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Essays on Capital Returns and Taxation

Abstract

Understanding the implications of taxing capital and the subsequent passthrough to the
labor market has been a major topic of interest in economics. This dissertation presents three
essays studying the return and taxation of capital. It provides theoretical underpinnings to better
understand the return on capital assets. Furthermore, it uses econometric methods to assess the

degree of capital taxation between governments, and the implications of this taxation on citizens’

welfare.
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Introduction

Economists have long been interested in understanding various aspects of the return on
and taxation of capital. The accumulation of capital correlates with overall economic growth,
although the exact mechanisms driving this relationship are hotly contested. The distribution of
capital income is a major source of overall income inequality, thereby lending to important
discussions about the equity-efficiency tradeoff of taxing capital. Furthermore, politicians and
economists alike regularly debate the mobility of capital relative to labor, which has real and
distributional implications for overall welfare. These debates about capital have led to a fruitful
interaction between theory and empirics within the economics discipline. Furthering this
productive relationship, this dissertation comprises three essays that provide theoretical
underpinnings for the return on important capital assets and empirically investigate the various
economic consequences of taxing capital.

The first essay, written jointly with Professor Robert J. Barro, assesses the hedging
properties of gold relative to other capital assets. From 1836 to 2011, gold’s average annual real
rate of price change is 1.1%, with a standard deviation of 13.1% and a negligible covariance with
consumption growth. Because gold does not serve as a hedge against macroeconomic declines,
its expected real rate of return should be close to the risk-free rate of around 1%. These
properties fit an asset-pricing model with rare disasters and a high elasticity of substitution
between gold services and ordinary consumption. In this scenario, gold’s expected rate of return
corresponds mostly to the unobserved dividend yield, with a small part comprising expected real
price appreciation.

The second essay studies the effects of corporate taxation on labor market outcomes.

Using linked German employer-employee data and variation from a locally determined corporate



income tax, | leverage a triple difference strategy to evaluate labor market outcomes for
establishments and individuals. I find that a one percentage point corporate tax increase induces
treated establishments responsible for paying the tax to contemporaneously reduce employment
by 1% relative to untreated establishments, but has no immediate effect on individual wages.
Over a three-year period, employment continues to fall while wages remain stagnant. Testing for
heterogeneous effects, | find that the wage rigidity persists across establishments operating under
a union contract and decentralized establishments without any collective bargaining agreement.
Finally, I show that the negative employment impacts are larger for small and medium size
establishments, suggesting that the effects of corporate taxation appear strongest among credit-
constrained establishments.

The third essay investigates the degree to which local government compete over capital.
The classical tax competition has often found evidence of a positive tax reaction function
between local governments; however, researchers agree that classical identification strategies
suffer from simultaneity and omitted variable bias by construction that likely bias the estimated
coefficients upward. This paper uses a 2008 federal reform that generated plausibly exogeneous
local variation in German municipal tax rates to estimate the local tax reaction function.
Differing from most classical tax competition results, this paper finds that evidence that the tax
reaction function is slightly negative, implying that local German corporate tax rates are
potentially strategic substitutes. The negative reaction function persists over a longer horizon
during which municipalities have reasonable time to adjust, implying that local governments
may compete with a combination of lower tax rates and increased public service provision rather

than relying solely on one policy instrument.



Chapter 1: Gold Returns!

1.1 Introduction

Gold has dominated monetary systems for centuries, and it plays a prominent role in
transactions among financial institutions even in modern systems that rely on fiat money.
Private holdings of gold are also important, and one source of private demand is often thought to
be gold’s role as a hedge against macroeconomic declines. In the present research, we seek to
understand these hedging properties. We find that changes in real gold prices co-vary negligibly
with growth rates of consumption and, moreover, gold has not delivered high average real
returns during macroeconomic disasters. Therefore, the expected real rate of return on gold
should be close to the risk-free rate of around 1% per year. We show that this perspective
accords with long-term data on real gold prices as assessed with an asset-pricing model applied
to gold.

