg, Netherlands, Portugal, Slovakia, Slovenia, Spain: 1999-2017.

e Latvia: 2005-2017. Prior to 2005, Latvia’s currency was not well aligned with the euro (see
Figure A.4).

e Malta: 2000-2017. In 1999, Malta’s currency was not sufficiently aligned with the euro (see
Figure A.4).

e Lithuania: 2000-2017. In 1999, Lithuania’s currency was not sufficiently aligned with the euro
(see Figure A.4).
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A.2 Description of state level R&D tax credit policy

We follow Bloom et al. (2013) and consider the Hall-Jorgenson user cost of R&D capital for firms in
state 7, denoted by p; :

i = et 6+ L) (A.3)

where 74 is the real interest rate, d is the depreciation rate of R&D capital, Iﬁf ~ is the growth of R&D

Ap:
Pi—1
does not vary between firms, we focus on the tax price component of the user cost. That is, we

asset price, D;; is the effective R&D credit rate, 7;; is the corporate tax rate. Since 7, 4§ +

focus on the variation in D;; across states and time. Tax credits apply to R&D performed within
the state that can be offset against state-level corporate tax liabilities.

We use the state-by-year R&D tax price data, which is compiled in Wilson (2009) and extended
by Bloom et al. (2013). Wilson (2009) quantifies the impact of state-level tax credits. In particular,
the effective tax credit rate D;; varies over time and across states depending on the design of the
policy. There are three primary designs for R&D tax credits (i) non-incremental, where all qualified
R&D is eligible for credit (ii) incremental with a fixed-period base, where eligibility is limited to
R&D expenditures exceeding a baseline determined by a company’s activity (e.g., R&D to sales
ratio) over a fixed period and (iii) incremental with a moving-average base, where the base level
is determined by the company’s recent activities. For instance, Ohio implements an incremental
approach with a moving-average base calculated from the past three years, Pennsylvania sets its
moving-average window at four years, West Virginia offers a non-incremental tax credit, and Arizona
aligns its criteria with the federal guidelines for R&D tax credits.

For both non-incremental credits and incremental credits with a fixed period base, the effective
credit rate on a marginal unit of R&D, assuming that the current R&D is above the base, is
D;; = ]_N)i’t, where ﬁi’t represents the statutory credit rate. For incremental credits with a moving-
average base, the base is current sales multiplied by the company’s average R&D to sales ratio over
n previous years. The effective credit rate in this case is D;; = Di,t(l — %(1 +7—5)"%), where 1
is the real interest rate. In our calculation, we use r = 2% as an average real interest rate during
the periods of study. Again, it is assuming that current R&D is above the base. As is well-known,
the moving-average formula significantly reduces the value of the credit, as current R&D spending
lowers the amount of R&D that qualified for future credits. Note that several states piggyback on
the federal definition of R&D base amount, and this was changed in 1990 from a moving-average
base of 3 years to a fixed-period base. This increases the effective credit rates in these states for
years after 1990. Therefore, we use the moving average formula to calculate the tax credit rate for

these states before 1990 and the fixed base formula afterwards.
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B Estimation Details

Section B.1 describes the target moments and Section B.2 describes how we fit the model to the

data.

B.1 Moments

e Output growth: Output is real gross domestic product per capita, from the BEA regional
account. To calculate this variable, we obtain GDP and population series from the BEA
regional account, and deflate the series using the GDP implicit deflator (BEA account code:
A191RD).

e Consumption growth: Consumption is real consumption per capita, sourced from the BEA
regional account. To calculate this variable, we obtain the Personal Consumption Expenditures
series from the BEA regional account and deflate the series using the Consumption implicit
deflator (BEA account code: DPCERD).

¢ Inflation volatility: The inflation series for each state is constructed as described in Section
A.1. We use the volatility of the inflation series as our target moment, as it corresponds to

our regression setup.

e Risk-free rate: The risk-free rate during the sample period is obtained from the Fed (1-year
US Treasury yield). The nominal interest rate is adjusted by subtracting the corresponding
headline inflation rate to obtain the real interest rate. The headline inflation data is sourced

from the Bureau of Labor Statistics.

e To examine the correlations between variables X and Y, we adopt a residualization approach
whereby both X and Y are residualized with respect to state and year fixed effects, as well
as the lagged levels of X and Y. This approach is consistent with the regression specification

outlined in the paper. In particular,

— Inflation and innovation: the correlation is calculated after both innovation and inflation

are residualized with respect to fixed effects and their lagged levels.

— Inflation and inequality growth: the correlation is calculated after both inequality and

inflation are residualized with respect to fixed effects and their lagged levels

— Inflation and output growth: the correlation is calculated after both output and inflation

are residualized with respect to fixed effects and their lagged levels

— Innovation and inequality: columns of KPST in Table A.16.

QOur estimated correlation is close to the elasticity estimated in Aghion et al. (2018), since we have followed their
specification in estimating this moment.
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— Innovation and output: the correlation is calculated after both output and innovation

are residualized with respect to fixed effects and their lagged levels

e Pairwise Correlations: The correlation is calculated as the average of all the state-pairs in our

sample. The computing horizon is five years.

— Consumption/Output growth: Constructed from the the BEA regional account as
described above. We calculate the correlation using each pair of states and then compute

the average.

— Stock market return: Defined as the return of the value-weighted market portfolio of the
vicinity of state 7. Data is from CRSP. We calculate the correlation using each pair of

states and then compute the average.

B.2 Estimation Procedure

The model has a total of 16 parameters. We set the weight on tradable goods to 0.34, consistent
with Hazell et al. (2022). We set the degree of co-integration to 0.1% and the death rate to 0.025.
We calibrate the firm’s transition probability p, ¢ directly from the data. In particular, each year
we sort firms into growth and value categories based on the median book-to-market breakup at
the local market (the vicinity) of each state. Then we estimate the transition probability over the
sample period across all the states. We set the relative risk aversion v = 5, consistent with the asset
pricing literature.

We estimate the remaining parameters of the model using a simulated minimum distance method
Lee and Ingram (1991). Specifically, given a vector X of target statistics in the data, we obtain

parameter estimates by

1LY 1.
p = argmin (X—Szxxp)) W(X— sz(p)), (B.1)
3 =1

pe

|

where X;(p) is the vector of statistics computed in one simulation of the model. Our choice of
weighting matrix W = diag(X X') "Iy penalizes proportional deviations of the model statistics
from their empirical counterparts. Iy is a diagonal matrix that adjusts for the relative importance
of the statistics in our estimation.

Our estimation targets are reported in the first column of Table 8. They include a combination
of first and second moments of aggregate quantities, risk-free rates and inflation. In addition to these
standard moments in the literature, we also target a set of correlations at the five-years horizon.
The neutral shock and displacement shock have different implications for the correlation between
real quantities, innovation and inflation. Thus, the set of correlation between inflation, output and

innovation, are informative about the relative magnitude of these two sets of shocks.
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In addition, we target the correlation between inequality, innovation and inflation. An important
distinction between these two shocks is that displacement shock drives inequality dynamics whereas
neutral shock does not. These sets of correlations help determine the size of displacement shocks.

We simulate the model at an annual frequency. For each simulation, we simulate the data for 50
years — roughly the same length as our empirical sample. The simulation starts with the symmetric
steady state where A = 1,Y7r = Y7, Yy = Y. In each iteration we simulate S = 10000 samples,
and simulate pseudo-random variables using the same seed in each iteration.

We compute standard errors for the vector of parameter estimates p as

—1 —1
Vo) =1+ ) (O W X)) X WV 2 (X)W X))
(B.2)
where
1,5 .
V(i) = 5 S (Kilr) — XD (Ki(h) — X))
=1

is the estimate of the sampling variation of the statistics in X computed across simulations. The
standard errors calculated in (B.1) are computed using the sampling variation of the target statistics
across simulations (B.2).

Solving each iteration of the model is costly, and thus computing the minimum (B.1) using
standard methods is infeasible. We therefore use the Radial Basis Function (RBF) algorithm in
Bjorkman and Holmstrém (2000). The Bjorkman and Holmstrom (2000) algorithm first fits a
response surface to data by evaluating the objective function at a few points. Then, it searches for a
minimum by balancing between local and global search in an iterative fashion. We use a commercial

implementation of the RBF algorithm that is available through the TOMLAB optimization package.

C Detailed Model Derivations

In this section, we provide detailed derivations. We begin in Sections C.1 to C.5 by focusing on
the log utility case, describing how quantities are aggregated in each region. Next, we calculate
the equilibrium allocation across regions and the SDF in each region. We then discuss the specific
form of the solution in three cases: when displacement shocks occur only in the non-tradable sector,
only in the tradable sector, and the general case where displacement shocks occur in both sectors.
Section C.6 provides a micrfoundation for our reduced form assumptions on output. Section C.7

provides derivations for the CRRA case.
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C.1 Representative agents
The representative agent in each region

First, we show that it is possible to construct a representative agent within each region. Although
agents within each region are heterogeneous in terms of their wealth, their consumption-wealth
ratios are equalized due to the homotheticity of their preferences.

Consider the home region. We define the representative agent as
Uy = / Up, gw}! (C.1)
heo,1]

where Uj, ; and wf denote the utility and the wealth share of household h. That is, the representative
agent takes the region-level endowment and the wealth distribution as given and maximizes the
wealth-weighted utility.

Because all agents within a region are solving the same optimization problem (up to scaling
determined by their wealth), the wealth-weighted representative agent does so as well. Put differently,
the representative agent behaves in the same way as any individual agent but is scaled up to a
level of wealth equal to the region’s total wealth. Thus, solving for the heterogeneous-agent
equilibrium within a region is equivalent to finding the optimal solution for the representative agent.
Consequently, the equilibrium allocation problem reduces to a problem with two (representative)

agents and incomplete markets.