We analyze the returns on gold in a Lucas-tree model that incorporates rare disasters
associated with ordinary consumption. The model is a two-tree version with reasonable
restrictions that deliver tractability: ordinary consumption and gold services are imperfect
substitutes in an effective consumption flow, the outlay on gold services is always negligible
compared to that on ordinary consumption, and disaster shocks apply directly to ordinary
consumption but not to stocks of gold. In this setting, the expected real rate of return on gold
ranges between the risk-free rate and the expected rate of return on equity if the elasticity of

substitution between ordinary consumption and gold services is between infinity and one.

1 Co-authored with Professor Robert J. Barro.



We relate the model’s predictions to empirical properties of U.S. long-term returns on
gold and other assets. From 1836 to 2011, the average real rate of price change for gold is 1.1%
per year, the standard deviation is 13.1%, and the correlation with consumption growth rates is
small in magnitude and statistically insignificantly different from zero. Moreover, for 19 OECD
countries, the average real rate of price change for gold during macroeconomic disasters is close
to that in non-disaster periods. Thus, gold has not served as a hedge against macroeconomic
declines.

A problem is that the data reveal changes in real gold prices but not the dividend yields
associated with gold’s service flows. We use the model to assess these omissions and find that
the observed average real rate of price change substantially underestimates gold’s expected real
rate of return. Nevertheless, the data on real rates of price change should provide good measures
of the uncertainty in real gold returns, including the covariances between these returns and
consumption growth rates or with other asset returns.

The model accords with long-term data on real rates of change of gold prices if the
elasticity of substitution between ordinary consumption and gold services is high. Explaining the
changing volatility of real gold prices over sub-periods requires that shocks to preferences for
gold services—particularly those that reflect gold’s monetary services—be minor under a serious

gold standard, notably 1880-1913, but large in other periods, such as 1975-2011.

1.2 A Model of Returns on Gold with Rare Disasters

The underlying demand for gold reflects a service flow proportional to the stock of gold.
This perspective matches up with gold used for non-monetary purposes—jewelry, crafts,

electronics, medicine—and also for monetary services. The latter function reflects a transactions



and liquid store-of-value benefit of the sort usually considered in analyses of the demand for
money.?

From the non-monetary perspective, gold can be viewed as any durable commodity that
provides consumption services to households. In contrast, Goldstein and Kestenbaum (2010)
report the argument of the chemist Sanat Kumar that the commodities (specifically, the naturally
occurring elements) that can readily provide monetary services are limited to a few precious
metals, with gold emerging as the most attractive. That is, gold’s prominent monetary role is not
an historical accident.

The representative household’s utility depends on an effective consumption flow,c;,
which relates to ordinary consumption, ct, and the flow of services from the gold stock, g, in a

CES form:

o—-1 o—-1 o

(1.1) ¢t =la-c® +(1—ay)- g,° o1,

where we assume 6>0 and 0<a:<1.2 The variable o can be viewed as a preference shock for
ordinary consumption compared to gold services. One source of shocks to a is a change in the
monetary role of gold. In earlier periods—at least up to 1975—these shifts sometimes reflected

movements off or on aspects of the gold standard in the United States or the rest of the world.

20ne difference between the two functions is that monetary services do not depend directly on the physical
guantity of gold but rather on the real value of that quantity in units of consumption. This consideration implies
that the service value from monetary gold depends on the relative price of consumables and gold. In this respect,
the analysis falls into the “money-in-the-utility-function” literature, originated by Sidrauski (1967), which captures
the service value of money by entering the quantity of real money balances directly into the utility function. An
analogous service flow—corresponding to liquidity benefits that may relate to maintenance of exchange rates—
attaches to monetary gold held as reserves by central banks and governments.