Aggregation
The home’s representative agent’s utility can be written as

[e.9]

Uy =Y B 'InC, (C.2)

s=t

With incomplete markets, the usual construction of a planner’s utility as a weighted sum, with
constant weights, of individual representative utility function is not possible. Instead, we will employ

a fictitious planner with stochastic weights maximizing his utility subject to the resource constraints:

max Z B (InC; + A\ In Cy)
t

{CT,t7C;Yt7CNT,t7C]*\/'T7t}’t:071)27“
s.t. CT,t + C;«’t = YT,t
Cntt = YNTyt (C.3)

CX/T,t = YJT/T,t
Ci = (CT,t)a(CNT,t)lfa
C: = (C;,t)a(CJ*VT,t)lia
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where we have normalized the weight on the home representative agent to be equal to one and
assigned the weight )\; to the foreign representative agent.

C.2 Allocations and inflation

Allocations

For concreteness, consider the home consumer. First, at each t, we derive the consumer’s demands

for tradable and nontradable goods, keeping overall consumption expenditure C; fixed:

max alnCr;+ (1 —a)lnCyry (C.4)
{Cr,t,CNTt }
s.t. CTJ + PNT,t CNT,t = C;. (05)

The problem for the foreign household is defined analogously. Given the above, we obtain the

following demands:

C
Cri=aC, Onrg=(1—a)— (C.6)
PNTt
* " « Cr
Cri=aC, Cyry=(1-0q) P*t (C.7)
NT,t

Denote by V; the utility of the home-region’s representative agent. Denoting the partial derivatives

with respect to consumption basket by V¢ ;, we obtain

i _ 1
oc, Oy

The intertemporal marginal rate of substitution of the representative agent of region c is

Ve
My = Bigtﬂ (C.8)
Cit

Trade implies that the marginal utility of the tradable good T for ¢t = 1,2, .... in each possible state

1S

o O
/BtVCJCti = Tct Vc,t,Bt (C.9)
Tt  Cpy
Define the date-t Pareto weights as
Ay = MoV, Cy
Vi C
= At,15 it ¢ = AtflMt,Lt exp(Act) (ClO)
V-1 Ci—1
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Since the economy starts with a symmetric setup, Ag = Aj. We can rewrite (C.9) as

«o o,
Mg — = M
Tt T

Denote the ratio of Pareto weights by Ay = %’i Then the optimality condition can be written as

*
CT,t

A= Lt
! Cry

(C.11)

Equation (C.11) shows that ); is also the ratio of consumption expenditures between the foreign

and home regions:

* *
PyriCnry ¢

= = —. C.12
! Pn1iCnrt Ct ( )
Also, from (C.10) and the definition of \; = %, we infer that
M* 6AC:+1
Aip1 = A~ (C.13)

Mt,t+1 eAct+1

Substituting the demand functions into the budget constraints, we find the optimal allocations

(C.14)-(C.17):

1

Cri=—-—Y, C.14
=Ty, (C.14)
At =
Cr, = Y, C.15
Tt 1+ )\t Tt ( )
Cnrt = YNt (C.16)
CXIT,t = Y]T/T,t (C~17)
where ?T,t =Y+ Yf{t is the total output of tradable goods.
Given the optimal allocations above, we calculate the consumption bundles:
Cy = (Cry)*(Cnr)' ™ (C.18)
Cr = (Cr)*(Oxp)' ™ (C.19)
We also compute the prices of consumption bundles in both regions:
Ct  Crt+ Cnri PNy
P === = i ? ! C.20
=G c, (C.20)
¢ Crn, +Cyp, PX
P = 715* _ Tt N*T,t NT,t (C.21)
C; &
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The relative price level across two regions is then equal to

_ P i1

_ 0t _ Y C.22
Pt* Ct >\t ( )

€t
where the equality follows directly from (C.11). As a result, the growth in relative price levels

(relative inflation) is equal to
Tt41 = Ac;_l - Act+1 —Aln At+1. (023)

SDF

We focus on the home region, the derivation for the foreign region is similar. Because preferences
are homothetic, consumption is proportional to wealth. To calculate the SDF of the representative
agent, we need to consider two population groups: the population that receives new firms in the
current period (with measure ¢, denoted by N); and the population that does not receive new firms
in the current period (with measure 1 — ¢, denoted by O).

Recall that b,y is the fraction of wealth of agents in the home region excluding the value of
new projects created at time ¢ 4+ 1 at home. The time-(¢ 4+ 1) wealth shares of the two groups of

agents within the home region are

biy1(1 —¢) and byy1¢+ 1 —byyy

respectively. Accordingly, the consumption growth for group N is Cé—tlbtﬂ, and the consumption

. The intertemporal marginal rates of substitution of the

growth of group O is bi+1<+<1*bt+1 Cétl

above two groups of agents can be written as

Cii1 !
Myisy1 =0 c, biy1

bry1¢+1—by Ct+1)_1
¢ Ci

Mogtii1 =5 (

Note that the time-t + 1 state used to define the intertemporal marginal rates of substitution
above includes the investor type, N or O, which is idiosyncratic and becomes known only at time ¢+ 1.
Because each agent is assigned new projects in proportion to their current wealth level and becoming
an innovator in each period is independent of all other shocks in the economy, the equilibrium
SDF in this economy (which prices claims contingent on aggregate states) can be expressed as the
conditional expectation of the inter-temporal marginal rate of substitution of any agent, which is

conditioned on the aggregate state at time ¢ + 1. This equals a weighted average of My ;41 and
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Mo tiv1:

M1 =1—-Moyi+1+ CMn g+

-1
C _ _1
o) [ (e 1 o)

Stock Market

Stock prices of non-tradable firms are equal to

SNt = pNT YNt + EdM 1 (Snraie” )] = pnra Y (pdnry) (C.24)

T — *
SNt = PN YNT e+ Bt My (SN erre” ") = pyrYnr (pdnr ) (C.25)
Similarly, for tradable firms, their stock prices are equal to

St = Yri 4+ E M (S1e41)] = Yru(pdry) (C.26)
St = Y7, + EM (7 40)] = Y7, (pdi,) (C.27)

)

where pdp, pdyr are price-dividend ratios. Hence, the total market value of the tradable (T) sector

is
Sri=Sr+ S

We have normalized the price of tradable goods to be one. The total output of tradable goods is
Yre =Y+ Y7, We denote MtTt 41 as the SDF using the tradable good as a numeraire. Similarly,
Mtszl and Mt]\gl* are the SDF's using non-tradable goods as numeraire. By definition, they have

the following relationship:

. PNy Dt
ML, = MNT, PNTL _ pNT, b= My 2 C.28
i P T bt PNT. 41 Y e ( )
Consequently,
C ! bra1C+1— byt )
T,t+1 1 — b1 _
M£+1 = 5( C;,t: ) (C( i+ : t+ ) +(1- C)bt+11> (C.29)
~1
CONT 141 biy1C+1—byyr ) _
M5X11=6< CNT: == : S - ob, (C.30)
~1
. C* * C_‘_ 1—b* -1 . B
My :5( éf;) (C( S f“) + (1= Qi) (C31)
it

where p, pyT are the prices of consumption bundles and non-tradable goods, respectively. The
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wealth shares of non-innovating households (households that do not receive any shares in new

projects) are described in the following expressions:

value of new projects at home region

biy1 =1 — — . (C.32)
(STa+1 + SNTa+1 + SNre41) (m)
. value of new projects at foreign region
i1 =1 — — - e (C.33)
(STt+1 4+ SNT41 + Shrps1) (m)
To save space and describe the dynamics of SDF's, we define the following quantities:
b1C+1—biyr\ " _
Q1 = <C( 416 c Hl) +(1- C)bt+11> (C.34)
i b* C + 1—b* -1 § B
0 = (c () - 0ot) ) (©.35)

Given the trade of T-goods, the marginal utility of tradable goods needs to be equalized across
regions. Therefore, from (C.11), (C.29), (C.34), and (C.35), we have:

AlnXy =InQf,, —InQypy (C.36)

C.3 Displacement shocks only in the non-tradable good sector
Case when n = 1.

Displacement Effects
Recall that the displacement effects are summarized by terms by, by, which are the wealth shares
of households that do not receive profitable projects within their respective regions. In this case,

these shares are equal to

S 1 — e U+l
bro = 1 — NT,t+1( € ) 1 (0.37)
(ST,tJrl + 5:7’,t+1 + SNT7t+1 + S?vT,tJrl) (1+,\t+1>
SK 1 — e %
b;k—i—l —1— NT,t+1( ) (038)

A
(STp+1 + STy + SNT41 + Syre41) (1+t)\til>
Recall that tradable firms cater to the national demand, and their price-dividend ratio is

Y41
pdr; =1+ E, [MtTt i }7’” pdnm]
Tt

)

)

S 1 _
Y741 1+§ Y7141

=1+E |p T 1 = % L apdre

Tt1Tx Tyt
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1+ M1

=1+E; |:ﬁ T+ N

Qm} (C.39)

and the price-dividend ratio for NT firms is

T DPt1YNT 41

pdnTt =1+ E¢ | My, (PdNT,t+1)eut+1]
L PtYNT,t

— 1
Y,
T Ti+1 14X i1 —
=1+E; Mt,t+1 v 1 (pdnT,p41)e "
Tt Thx

)_T t+171 - % D Ve
) 1+A Tt+1 1+A
1+ E, ﬁ( t+1> ) t+1

% T (pdnTte1)e” T Qe
Tt T3x

> 1
YTﬂf T+

=1 + Et [6(pdNT7t+1)67ut+1Qt+1] . (040)
Similarly, for foreign non-tradable firms,
pdivre = 1+ B [Bpdyr)e 100 | (C.41)