3The limit of the right-hand side as o approaches one is the Cobb-Douglas form, ¢, *t - g,(:=%0),

5



Given the functional form in equation (1.1), gold’s real rental price, 7 >0, equals the
ratio of the marginal utility of gold services to the marginal utility of ordinary consumption and

IS given by
9 _ (7% CtN1/o
(1.2) = (5 COYe

Hence, gold is relatively highly valued when ci/g: is high and oy is low.* This rental price
determines the unobserved dividend flow accruing to holders of gold.®

We use a “two-tree” version of the Lucas model (Lucas [1978]) to consider the evolution
of ordinary consumption, ct, and gold, g. Our model is closest to that of Piazzesi, Schneider, and
Tuzel (2007), in which the second tree corresponds to residential housing. In their model,
variations in the share of consumer expenditure directed to housing have important implications
for asset pricing. In contrast, we assume (reasonably) that the fraction of total consumer outlay
directed to gold services is always negligible and, therefore, do not get these types of effects.®

The stochastic process for per capita consumption, ct, viewed as the fruit from a Lucas

tree, takes the same form as in Barro (2006, 2009):
(1.3) log(ct+1) = log(ct) + h + U1 + Ve,

where h>0 is exogenous productivity growth and ut+1 is an i.i.d. normal shock with mean 0 and
variance 2. The number of trees is fixed, there is no possibility of loss of ownership, and the

economy is closed.

“The dependence on (c) ' is reminiscent of the treatment of leverage in Campbell (1986, p. 796) and Abel (1999,

p. 15). In their representations, dividends on stocks are proportional to c; raised to the power A, where A>1
represents leverage. In our model, the exponent is less than one in the cases that we emphasize, where c>1.

The analogous concept in Pindyck (1993) is the convenience yield from holding commodities such as gold.

5Martin (2013) also emphasizes cases in which the shares of the dividends from some assets in total consumption are
negligible. However, he assumes that the dividends from all assets are perfect substitutes in consumption,
corresponding to o being infinite in our model. Cochrane, Longstaff, and Santa Clara (2008) also construct a two-
tree model in which the consumption flows are perfect substitutes.

6



The term v+ in equation (1.3) is a disaster shock, governed by a constant Poisson arrival
probability p>0 (expressed per unit of time) and a proportionate disaster size, b>0, which is
subject to a time-invariant probability distribution. Specifically, the disaster shock vi+1 equals
log(1-b), where b>0 in a disaster state and b=0 in a non-disaster state. The realization of b>0 can
be thought of as a sharp loss in productivity or as sudden depreciation or loss of trees. The

expected growth rate, h*, of c is given from equation (1.3) as the period length approaches zero

by

(1.4) R =h+(3) 02 —p-Eb.

Let Pt be the price in units of consumables of an unlevered equity claim on a tree. The

gross, one-period return on this equity is

_ Ct41tPr4a
(15) R, = St

We assume that utility is time-additive’ and depends on c; in the usual iso-elastic way
with the curvature parameter (coefficient of relative risk aversion) y>0 and time-preference rate
p>0. To simplify the asset-pricing analysis, we make the reasonable assumption that the
preference parameter, or, and the per capita quantities of gold, gt, and consumption, ct, are always
such that the outlay on gold services, 7/ g, is negligible compared to ¢.. This condition implies
that the marginal utility of c; can be approximated by the usual ¢, *. In this case, the first-order
condition for choosing ct over time and holding assets as equity claims on trees can be

approximated using equation (1.5) as:

"With i.i.d. shocks, the main results will hold with Epstein-Zin/Weil preferences, introduced by Epstein and Zin (1989)
and Weil (1990).



(1.6) ¢, ~e P E [Ct_+y1 ' (Cm:tpm)] '

The consumption flow, ¢, is the dividend accruing to an owner of tree equity. Because
the shocks to log(ct) in equation (1.3) are i.i.d., the ratio of the consumption dividend to the
equity price, ct/Ps, will be approximately constant in equilibrium at some value denoted by d>0.
(The approximation arises because we are neglecting effects from changing ratios of c: to gt.)