To obtain a closed-form solution, we conjecture and then subsequently verify that pdr, pdnrt, pdy

are constant and we denote them as C7 = pdp, Cy = 1jTO‘pd NT = I?T"‘pd*NT. Then

Ch + Cae "ttt

bt = 42
o= OO (©42
Ci+ Cge_u;fl
o= _—_ - 4
bt-l—l Cl + 02 (C 3)

As a result, from (C.34) and (C.35), the expectation of Q1,2 are also constant. Given that u

and u* are symmetric, we can denote them as
EtQtJrl == EtQL_l = X0 (044)

Next, we verify our conjecture that the price-dividend ratios are constant. First, note that

1+ A1

E Q
t[ﬁ 1+ N t+1:|

*

1 O
=——FE, |(1+ =)0
51+)\t t [( + tQt—H) t+1:|
1

14+ M

—5

By Qi+ Q0] (C.45)

Solving for the price-dividend ratios recursively as

14 At
1+ N

L+ At

Q1) + (B oy

pdT =1 + Et |:(,8 Qt+l)2 =+ .. :|
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_ Bxo
=14 T e (C.46)

In the above calculation, we use the fact that

Q*
1+ A\g1 IRAG e Qe+ M

- = " — . C.47
1+ A t+1 1+ A t+1 1+ A\ X0 ( )

For the price-dividend ratio in the NT sector

bip1C+1— by

—1
B [0 6] = 5 <<Et ( ) e B e ) )

¢
= Bxa (C.48)
where x1 is a constant, defined as
= (CEt (bt+1< —i—cl - bt+1>—1 e 4 (1— Q)R (byle ) > (C.49)
Therefore,
pdnt = pdyp =1+ bxa (C.50)

1—Bx1

Thus, we have verified our conjecture that the price-dividend ratios pdpr and pdyr are constant.

Note that for small values of u, b can be approximated as

b— C1+ Coe™™ N C1+ Cy — Cou 1 Cy

R =1———"—u. C.51
Ci1+ Cy C1+ Cy C]_"‘CQU ( )
As a result, in the limiting case { — 0, the dynamics of A can be approximated as
Aln A1 =Inb—Inbd*
T C1 + Che™ N Cy + Che "
N C1+ Cy C1+ Cy
Co .
alomwen (u* —u)
1-— d
(1 = @Jpdnr ut —u). (C.52)

- apdr + (1 — a)pdnT
Case whenn < 1

In this case, new projects are allocated not only to the inventors but also to the existing firms.
Assume there are two types of firms: those that can receive these new projects and those that

cannot. The former type trades at a higher valuation multiple in equilibrium, and we denote such
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firms by H-“growth”. We denote the type that can not receive projects as L—“value”. Non-tradables

firms can transit between these two states according to the following transition probability:

z:!l_p p]. (C.53)
g l—gq

Suppose that the fraction of new projects that go to H type is w, so the L type get 1 — w of the
total 1 — n projects. In our case, w = 1 and value firms do not receive projects. Among the all the
NT firms, a fraction of mg is the H type, and the remaining fraction 1 — my is the L type. In the

steady state, we have

mu(1=p)+q(l —my) =mpy
pmg+ (1 —q)(1 —my)=1—mpu

=9 1 — P
prg -~ MH T g

When 7 < 1, the wealth share (C.37) and (C.38) become

my

SnT41(1 —e H)n

biy1 =1— — ” (C.54)

(ST,t+1 + SNT,t+1 + SNT,t—H)( 1+)1\t+1)

« Sirasr (1 — e “)n

big=1-— . - . (C.55)

(ST,t+1 + SNT,t+1 + SNT,t+1>( 1+)\t+1)

So we have
po G1tCe— Con(1 —e™)
C1+ Cy
C1 + Cy — Conu Co

~ =1-—= C.56
Cr+Cs O+ (C.56)

The valuation of NT trees consists of two parts: asset in place (A) and growth opportunities

(G). Asset in place are the same in both types of firms,

pdnt = pdyy =1+ E¢ | B(pdnT41)e” “H 1 Qe (C.57)
Bx1
1-Bx1 ( )

The value of growth opportunities, expressed as a multiple of dividends, satisfies

PNT#+1YNT 141 _ w
Gy =E ML ’ ’ 1—e " )pdnr(1 — —
it t ( tt+1 DNTLYNT [( ) ( n)( ma )
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+ (1 =p)Gups1 + (p)GL,t+1)]>

DNT,t+1YNT t 41 _ 1—w
Gro= B | Mf =R (1 — e )pdy (1 — ) )
pNT,tYNT,t 1—mpg

+ ((@)Gapr1 + (1 — Q)GL,t+1)]>

From the expression of marginal utility we know that

Yreen g Qe + M
ML = B(—= + C.59
Similarly,
PNT#+1YNT 1 _ 1+ N Y@tﬂ (C.60)
PNTtYNT,t L4+ A1 Yoy '

Substituting the above equations into the valuation of the new projects, one can see that the total

value (as a multiple of dividends) of all new projects is equal to

Y;
XG = E¢| M, PEIELINTEL (1 vy (C.61)
DNTLYNT,
= Et,BQt+1(1 — €7ut+l)XG (062)

The relative inflation is given by

g1 = My — My
= —Acip1 + A +InQ 1 —InQF
=(1-a)(InQu1 —InQ — dupr — erp1 + 0ujy g +e54) (C.63)

Without displacement effects, relative inflation is purely determined by the change in the
relative supply of non-tradable goods, du* + ¢}, | — du — €441. However, displacement effects lead
to a reallocation of wealth and consequently alter the demand for non-tradable goods, which is

characterized by In 211 —InQy, ;. When ¢ — 0, we have

(1 — a)pdnr
apdr + (1 — a)pdnT

Q1 — I = ( )(uer1 — uiyq) (C.64)

So

(1 — a)pdNT * *
Tt4+1 = (1 — a) <(apdT T (1 — a)pdNT -0 (Ut+1 - ut+1) + Et41 —Et+1 | - (065)
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C.4 Displacement shocks only in the tradable good sector
Case whenn <1

Most of the equations that describe the equilibrium conditions remain unchanged. They are as

follows:
[ 14 At+1 Yrii1/Yren
dr; =1+ E Q . —— d C.66
pdr + E; _5 T3, Yra/ Ve (pdrt41) ( )
[ 1 + Apt1 Y;t+1/YT,t+1
dr, =1+E Q . — . C.67
pary + Kt _B 1T+ A t+1 Y;’:t/YT,t (p T,t+1) ( )
pdnty = 1+ E¢ | B(pdnTi41) Q11 (C.68)
pd*NT,t =1+E 6(pd7VT,t+1)Qt+1 (C.69)
FEEL (pd 1) (1 — ey
b1 =1 — Tt (C.70)
<pdT,t+1 + lzl(pdNT,t—H)) (Wlm)
L (pig ) (1 et )y
bi,=1- s (C.71)
— —a /3 At
<pdT,t+1 + 1a(PdNT,t+1)> (ﬁ)
bpg1C+1—bepr\ _
Q1 = (C < t+1G : t+1> +(1- C)bt+11> (C.72)
i b C + 1 — p* —1 § B
Oy = (c ( e : ”1> + (1= Q) (bj11) 1) (C.73)
Aln At-i—l =In Q:—i—l —In Qt-i—l (074)
where
— Y- Y4
pdriy = ?T’HlPdT,tH + YT’tHPdi},tH (C.75)
Tt+1 Tt41
~ 1 At+1
d = ——pd ——pd; . .
PANT 41 = 7 n )\tﬂp NTt+1 + 1 +)\t+lp NT,t+1 (C.76)

When ¢ — 0 and u shocks are small, around the symmetric steady state, we have the following

approximation:

Aln A1 =~ Inbgq — Inbjy, (C.77)
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~ apdT,s
apdr s+ (1 — a)pdnr,s

(ues1 — ugpy), (C.78)

where pdr s, pdnT s are the price-dividend ratio at the steady states for T and NT firms. The value

of growth opportunities, expressed as a multiple of dividends, satisfies

Y, » w
Cris = By (MEm SN (1= e i (L= 0)(-) 4 (1= P)Grgrs + ()Grs) ) (€.79)
Tt mpg
Gpo =B, mr, Yoo —ur+1 1-w
Lt =Ee| M,y (1—e )pdi+1(1 —n)( )+ ((@Ga1 + (1= a)GrLis1)
YT,t 1— mrpg
(C.80)
where
C - b1+ 1 —big) "
ML — T,t+1 41 — Dp41 L — bt
tt+1 5( Crs ¢ ¢ + (1= Ob 4
Yrer1, 11+ Mg
= = Q c.81
s, (1)
The relative inflation is given by
i1 = —Acir1 + A +InQp —In Q7
= (1 — O[) (6?VT,t+1 - 8NT7t+1 + h]. Qt+]_ — ln Q:—i—l)
~(1-a) DI (s — i) + ) (C.82)
- @ apdrs + (1 — a)pdnr s UL T k) T ENT 1 T ENT L ) - '

Without displacement effects, the relative inflation is purely determined by the change in the relative
supply of non-tradable goods, 6}‘VT¢ 41— &nT,+1- However, displacement effects lead to a reallocation
of wealth and consequently alter the demand for non-tradable goods, which is characterized by
InQyy —InQf, .

A positive u shock at home would always lead to a larger displacement effect at home—smaller b
(the wealth share of non-innovators), larger 3—and an increase in the relative price of home goods.
The intuition is straightforward: the displacement T' shock reallocates wealth to the home but does
not increase the supply of non-tradables, hence the price of non-tradables increases. Therefore, a

positive T' displacement shock always increases local price levels.
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C.5 Displacement shocks in both sectors
Case when n < 1.