Equations (1.6) and (1.3) imply the condition for d:®

(17) —~ewp|(1-y)-h—p+(5)A—-y)ei|-[1—p+p-EQ-b)'7].

Define r® to be the expectation of the rate of return on equity, R¢-1. Using equations
(1.4), (1.5), and (1.7), this expectation (constant in this model) is given, as the period length

becomes negligible, by:
(L8) r¢~ptyh’ =3y (=1 of —p [EA-b)'7 ~1-(y~1)-Eb].

We use the first-order condition for choosing c: over time and holding assets as risk-free

claims to determine the (constant) risk-free rate, denoted r':
(1.9 r/ ~p+yh* —%y(y+ Do2—p - [EQ—b)Y—1—y-Eb].
The equity premium follows from equations (1.8) and (1.9):

(1.10) r®—r/ =~yo2+p-[E(1—b)Y—E(1—-b)'"Y —Eb].

8The constancy of d in equation (1.7) means that the model fails to account for the observed volatility of dividend-
price ratios for stocks. Barro and Ursta (2012, sections 7-9) suggest that this problem can be rectified by
introducing shocks to the growth-rate parameter, h, or the disaster probability, p, as pursued, respectively, by Bansal
and Yaron (2004) and Gabaix (2012).



As in previous applications of this result (such as Barro (2006) and Barro and Ursua (2008)), we
use calibrations where the disaster term involving p on the far right is the main contributor to the
equity premium. The term involving o2 is negligible, as in Mehra and Prescott (1985).°
Consider now the pricing of gold. A unit of gold yields a dividend flow equal to the
rental price, = > 0, in equation (1.2). We assume that gold does not depreciate in a physical
sense, and there are no costs of storage or possibilities of loss of ownership. The stock of gold is
also not subject directly to the kinds of disturbances that beset the consumption trees—the
normal shock, u, and the disaster shock, v, in equation (1.3). Let P? be the price of gold in units

of consumables. The gross, one-period return on holding gold is

g g
+tPiyy

(1.11) R} = Teea™Ter

g
P

The first-order condition for choosing ct over time and holding assets as gold can be

approximated, using equation (1.11), as

g g
(112) Ct_y ~ e P- Et [Ct_+y1 . (T[t+1+Pt+1)] .

g
Pt

The assumption, as before, is that the outlay on gold is negligible compared to that on ordinary
consumption, so that the marginal utility of consumption can be approximated by the usual ¢, .

Recall that the rental price of gold, 77, is given by

1.2) T[tg = (1;_:“) . (;_tt)l/a _

°Barro (2009) shows that the form of the expression for the equity premium in equation (1.10) remains valid in this
i.i.d. case with Epstein-Zin/Weil preferences, with y representing the coefficient of relative risk aversion.



Thus, for given c;, 7 varies because of shocks to preferences, a;, and the quantity of gold, g;. If
the shocks to a: and gt are independent of c: and each other, as we assume, the dividend-price
ratio for gold, =7 /B, will be approximately constant in this i.i.d. model. Specifically, using

equation (1.2), (1.11), and (1.12), this dividend-price ratio, denoted by y, will satisfy:

- 1
(113) 1/(1+ ) = e P -E; {[(1 at“)/“t“] . (g;:l)—a . (ﬂ)(;—)’)}'

(A-ap)/at ct

We assume that the preference term, [(1-out+1)/ou+1]/[(1- at)/ou] in equation (1.13), moves
proportionately in a random-walk fashion (with no drift), independently of c: and g:. With
respect to the quantity of gold, gt, we assume that the mean growth rate of the per capita gold
stock, g, is the constant hg, which could be positive due to gold discoveries or negative due to
population growth and depreciation or loss of gold.*® We suppose further that, relative to its
drift, the term (g:+1/9:) ¢ in equation (1.13) moves proportionately as a random walk,
independently of ¢t and o™

Our assumptions imply that shocks to preferences and the quantity of gold will not affect
gold’s dividend-price ratio, y , but will create volatility in gold’s dividend, ¢ in equation (1.2),
and, therefore, in the price of and rate of return on gold. In interpreting changes over time in the
volatility of gold prices and returns, we assume that the main source of preference shocks

involves changes in the monetary services from gold. This channel associates, in particular, with

In a later section, we get a rough estimate of hq based on the long-run growth rate of the per capita world stock of
gold. The results, summarized in Figure 1.2, imply that the average growth rate from 1875 to 2011 is between 0.4%
and 0.9% per year if we neglect any loss or depreciation of the gold stock.