The equilibrium conditions become:

L+ At Yrii1/Yre _
dry =1+ E Q . —— d UT, 41 C.83
pdr. +E |8 T3, U+ Ve Vs (pdriv1)e ( )
pdnTe =1+ Eq 5(PdNT,t+1)Qt+1e“NT,t+1] (C.84)

Y; _ — —
el <(PdT,t+1)(1 —e uT’tH)) + 422 PANT TR (1 - UNT’H1>

b1 =1— (C.85)
<PdT 1+ PdNT t+1> (ﬁ)
Y71 —uj l—a Aty * —ul
T n(pdy ) (1 — e 1) 4 228 -y (pdyp) (1 — e N T
b, =1 — e AR (C.86)
A
(PdT o1+ 52 pdyy t+1> (F57)
braC+1—bipr) " _
Qi1 = (C( s % ax > +(1 C)bt+1> (C.87)
. b* C +1-— b* —1 i} B
o = (c ( e t“) (1= Obin) ) (C.58)
AlnAy1 =InQf; —InQpy (C.89)
where
Yr Y7, .
PdT 41 = ks lpdT t+1+ = lpdT,tH (C.90)
Y74 YT,t+1
~ 1 At+1
d = ———pd ————pdj . C.91
PANT 41 = 7 n /\th NTt+1 + 1 +)\t+1p NTt+1 ( )
When ¢ — 0 and u shocks are small, around the symmetric steady state, we obtain:
Aln X1 ~Inby —Inbj | =~ (w1 — uiyq), (C.92)

where we use the approximation that around the symmetric steady state Yr ~ Y/, ur = uyr and

A & 1. The relative inflation is equal to

*
g1 = Mgy — My

= —Acip1 F A+ In —InQF
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= (1= a)(AYN7 1 — AYNT 01 + Qi —In Q)
=(1-a) <€2‘+1 —ente1 + 0(u —unTe) + Iy —1In QIH)
~ (1= a) ((1=0) (ues1 — ufsy) + ENpusr — ENT+1) - (C.93)

Without displacement effects, relative inflation is purely determined by the change in the relative
supply of non-tradable goods, ENT 41 — ENT+1 + 6(uj,y — ug1). However, displacement effects
lead to a reallocation of wealth and consequently alter the demand for non-tradable goods, which is
characterized by In €1 — InQ}, ;.

Examining equilibrium conditions, a positive up shock at home would lead to a larger displace-
ment effect at home—smaller b (the wealth share of non-innovators), larger 2—and an increase
in the relative price of home goods. A positive uyr shock would lead to the same result. The
relative magnitude of these two shocks is determined by the valuation of these firms and the relative

variance of these shocks.

C.6 Detailed Microfoundation

We present a two-region, two-sector micro-foundation in which Schumpeterian creative destruction
takes place. Labor is freely mobile across the country. Firms use labor and land to produce output.
Land input is locally supplied and used in both sectors. The micro-foundation aims to provide an

environment in which innovation shocks
1. Increase total output
2. Reallocate resources from incumbents to new entrants

To simplify the exposition, we assume that creative destruction only occurs in the non-tradeable
sector. The more general case in which creative destruction occurs in both sectors leads to similar

insights at the cost of some additional analytic complexity.

Setup: Aggregation, Production, and Factor Inputs

Output in each region ¢ € {H, F'} is produced in two sectors S € {T, NT'}. Final goods in each
sector are CES aggregates of a continuum of varieties indexed by j € [0,1]. Each variety is produced

by a monopolist who faces CES demand and sets prices accordingly.

Final Goods. Non-tradable output is aggregated locally:

1 L o—1 . o-1
Y]@T,tz(/o xfmmodj) Y (C.o4)
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Tradable goods are aggregated at the national level:

1 o1
Yri = (/ ora(j) dj) , o>1, (C.95)
0

where total output of each tradable variety is the sum of quantities produced in both regions:
rre(j) = f’«"gt(j) + x’?t(]) (C.96)

Production Technology. Each intermediate good x%}t(j) is produced using Cobb—Douglas
technology with local land and labor:

54(7) = Z5.,A5,(7) (K5..())" (L5.())" . (C.97)
2570 () = Ziga AforaG) (K ())” (Livre ()7 (C.98)

where 6 € (0,1) is the land share in both sectors, and AS, (j) captures variety-level productivity.

Exogenous productivity enters at two levels:

e Sector-region-wide productivity shifters Zg, follow:

where €5, is a region-sector-specific shock.

e Variety-specific productivity Ag ( ) evolves through innovation shocks, as described in later

sections.

Factor Inputs and Market Clearing.

e Land: Land is specific to each region and fixed in supply at K. Let R{ be the land rental

price in region c¢. Land is used in both sectors and must satisfy:

/KSt )dj = K°. (C.100)
Se{T,NT}

e Labor: Labor is mobile across regions and sectors, earning a common wage w¢. The total

labor endowment L; is allocated across all varieties and regions:

>y / §)dj = Ly. (C.101)

ce{H,F} Se{T,NT}
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Production and Cost Minimization

Each monopolist minimizes costs and charges a markup over marginal cost.

Tradable Sector. Marginal cost is:

1

MC$,(j) = 5o (RS w0970 (1 — ) =00, (C.102)
o ZT,tAT,t(J) v
The firm sets: ( 0)9 -
. Rf) w; ™~
Pra(J) = Ko (C.103)
o 2% AT (4)
with k£ = -2;079(1 — 6)~(1=0),
Bertrand competition implies:
) = mi T:(J) ) - C.104
pr(4) i {p7:(7)} ( )
Define: Ze A6 ()
~ J
Ar(G) = Tt“} C.105
)= s {5 109
so that:
1 1 =
Pr; = (/ [Hwtl_e/XT,t(j)} dj> ) (C.106)
0
1 o1
Aty = ( /TT,t(j)Uldj> ; (C.107)
0
Pry = ﬁwg_agii. (C.108)
Non-tradable Sector. Marginal cost:
1
MCSr,(j) = oo (BP0} 7070(1 — 6)=(179). (C.109)
N Z§r i Afr 4 (7) v
Price and index:
. (Rf) w, "
Pnre(d) = F oo (C.110)
NIt 257 1A%t ()
1 1—0o ﬁ
Pip, = (R w! =0 )(ZSr A% G| dj (C.111)
NT,t 0 KLty ) Wy NTtANT t\J ] ) .
~ 1 o1
v = ([ @mesenin i) (C.112)
Pfire = m(R)) wi ™ (A%r) " (C.113)
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Displacement and Aggregate Productivity

At the beginning of each period ¢ + 1, a displacement (or innovation) shock u‘jVT’t 41 s realized in
region c¢. This shock raises the probability that each product line in the non-tradable sector is

challenged by a new entrant:
MG =1 — e “NTert with 0 < mSgyq < L. (C.114)

If an entrant arrives at line j, it competes with the incumbent under Bertrand pricing. The
entrant operates with a productivity advantage: it can produce at productivity €6A5VT¢( Jj), where
6 > 0and AYr, (7) is the incumbent’s productivity. As a result, the entrant undercuts the incumbent

and takes over the product line. Thus, productivity at line j in region c evolves as:

e(sAfVT’t(j), with probability mf,., 1,

ANr41() = (C.115)

A(]:VT,t( 7), with probability 1 —mf,, ;.

A fraction m?VT’t 41 of incumbents are therefore displaced and replaced by more productive
entrants. In each displaced line, the old firm’s profits fall to zero, and the entrant captures the full

profit stream.

Aggregate Productivity and Output We define the effective productivity in region c as the
CES aggregator:

- 1 ) 1/(o—1)
Rre=Zier, ([ Areiya) (©.116)

Using the updating rule and noting that displacement occurs independently across product lines,

the evolution of aggregate productivity is:

o . o .
(Are)” ™" = (ZRmesn) ™ [0 = miepn) + Mo i€ (Aere/ 25,

A T ZJC\/Tt-H sto_1y] Y (@=1)
AN = ANty (ZC {(1 — mYyrig1) T MEyr41€°C 1)] .
NT,t

Taking logs and linearizing for small ufr ;. and Aln Z5p, ., yields:
Aln Ay & p+enre + 0uNT 41, (C.117)
where p is the drift term and €51, is a productivity shock.

Summary. This setup captures how a displacement shock uf,,, can simultaneously:

1. Increase aggregate productivity in region ¢ by 4 for the fraction mf,,  of replaced varieties.
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2. Reallocate profits from displaced incumbents to new entrants.

e Creative destruction: A fraction m%,,, of varieties in the non-tradable sector is displaced
each period, representing Schumpeterian creative destruction. New, more productive firms

replace old incumbents.

e Reallocation: Ownership of displaced product lines switches to new entrants. Incumbents

lose the revenue from those lines; new entrepreneurs gain it.

e Unspanned risk: If households cannot insure ex ante over “who will be the successful
innovator,” markets are incomplete. This introduces idiosyncratic risk over who gains or loses

from each period’s displacement.

C.7 Allowing for CRRA utility

In this section, we derive the solution for CRRA utility. We follow the sequence outlined in the
previous section on log utility. The aggregation result still applies because it relies solely on the
homotheticity of preferences. The sections on allocations (Section C.7), the SDF (Section C.7), and
stock markets (Section C.7) closely resemble those with log utility. The key difference, as derived in

Section C.7, is that the consumption-wealth ratio is no longer constant.

Allocations and inflation

Allocations First, at each ¢, we derive the consumer’s demands for tradable and nontradable

goods, keeping overall consumption expenditure C; fixed.

max C%,C\¢ C.118
{Cr,t,CNT,t } TEYNT ( )
s.t. CT,t + PNT,t CNT,t = ;. (C.llg)

The problem for the foreign household is defined analogously. Given the above, we obtain the

following demands

Gy

CTJ = aCt, CNT,t = (1 — (C.120)
PNTt

Ciy =Gy Chpy = (1—a) (C.121)
PNT,t

Dynamics of the consumption ratio Let V; denote the utility of the representative agent in
the home region. Denote the partial derivative of V; with respect to the consumption basket by

Ve, which is given by

o _ 1
ac, ¢
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The intertemporal marginal rate of substitution for the representative agent in region c is then

Ve+1 Ceptt
VC,t Cc,t

M1 =0 (C.122)

Trade implies that the marginal utilities of tradable good T for ¢t = 1,2, .... in each possible state

is

C , « a C*
Vorp—=Cr— = —op——C; Vg, B C.123
B C,t¢ C, tCT7t C}’twc? t C,tﬁ ( )

Define the Pareto weights at period ¢ as
Ay = MoV, Cy
Ver C
= At—lﬁ Gt = t = At—lMt—l,t exp(AEt) (0124)
Veir—1 Ciaa

Since the economy starts with a symmetric setup Ag = Aj. We can rewrite (C.123) as

A a o A
tC - C'* t
Ty Tt

Define A\ = ?\—z; as the ratio of Pareto weights. The optimality condition can be written as

*
CT,t

At = —=
! Cry

(C.125)

Similar to the log utility case, note that with Cobb-Douglas preferences over different goods,
households’ consumption expenditure shares for each good are fixed. Therefore, (C.125) shows that

¢ is also the ratio of consumption expenditures between foreign and home regions:

* *
PyriCnry ¢

= = —. C.126
! Pnr:Cntt Ci ( )
Additionally, from the definition of A, = 4%, we have
* Ac}
e t+1
Mg = A C.127
t+1 ¢ My piqeBoet ( )
Substituting the demand functions into the budget constraints, we obtain the allocations:
Cry= — ¥, (C.128)
Tt — 1 + )\t Tt .
=My (C.129)
Tt 1 +)\t Tt .
Cntt = YNTt) (C.130)
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* *
CNT,t = YNT,t?

where Y7 = Yy + Yﬂt is the total output of tradable goods.

Given the above allocations, we calculate the consumption bundles:

Cy = (Cr4)*(Cnrt) ™
Cf = (Cr)*(Crr)' ™

We also compute the price of consumption bundles in home and foreign regions:

Ct  Cri+Cnrye Pnry

p =t
T o C,

pr [ Cri+ Cnry Prry
Loy CY

The relative price level across the two regions is then equal to

TP G

€t

(C.131)

(C.132)
(C.133)

(C.134)

(C.135)

(C.136)

where the equality follows directly from (C.125). As a result, the growth in relative price levels

(relative inflation) is equal to
Tt+1 = AC?+1 - ACtJrl — Aln >\t+1-

SDF

(C.137)

We follow the same argument in the log utility case and consider two population groups: the

population that receives the new firms in the current period (with measure ¢, denoted as N); and the

population that does not receive the new firms in the current period (with measure 1 — ¢, denoted

as O).
The SDF of these two groups can be written as

C, _
Mot = 5(%@“) K

b +1—b4q1 C _
My 41 = B( 1 c = ggl) 7

In this economy, the conditional expectation of investors’ inter-temporal marginal rates of substitution

is a valid stochastic discount factor. That is,

Misv1 = (1= Moy i1+ CMn 41
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—y - .
_ﬁ<C’gtr1> <C<bt+1C+C1 bt+1> _|_(1—<)bt_+71>

Stock Market

The value of non-tradable firms and tradable firms are equal to

SNT = DNTAYNT ¢ + Bt [M£+1(SNT¢+1€_WH)] = pNTtYNT(PANT 1) (C.138)
ST = PNre YT + B [MtTt+1(5 T,t+1€_ut*“)] = PN1 YN (PN ) (C.139)
St = Yrs + EJM/, 1 (Sr41)] = Yru(pdry) (C.140)
St = Yiy+ B M1 (ST011)] = Y7 (pdiy) (C.141)

And the total value of T sector is equal to
S’Tﬂg = St + S;:

We have normalized the price of tradable goods to be one. The total output of tradable goods is
Yri = Yr:+ YT*t We denote MtTt 41 as the SDF using the tradable good as a numeraire. Similarly,
M it +1 and Mt t +’1 are the SDF's using non-tradable goods as numeraire. By definition, they have

the following relationship:

Mt:’,;f+1 Mt]ﬂ PNT Mtj\gl* pR[Tt = Mt,t+1& (C.142)
PNTt+1 pNT 1 Pt+1
and
) ! b .t
MZ;H — ﬁ( gtrl) ( g;:1) (C ( t+1€ +C1 — t+1> +(1- C)btjl) (C.143)
T,x Cin o Chit1 - b1 C+1=0b7 4\ . -
Mt,t’—i-l = ﬁ( Cgk ) ( C;t ) (C ( C ) + (1 - C)( t—l—l) 7) (C'144)
) fcC TS T
MNT, = ﬁ( ;1) (giﬁ) (C < s : t“) 41— C)bt_jl> (C.145)

NT i1 o CNTi41 o biaC+1—=br 0\ " « \—r
MNTr — g St * ¢ ( ) FA-O0) ] (c1d6)
Ct CNTt C

where p, pyT are the prices of consumption bundles and nontradable goods, respectively. The

wealth share of non-innovators is equal to

new projects at home

bpp =1— . (C.147)

(S7441 + SnTa41 + Shp 1) ()
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new projects at foreign (C.148)
(St41 + SNTt1 + i) (s |

1+tweps

b?+1 =1-

We define the following quantities as in the log utility case:

b 1-b 7 _
Qt—i—l = <7r ( t+170 +7T t+1> —+ (1 — ﬂ)bt—f?Il) (0149)

b 1—bf \ 7"
O = <7r < 1T +7T t+1> +(1- ﬂ)(bfﬂ)_”) (C.150)

From the equalization of marginal utility of tradable goods, we obtain

C;“t+1/CT i+1 Yyr t+1/YNT t+1
0= —InQ; —Aln g + (1 — aln————" 4+ (1—a)ln : ’
t+1 t+1 i1+ ( ) < C:*r,t / Cry ( ) Y]T/T,t /YNT,t

Y3 Y
=InQ; —InQy —AlnNp+(1—7v)aAlnXy + (1 —a)ln N1/ YNT 141 (C.151)
Yird/ YNt

Price dividend ratios The price-dividend ratio of tradable firms is equal to

Yr _
pdry =1+ E[ML 5 (pdyy1) (1 — (1 — e “Test)p)].

C.152
Vi ( )
Similarly for foreign tradable firms,
* T YT*775+1 * —uk
pdp, =1+ Et[Mt,tJrlYi*(pdT,tJrl)(l — (1 —e "rert)n)]. (C.153)
Tpt
The price-dividend ratio of non-tradable firms is equal to
B T DPt+1YNT 41 g
pdnre =1+ E | My —————(pdnr+1)(1 = (1 —e n)
PtYNT,t
Y- _1
= 14 B | My S5 ) (1= (1 6‘“N““)n)] (C.154)
Tt 1N
Similarly for foreign non-tradable firms,
v Ata1
" Tt+1 T2 % —u
pdiry =1+ E | Mf 4 T: o (pdvr)(1—(1—e “N““)n)] (C.155)
’ 1+

In what follows, we derive the expressions for sector stock returns and the returns for various
portfolios.
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Sector Returns The total return of non-tradable firms is

PNT 41 YNT 41 (1 — (1 — e “NTt4)n) pdnT 441

TNTt+1 = In

PNT,tYNTt pdnT, — 1
~ In YT’H_I + At (AInQupy — Ay ) —unTi41m + In PANT 41 (C.156)
Yry T+ XM pdnT: — 1
A positive uyp shock at home leads to both an increase in £ and an increase in %, but also

causes a displacement effect un71.

The total return of tradable firms at home is

Yrip1(1— (1 —e ")) pdr i

rre+1 = Inf Yr, pdry — 1
~ ln(YT’Hl(l - UT,t+177) PdT,t-H
Yr, pdr; — 1
~AIn(Yri41) — Aln(Yr) — urspan + In(pdriyr) — In(pdrs — 1)
=pu~+ (0 —n)urit1 +ery1 + In(pdris1) — In(pdr — 1) (C.157)

Market Returns The market return is the weighted average of T and NT firms. The weights
a(pdr,c—1) (1—a)(pdnT,t—1)
a(pdr—1)+(1—a)(pdyT,1—1 a(pdr,t—1)+(1—a)(pdnT,t—1) "

Therefore, the value-weighted return is:

of these firms are given by wr = ) and wyt =

TMKTt = WITTt+1 + WNTTNT,t+1 (C.158)

R wr <M + (6 — n)uryt1 + €1 +In(pdryt1) — In(pdr — 1))

In YT,t+1
Yr,¢

Y741 At DPANT 141
In —= AlnQ — AlnQ; — In ————— C.159
! wNT( ! Y14 * 1+ At( nR nh) —unraa +In pdnrye — 1 ( )

GMYV Returns We focus on the home region in our derivation. Recall that value firms are
those that do not receive new projects, while growth firms are those that do. Note that pd,Y and
pdtG denote the price-dividend ratios of firms that were sorted into value and growth categories,
respectively, at period t.