\We are, therefore, neglecting the longer-run endogenous response of gold mining to changes in gold prices,
possibly reflecting influences from shifts in ¢ or a; on the demand for gold. Barro (1979) considers this effect along
with other features of the classical model of the gold standard, as developed by Thornton (1802), Ricardo (1819),
Mill (1848), Fisher (1911), and Friedman (1951).

10



movements off or on the gold standard and includes changes in the demand for official gold
reserves by central banks and governments.*?

The constancy of gold’s dividend-price ratio, ¥, means, from equation (1.2), that the real
gold price, P, moves along with (c,)*/?. Thus, although the dividend from gold is not directly
subject to disasters or other shocks, its price ultimately reflects the shocks that affect
consumption trees, with the sensitivity of gold prices to these shocks depending inversely on the
elasticity of substitution, 6. Specifically, equations (1.3) and (1.13) imply that the condition for

determining y is:*3

(114) 1/@+) ~exp|(E-y)h-(3)hg—p+:C-1aE|-[1-p+p-

E(L- b)),

Define r9 to be the expectation of the rate of return on gold, R?-1. Using equations (1.2), (1.11),

and (1.14), this expected return is

(1.15) rgzp+yh*—%a§-[y-(y+1—§)]—p-[E(l—b)(%_y)—E(l—b)i—y-Eb].

L20fficial gold reserves are quantitatively important compared to the total world stock of gold. Figure 1.1 shows
that the share of the world’s gold stock held as official reserves by central banks and governments was less than
10% in 1877 but rose to a peak of 50-60% at the end of World War 11 in 1945. Then this share fell to around 20% in
2011. Our measure of official gold reserves is incomplete because holdings by some countries—notably China and
the Soviet Union in some periods—are excluded in standard estimates. A more comprehensive measure of
monetary gold would also include amounts held privately as minted coins and bullion. As an example, gold in
monetary circulation was roughly equal to official gold reserves in 1903 and about half of these reserves in 1913
(using data from U.S. Treasury Department, Bureau of the Mint [1904, p. 324; 1915, p. 454]). We lack a long time
series on a broad concept of monetary gold that includes amounts held privately as coins and bullion.

13As discussed in n.7, the constancy of the dividend-price ratio, d, for stocks in equation (1.7) means that the model
fails to account for the observed volatility of this ratio. Similar issues may arise with respect to the constancy of
gold’s dividend-price ratio, y, in equation (1.14). However, because gold’s dividend is unobservable, we lack
measures of the volatility of x. In any event, as for stocks, gold’s dividend-price ratio might be volatile because of
shocks to the growth-rate parameter, h, and the disaster probability, p.
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The expected rate of return on gold, r9 in equation (1.15), can be compared with the
expected rate of return on equity, r® from equation (1.8), or the risk-free rate, r’ from equation

(1.9). When compared to the return on equity, the result is:
e 2 (o-1 1- L G-7)
(116) ¢ =79 ~yoZ - (Z2) +p-[1 - Eb— E(1— b)Y = E(1 — b)a + E(1 — b)),
When compared to the risk-free rate, the result is:

L17) 79— 1/ ~ (¥) 02 +p- [EQA - bYo — EQL - )™) — 14 B~ b) 7.