For tradable firms that are sorted into the value group, their return is equal to

7"\%H =(1- Q)TXT/—>V¢+1 + qraac,tﬁ-l (C.160)

where

Y. e Uttt pd Pd

T Tt+1 Tt+1 Tt+1

—hl . . —,U+ (5—1 + e —i-hli7 0161
TV vitt1 < Y, p l : 1> ( )UT,t—l—l Tt+1 l‘/t 1 ( )
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G
pdT,t+1

MG =1+ (6 = Durer + e +1In = (C.162)
’ pdT7t -1
For non-tradable firms that are sorted into the value group, their return is equal to
N N N
i =0 —Qrd by + a9 e (C.163)
where
WNT N <pNT,t+1YNT,t+1€_ut+l pdNT,t+1>
Vovittl PNTtYNT,t pANT
o 1%
Y741 At PANT 141
~In—= + nQ1 —1InQ —UunTt+1 +1In ——— C.164
Pty (e 00— (C.164
Y G
Y711 A N PANT 441
rng,t—H == 2 (InQ —In Of 1) —unT41 +1In SRELEAS ] (C.165)
Yo 14X\ Py,
Similarly, we can derive the stock returns for growth firms. For tradable firms, we obtain
i = (1= D)réar + Présven (C.166)
where
\%4
1—7n pdp gy
T +
T =u+ 0+ ——1Du +é +In ——"——— C.167
G—Vit+l — H ( muy ) T,t4+1 T,t4+1 » d%t 1 ( )
G
PAT 41
T +
r =AlnXi +In ———
GG t+1 t+1 pd%, -1
o Yrppre "I 4+ Yy (1 — €7uT’t+l)%j pdG,
Y1 pd%t -1
1-— pdS
o (5 + —— — Duppir + erpp + In— (C.168)
mH pdT’t -1
And for non-tradable firms, their return is equal to
NT NT NT
roii1 = (L= D)7e5G i1 T Prao vt (C.169)
where
"G LG = I PNT 11 YNT 1 (€7UNT a1 4 (1 — eV Teen) IZ0) pd G
-Gt PNTYNT pd%T,t -1
Y, G
Y7141 At 1—n PANT 141
~In —= InQ1 —InQf ;) —(1— U +In—————— (C.170
N i, (0 ) = (= SJunten piG, 1 ( )
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Y 1- I
Tt+1 At n)UNT,tJrl +In % (C.171)

PanT —

NT .
TGVl = In Vs STV (In Q1 —In Q) — (1 - p—

Thus, the return differential between value and growth firms is
T T NT NT
TGMVit+1 = wT(TG,tH - Tv,t+1) +(1— wT)(TG,t—i-l - Tv,t+1)

X Wrur+1 + (1 — U)T)’U/NT,tJrl (0.172)

Where wr is the weight on the tradable firms in the growth portfolio. Therefore, GMV correlates

positively with the linear combination of displacement shocks on both 7" and NT' firms.

Wealth ratio

Given the recursive definition
V=7 = 7 4 BEVITY, (C.173)

the marginal utility of consumption of T-good for the representative agent is equal to

oV oV oC c
g9V yrera . 174
der —aCae V¢ (C.174)

The wealth of the representative agent (in units of T-good) is

A

Similarly the wealth of the representative agent in the foreign region is equal to

VAT L1
So the wealth ratio
* 17’}/
Wr (&))
W < (&)

The recursive definition of Utility-Consumption ratio We can express (%)1*“Y as follows :

_ K 1=y _

|+ BE <(g)17(051)17>] (C.178)
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The consumption growth is

Cit1

t

In(

) =aAlner + (1 — a)AYNr,

where

_ 1 B

Alne Y 1At ) Yoo 14+ M

T g — = — .
Vi +1/\t Yre 1+ Mt1

Therefore from the recursive definition, we obtain

VCy = |1+ BE (VCHl(%“)H) ]
t
Crot, g Crprbr+1—1b
=1+ BE, (1—w)vct+1(%tlb)l Y4 7V ( gl T -
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Appendix Tables and Figures

Table A.1: Innovation, Productivity and Inflation using IV

Real GDP/Employment Growth Headline Inflation
5-Year  5-Year 5-Year 5-Year 5-Year 5-Year
KPST8005 (Assignee Location) — 3.192** 8.7TYHFH*
(1.597) (2.152)
Cit(20%) (Assignee Location) 2.412%* 5.407**
(1.165) (2.262)
KPSS(20%) (Assignee Location) 4.618%** 11.029%**
(1.717) (3.833)
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Obs 647 938 923 647 938 923
Adj R2 0.576 0.620 0.586 0.636 0.789 0.665

Notes: This table reports regression coefficients (times 100) of 2SLS estimates. Columns 1-3 of this table report the
regression results:

Gist,t+s = PrIn(innovysy g eys) + BoXie + i + e +eie

Dependent variable is equal to the growth in the (log) GDP per worker in state ¢ from ¢ to t + 5, ¢i,t,e45 = InY; 145 —InY; ;.
The vector of controls includes the (log) GDP per worker at time ¢, InY; ;. innovy} ¢+ is the flow of innovation measure
at the wvicinity of state ¢, instrumented by the R&D tax credit. «; is state-FE, 7; is time-FE. See A for the definition of
innovation measures. Columns 4-6 of this table report the regression results of (2):

Titt+5 = BrIn(innoviy g qs) + Be Xt + i + 9t + €0

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢ to t + 5, mi¢,t45 = In Pi 445 — In Pi¢. The
vector of controls includes the (log) price level at time ¢, In P; ;. Independent variables are standardized to unit standard
deviation using unconditional moments. Standard errors in parentheses are robust to autocorrelation and heteroskedasticity,
calculated using the Newey-West procedure with a bandwidth of seven years. The sample period is 1978-2017. ***p <
0.01,%*p < 0.05,*p < 0.1.
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Table A.2: Innovation and Inflation, MSA Level

Dependent Variable: Headline Inflation

5-year 5-year 5-year

KPST8005 (Assignee Location) — 0.927***

(0.329)
Cit(20%) (Assignee Location) 1.232%%%*
(0.313)
KPSS(20%) (Assigness Location) 2.113%**
(0.323)
Observations 528 849 849
R-squared 0.788 0.814 0.829

Notes: This table reports the regression coefficients (times 100) of (2):
Tit,t+5 = B1In(innoviy g iq5) + B2 Xie + i + 7t + €

Dependent variable is equal to the growth in the (log) price level in MSA i from ¢ to
t+5, mit 45 = InYi 15 —InY; .. As before, the vector of controls includes the (log)
price level at time ¢, InY; ;. innovys} 414, is the flow of innovation measure at the
MSA i. «; is MSA-FE, v; is time-FE. See A for the definition of innovation measures.
Independent variables are standardized to unit standard deviation using uncondi-
tional moments. Standard errors in parentheses are robust to autocorrelation and
heteroskedasticity, calculated using the Newey-West procedure with a bandwidth of
seven years. The sample period is 1983-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table A.3: R&D Tax Credit and Inflation, MSA Level

Dependent Variable: Headline Inflation

5-year 5-year

RDTC 0.698**

(0.296)
RDTCapp 0.700**
(0.298)
Observations 849 849
R-squared 0.804 0.804

Notes: Columns of this table report the regres-
sion coefficients (times 100) of (5):

Titt+5 = B1RDTCyy ¢ 4 BoXi + i + 7t +€it

Dependent variable is equal to the growth in the
(log) price level in MSA i from ¢ to ¢ +5, ¢ 145 =
InY; 45 —InY; ;. The vector of controls includes
the (log) price level. In column 1, RDTC is the
simple average of R&D tax credit rate of state j
that overlap with MSA 4. In column 2, RDTCapp
is the GDP weighted average of R&D tax credit
rate of state j that overlaps with MSA 4, using
lagged GDP as weight. «; is MSA-FE, ~; is time-
FE. Independent variables are standardized to unit
standard deviation using unconditional moments.
Standard errors in parentheses are robust to auto-
correlation and heteroskedasticity, calculated us-
ing the Newey-West procedure with a bandwidth
of seven years. The sample period is 1983-2017.
***p < 0.01,%*p < 0.05,*p < 0.1.
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Table A.4: R&D Tax Credits and Median Wages

Dependent variable = Median Wages Growth

(1) (2) (3) (4)

RDTC -2.027%  -1.862*  -2.742%* _2.653%*
(1.097) (1.128) (1.291)  (1.325)
Unemployment YES YES
State FE YES YES YES YES
Year FE YES YES YES YES
Observations 695 695 951 951
Adj R2 0.533 0.535 0.572 0.572

Notes: Columns of this table report the regression coefficients (times
100) of (5):

AWitirs = B1RDTCpy p 4 BoeXie + o + e + it

Dependent variable is equal to the growth in the (log) median wages
in state i from ¢t to t + s, AW, tt4s = n W, 145 — In W, ;. The vec-
tor of controls includes the (log) median wage level at time ¢, In W ;.
RDTCy;y,; is the R&D tax credit rate at the wvicinity of state i. «; is
state-FE, ; is time-FE. Column 1 reports estimates using the unbal-
anced panel with s = 4. Column 3 reports estimates using the balanced
panel with s = 5, where missing values have been filled through linear
interpolation based on adjacent observations. Columns 2 and 4 add
unemployment rate at time ¢ as an additional control variable. Inde-
pendent variables are standardized to unit standard deviation using
unconditional moments. Standard errors in parentheses are robust to
autocorrelation and heteroskedasticity, calculated using the Newey-
West procedure with a bandwidth of seven years. The sample period
is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table A.5: R&D Tax Credits and Median Wages
Dependent variable = Median Wages Growth
(1) (2) (3) (4)

RDTC -1.337%  -1.350% -1.627%% -1.606**
(0.703) (0.708)  (0.754)  (0.756)

Unemployment YES YES
State FE YES YES YES YES
Year FE YES YES YES YES

Observations 695 695 951 951
R2 0.640 0.640 0.662 0.662

Notes: Columns of this table report the regression coefficients (times
100) of (5):

AWitirs = BiRDTCpy 4 BoXie + o + e + €t

Dependent variable is equal to the growth in the (log) median wages
in state i from ¢t to t + s, AW, 4145 = InW; 446 — InW; ;.. The vec-
tor of controls includes the (log) median wage level at time ¢, In W ;.
RDTCy;y,; is the R&D tax credit rate at the wvicinity of state i. «; is
state-FE, ¢ is time-FE. Column 1 reports estimates using the unbal-
anced panel with s = 4. Column 3 reports estimates using the balanced
panel with s = 5, where missing values have been filled through linear
interpolation based on adjacent observations. Columns 2 and 4 add
unemployment rate at time ¢ as an additional control variable. Inde-
pendent variables are standardized to unit standard deviation using
unconditional moments. Standard errors in parentheses are robust to
autocorrelation and heteroskedasticity, calculated using the Newey-
West procedure with a bandwidth of seven years. The sample period
is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.



Table A.6: IPO, Inequality and Inflation

Panel A. Number of IPO and Inflation

Headline T Inflation NT Inflation

IPO (pc)  2.612%%% 25030 0100 -0.145 4.468%** 4.308%**
(0.800)  (0.819)  (0.452) (0.455)  (1.225)  (1.267)

Unemployment NO YES NO YES NO YES
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES

Obs 951 951 951 951 951 951
Adj R2 0.773 0.775 0.798 0.799 0.762 0.764

Panel B. Number of TPO and Inequality

Top 1% Top 0.1% Top 0.01%

IPO (pc) 2.594%%  2.520%%  4.250%% 4.118%F 6.702%F*  6.387*
(1.084)  (1.098)  (1.823) (1.849)  (2.564)  (2.599)

Unemployment NO YES NO YES NO YES
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES

Obs 951 951 951 951 951 951
Adj R2 0.809 0.810 0.806 0.806 0.788 0.790

Notes: Panel A of the table reports the regression coefficients (times 100) of (57) and (58):
it t+5 = B1In(IPOgiy 4 045) + BoXit + i + v + it

Dependent variable is equal to the growth in the (log) price level in state i from ¢ to t + s,
Titi+s = I Y; 45 —InY; ¢, where Y is the price level. Control variables include (log) price level
In(Y; ). IPO(;3 1,445 is the number of IPOs normalized by the total population of the vicinity of
state ¢ from ¢ to t + 5. «; is state-FE, ; is time-FE. Unemployment is at ¢. Panel B re-estimates
the above specification with dependent variable being the inequality growth between t and t 4 5.
In all specifications, the independent variables are standardized to unit standard deviation using
unconditional moments. Standard errors in parentheses are robust to autocorrelation and het-
eroskedasticity, calculated using the Newey-West procedure with a bandwidth of seven years. The
sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table A.7: Inflation and Income Inequality

Dependent variable: Inflation

Top 10% Top 1% Top 0.1% Top 0.01%

Headline inflation 0.569 2.131%**  2.099*** 1.978***
(0.464)  (0.658)  (0.577)  (0.562)

T inflation 0.100 0.436 0.275 0.289
(0.242)  (0.369)  (0.358) (0.334)
NT inflation 0.758  3.077F*  3.126%FF  2.941%*
(0.697)  (0.984)  (0.857) (0.831)
State FE YES YES YES YES
Year FE YES YES YES YES

Notes: This table reports the regression coefficients (times 100) of (48):
Tittrs = Br(Inlseys —InTie) + BoXie + s + ¢ + €it

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢
to t+5, mi 5 = InY; 145 —InY; ;. Independent variable is the growth in the (log)
5-year average of inequality level in state ¢ from ¢ to t+5. Control variables include
(log) price levels InY;; and (log) 5-year average top income share levels In I; ;.
«; is state-FE, v is time-FE. See A for the definition of innovation measures.
Independent variables are standardized to unit standard deviation using uncondi-
tional moments. Standard errors in parentheses are robust to autocorrelation and
heteroskedasticity, calculated using the Newey-West procedure with a bandwidth
of seven years. The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table A.8: Inflation and Income Inequality

Dependent variable: Inflation

Top 10% Top 1% Top 0.1% Top 0.01%

Headline inflation  0.596  2.048%%%  2.020%%*  1.900%**
(0.472)  (0.658)  (0.577) (0.562)

T inflation 0.123 0.417 0.255 0.265
(0.244)  (0.368)  (0.358) (0.336)

NT inflation 0.778  2.930%%*  2.088%%* 2 808***
(0.710)  (0.994)  (0.868) (0.840)

Unemployment YES YES YES YES
State FE YES YES YES YES
Year FE YES YES YES YES

Notes: This table reports the regression coefficients (times 100) of (48):
Titits = P1(InTips —Inliy) + BoXie + o + v + i

Dependent variable is equal to the growth in the (log) price level in state ¢ from
ttot+5, mite45 = InYiys5 —InY;:, and unemployment rate at time ¢. Inde-
pendent variable is the growth of the (log) 5-year average of inequality level in
state ¢ from ¢ to t + 5. Control variables include (log) price levels InY;; and (log)
5-year average top income share levels In I; . «; is state-FE, ¢ is time-FE. See A
for the definition of innovation measures. Unemployment is at time ¢. Indepen-
dent variables are standardized to unit standard deviation using unconditional
moments. Standard errors in parentheses are robust to autocorrelation and het-
eroskedasticity, calculated using the Newey-West procedure with a bandwidth of
seven years. The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table A.9: Innovation and GMV Portfolio returns using IV

Growth-Value

5-Year 5-Year 5-Year

KPST8005 (Assignee Location) — 19.520%**

(5.721)
Cit(20%) (Assignee Location) 19.271%**
(6.293)
KPSS(20%) (Assignee Location) 34.066***

(8.261)

State FE YES YES YES

Year FE YES YES YES

Obs 647 938 923

Adj R2 0.492 0.419 0.388

Notes: This table reports regression results of 2SLS estimates:
Rg{ci},t,t+5 = 1 In(innovyiy ¢,e45) + BoXit + i + v + €0t

where dependent variables Rf;y ; ;y5,% € {GMV, MKT} are the portfolio returns of
local market and growth-minus-value of state ¢ between time ¢,¢ + 5. innovy ¢ ¢45
is the flow of innovation measure at the wvicinity of state i, instrumented by R&D
tax credit. All regression controls include lagged 5-year cumulative portfolio return
Ri+— 5. In columns 2 and 4 we control for unemployment rate at ¢. «; is state-FE,
~¢ is time-FE. See A for the definition of innovation measures. Independent variables
are standardized to unit standard deviation using unconditional moments. Standard
errors in parentheses are robust to autocorrelation and heteroskedasticity, calculated
using the Newey-West procedure with a bandwidth of seven years. The sample period
is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1%F**,
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Table A.10: R&D Tax Credits, Inflation and Inequality, controlling for Productivity Growth

Headline Inflation Median Income Growth Inequality Growth

RDTC 1.135%*  1.300%*  -0.847** -0.706* 1.682%F* 1. 774%**
(0.534)  (0.535)  (0.357) (0.369) (0.563) (0.571)
Unemployment YES YES YES
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Observations 951 951 837 837 951 951
Adj R2 0.796 0.799 0.719 0.726 0.827 0.828

Notes: Columns of this table report the regression coefficients (times 100) of (5):
Gitit+s = BIRDTCriy ¢ + faXip 4+ i + 7t + €

Dependent variable is equal to the growth in the (log) price level, median income, Top 1% income share in
state ¢ from ¢ to t+5, gi¢,e45 = InY; 145 —InY; , for Y € {price, median income, Top 1% income share},
and is multiplied by 100. Productivity is measured by real GDP per worker. The vector of controls
includes the (log) level at time ¢, InY; ;. Independent variable RDT'C{;y ¢ is the R&D tax credit rate
at the vicinity of state i. «a; is state-FE, ~, is time-FE. Columns 2,4,6,8 repeat columns 1,3,5,7 with
unemployment rate at time ¢ as an additional control variable. See A for the definition of innovation
measures. Independent variables are standardized to unit standard deviation using unconditional mo-
ments. Standard errors in parentheses are robust to autocorrelation and heteroskedasticity, calculated
using the Newey-West procedure with a bandwidth of seven years. The sample period is 1978-2017.
*Hkp < 0.01,%*p < 0.05,*p < 0.1.
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Table A.11: R&D Tax Credits and Inflation, Tradables vs Non-Tradables, Controlling for Productivity Growth

T NT w.o. H H
RDTC 0.573*%  0.602* 1.433* 1.681** 0.548% 0.614** 2.142* 2.955%*
(0.320) (0.320) (0.754) (0.761) (0.296) (0.292) (1.226) (1.202)
Unemployment YES YES YES YES
State FE YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES
Observations 951 951 951 951 951 951 951 951
Adj R2 0.797 0.798 0.751 0.756 0.868 0.873 0.707 0.728

Notes: Columns of this table report the regression coefficients (times 100) of (5):
Tite+5 = P1RDTCriy 4 B2 Xir 4 o + v + €4

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢ to t + 5, mi,e45 = InY; 145 —
InYj; ¢, for different components Y in Tradables(T), non-tradables (NT), headline without housing (w.o. H) and
housing (H). The vector of controls includes the (log) price level and labor productivity at time ¢, and labor
productivity growth between t and t 4+ 5. RDTCy;y ¢ is the R&D tax credit rate at the vicinity of state i. o
is state-FE, v is time-FE. Columns 2,4,6,8 add unemployment rate at time ¢ as an additional control variable.
Independent variables are standardized to unit standard deviation using unconditional moments. Standard errors
in parentheses are robust to autocorrelation and heteroskedasticity, calculated using the Newey-West procedure
with a bandwidth of seven years. The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.



Table A.12: Innovation and Inflation, Excluding Top Innovative States

Dependent variable: Headline Inflation

9-Year 5-Year 5-Year 5-Year 5-Year 5-Year
KPST8005 (Assignee Location) — 3.768***  3.788***
(0.805)  (0.818)
Cit(20%) (Assignee Location) 3.985%*%  4.055%**
(0.656)  (0.679)
KPSS(20%) (Assignee Location) 3.192%*%  3.188%**
(0.803)  (0.800)
Unemployment -1.510%** -0.895* -0.873*
(0.533) (0.478) (0.506)
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Obs 543 543 786 786 786 786
Adj R2 0.717 0.726 0.776 0.779 0.760 0.763

Notes: This table reports the regression coefficients (times 100) of (2):
Tite4s = BrIn(innov;y g iqs) + BoXie + o + 7t + €0

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢ to ¢t + 5, mit445 = InY; 145 — InYi .. As
before, the vector of controls includes the (log) price level at time ¢, InY; ;. innovy;y . ¢+, is the flow of innovation measure
at the vicinity of state i. «; is state-FE, 7 is time-FE. Unemployment rate is at t. See A for the definition of innovation
measures. Independent variables are standardized to unit standard deviation using unconditional moments. Standard errors
in parentheses are robust to autocorrelation and heteroskedasticity, calculated using the Newey-West procedure with a
bandwidth of seven years. The sample excludes the top five states with the highly cited patents: California, New York,
Illinois, Texas and Massachusetts. The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table A.13: Innovation and Inflation, Population Weighted

Dependent variable: Headline Inflation

5-Year 5-Year 5-Year 5-Year 5-Year 5-Year

KPST8005 (Assignee Location) — 3.428%F*  4.406***
(1.043)  (1.040)

Cit(20%) (Assignee Location) 3.669%**  4.453%**
(0.843)  (0.841)
KPSS(20%) (Assignee Location) 4.813%F*%  5.218%**
(0.906)  (0.920)
Unemployment S TR -1.939%** -1.539%**
(0.619) (0.544) (0.513)
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Obs 663 663 951 951 951 951
Adj R2 0.781 0.803 0.842 0.850 0.847 0.853

Notes: This table reports the regression coefficients (times 100) of (2):
Tite4s = BrIn(innov;y g iqs) + 8o X + o + 9t + €0

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢ to ¢ + 5, mit,e45 = InYi 45 — InY; ;. As
before, the vector of controls includes the (log) price level at time ¢, InY; ;. innovy;y 4.¢+, is the flow of innovation measure
at the vicinity of state i. a; is state-FE, v; is time-FE. Unemployment rate is at . See A for the definition of innovation
measures. Independent variables are standardized to unit standard deviation using unconditional moments. Standard errors
in parentheses are robust to autocorrelation and heteroskedasticity, calculated using the Newey-West procedure with a
bandwidth of seven years. We use local population at ¢ as the weight. The sample period is 1978-2017. ***p < 0.01,**p <
0.05,*p < 0.1.
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Table A.14: Innovation and Inflation, GDP weighted

Dependent variable: Headline Inflation

5-Year 5-Year 5-Year 5-Year

5-Year 5-Year

KPST8005 (Assignee Location) — 3.725%F*  4.664***
(1.000)  (1.028)
Cit(20%) (Assignee Location) 3.7T91HH*  4.607HF*
(0.854)  (0.866)
KPSS(20%) (Assignee Location)

4.916%4F 534245
(0.899)  (0.929)

Unemployment -2.842%H% -1.889%*** -1.507***
(0.666) (0.598) (0.556)
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Obs 663 663 663 951 951 951
Adj R2 0.759 0.782 0.760 0.839 0.837 0.846

Notes: This table reports the regression coefficients (times 100) of (2):

Tite4s = BrIn(innov;y g iqs) + 8o X + o + 9t + €0

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢ to ¢ + 5, mit,e45 = InYi 45 — InY; ;. As
before, the vector of controls includes the (log) price level at time ¢, InY; ;. innovy;y 4.¢+, is the flow of innovation measure
at the vicinity of state i. a; is state-FE, v; is time-FE. Unemployment rate is at . See A for the definition of innovation
measures. Independent variables are standardized to unit standard deviation using unconditional moments. Standard errors
in parentheses are robust to autocorrelation and heteroskedasticity, calculated using the Newey-West procedure with a
bandwidth of seven years. We use local GDP at t as the weight. The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p <

0.1.
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Table A.15: Innovation and Inflation, Control for Population Growth

Dependent variable: Headline Inflation

9-Year 5-Year 5-Year 5-Year 5-Year 5-Year
KPST8005 (Assignee Location) — 3.437***  3.555%**
(0.809)  (0.807)
Cit(20%) (Assignee Location) 3.257HF%  3.389%**
(0.718)  (0.714)
KPSS(20%) (Assignee Location) 3.659***  3.664***
(0.765)  (0.763)
Unemployment -1.449%** -0.778%* -0.451
(0.452) (0.406) (0.408)
State FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Obs 663 663 951 951 951 951
Adj R2 0.765 0.773 0.828 0.830 0.824 0.825

Notes: This table reports the regression coefficients (times 100) of (2):

Tite4s = BrIn(innov;y g iqs) + BoXie + o + 7t + €0

Dependent variable is equal to the growth in the (log) price level in state ¢ from ¢ to ¢t + 5, mi 145 = InY; 145 —InY; ;. The
vector of controls includes the (log) price level at time ¢, InY; ;, population growth from ¢ to ¢ + 5 and the (log) level of
population at period t. innov(;y 4 ¢4 is the flow of innovation measure at the vicinity of state i. o is state-FE, ~; is time-
FE. Unemployment rate is at . See A for the definition of innovation measures. Independent variables are standardized to
unit standard deviation using unconditional moments. Standard errors in parentheses are robust to autocorrelation and
heteroskedasticity, calculated using the Newey-West procedure with a bandwidth of seven years. The sample period is

1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Table A.16: Innovation and Income Inequality

Dependent Variable: Top Income Share

Top 10% Top 1% Top 0.1% Top 0.01%
KPST8005 (Assignee Location) — 2.075%**  4.225%**  §.520%**  8.636***
(0.506)  (0.989)  (1.566)  (2.133)
Cit(20%) (Assignee Location) — 1.998%*%*  3.303***  4.937F¢*  6.131%**
(0.379)  (0.682)  (1.066)  (1.501)
KPSS(20%) (Assignee Location) —1.480***  3.209%**  5.168***  7.104%***
(0.403)  (0.735)  (1.185)  (1.656)
State FE YES YES YES YES
Year FE YES YES YES YES

Notes: This table reports the regression coefficients (times 100) of:

In(Li+) = BrIn(innovyy ;o) + BoXie + i + ¢ + €

Here, we closely follow the specification of Aghion et al. (2018) where I; + is the top income share of
state ¢ at time ¢. Control variables include GDP per capita growth, unemployment and population
growth. innovys) 4.4, is the flow of innovation measure at the vicinity of state i. a; is state-FE, v
is time-FE. See A for the definition of innovation measures. Independent variables are standardized
to unit standard deviation using unconditional moments. Standard errors in parentheses are robust
to autocorrelation and heteroskedasticity, calculated using the Newey-West procedure with a band-
width of two years. The sample period is 1978-2017. ***p < 0.01,**p < 0.05,*p < 0.1.
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Panel A. Components of Inflation and Innovation.

Innovation measure=KPST8005 (Assignee Location) Innovation measure=Cit(20%) (Assignee Location) Innovation measure=KPSS (20%) (Assignee Location)
10 -
8 |
— — 8 . 8-
2 E E
2 6~ 2 6o 3
=% ¥ & 6 —
&0 20 &0
2 S S
g 4 g4 Eoa
= T T
=i =i =i
= = =
) i i . i i . i
0 - [ [ [ [ [ 0 - [ [ [ [ [ 0 - [ [ [ [ [
All T NT w.o. H H All T NT w.o. H H All T NT w.o. H H

Panel B. Components of Inflation and Innovation (Relative Magnitude).
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Figure A.1: Components of inflation and innovation, horizon = 5 years. Panel A of this figure reports the coefficient (times 100) of regression (2) where
independent variables are standardized to unit standard deviation. Panel B reports the coefficient (times 100) of regression (2) where both dependent and
independent variables are standardized to unit standard deviation. All: headline inflation; T: tradables; NT: non-tradables, w.o. H: headline excluding
housing; H: housing. Coefficients are reported in 100 x log points.
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Components of Inflation and RDTC.

25 —
20
2,
o 15
2
g
= 10
[av}
(e
=
5,
07 | | | | |
All T NT w.o0. H H

Figure A.2: Components of inflation and innovation, horizon = 5 years. This figure reports the coefficient (times 100) of regression (5) where both
dependent and independent variables are standardized to a unit standard deviation. All: headline inflation; T: tradables; NT: non-tradables, w.o. H:
headline excluding housing; H: housing. Coefficients are reported in 100 x log points.



Figure A.3: States with inflation data: 1978-2017. Data is from Hazell et al. (2022).
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Figure A.4: Exchange rate movement comparison. This figure reports the exchange rate growth at year
t, defined as percentage change of U.S. dollar exchange rate from ¢ to ¢t + 1, for twenty euro-zone member
countries. Y-axis is reported in 100 x percentage points. For Austria, Belgium, Finland, France, Germany,
Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, their currency movements are identical to the euro,
as they join the eurozone at inception. For nations that became part of the Eurozone post-1999, we indicate

the year they adopted the Euro. The data for the year preceding their joining is excluded due to significant
measurement inconsistencies.
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