g

The comparison of gold returns with other returns depends on o, the elasticity of
substitution between gold services and ordinary consumption in the effective consumption flow
in equation (1.1). When o=1, returns on gold mimic the returns on equity, so that 7 —r9 =0 in
equation (1.16), and r9 — r/in equation (1.17) equals the equity premium, r¢ — 77, in
equation (1.10). As o approaches infinity, the rental price of gold, ¢ in equation (1.2), becomes
unresponsive to ci/g:, and gold becomes risk-free. Therefore, r9 — /=0 in equation (1.17), and
r¢ — r9 in equation (1.16) equals the equity premium, ¢ — r/, in equation (1.10). In other
words, depending on the value of ¢ in the range where 6>1, the expected rate of return on gold
ranges between the expected rate of return on (unlevered) equity, ré, and the risk-free rate, .14
To put it another way, given a measure of the expected rate of return on gold, r®—and assuming
that this value lies between rf and r*—there is a value of 6>1 that makes that observation
consistent with the model.

In the present model, there is no 6>0 that generates an expected rate of return on gold, r9,

below the risk-free rate, r. That is, gold never serves as enough of a disaster hedge so that its

141f 6<1, gold is riskier than equity, and r9 exceeds re.
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risk premium would be negative. This conclusion might change if the shocks to preferences, ax,
or the quantity of gold, gt, co-varied in a particular way with consumption, c:. However, since
the empirically observed covariance between consumption growth and the growth rate of real

gold prices is small, it is unclear that one wants to add these complications to generate ro<r,

13



Figure 1.1 Share of Official Gold Reserves in World Gold Stock

—— 1492 stock =0
1 / ---- 1492 stock =9528 tons

Note: The graphs show the ratio of gold held by central banks and governments to the total
world stock. The blue graph assumes that the world gold stock in 1492 equals zero. The red
graph assumes that this stock equals 9528 tons, the reported cumulative production from 1493 to
1875 (see Figure 1.2).

Sources: The world gold stock comes from the sources detailed in the notes to Figure 1.2. Data
on official gold reserves of central banks and governments are from Soetbeer (1887, pp. 180-
181); U.S. Treasury Department, Bureau of the Mint (various years); Board of Governors of the
Federal Reserve System (1943, 1976); League of Nations (various years); and International
Financial Statistics. These sources exclude holdings over some periods at least by China and the
Soviet Union.
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1.3 An lllustrative Calibration

We use a calibration of the model based on an updated version of the analysis of

macroeconomic disasters in Barro and Ursta (2008). Thus, we assume the following:

rf=0.011 per year,
r® = 0.059 per year,

h = 0.025 per year,

ou = 0.02 per year,
p = 0.037 per year,
y=3.34,

p =0.027 per year,
Eb =0.208,
E(1-b)” =3.62,

E(1-b)" = 2.16.

The values related to disaster sizes, b, derive from the observed size distribution of
macroeconomic disasters in the long-term history across countries based on short-term declines
in real per capita GDP by at least 10%.° (See Barro and Ursta [2008] and Barro and Jin
[2011].) The value for p comes from the observed probability per year of entering into these
disaster states. Equation (1.4) and the assumed parameter values imply that the expected growth

rate of real per capita GDP and consumption is h*=0.0175 per year.

Results are similar using declines in real per capita consumer expenditure, but the sample is smaller because of
missing data on consumer expenditure.
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The value y=3.34 was chosen to match the formula in equation (1.10) with the specified
(unlevered) equity premium, ré-r'=0.048 per year. Matching r’=0.011 in equation (1.9) turns out
to require p=0.027 per year. We assume this value for p, although comparisons among the
various rates of return do not depend on p (or h*). We consider below the extension of this
calibration exercise to returns on gold.

As mentioned before, we estimate the long-term per capita growth rate of the gold stock,
hg, by using data on world gold production, as described in the notes to Figure 1.2. The data
before 1875, including an estimate of cumulative world production from 1493 to 1875, are from
Soetbeer (1887). The reported cumulative stock of world gold production (assuming no
depreciation or loss) from 1493 to 2011 is 155,922 metric tons.

The calculations of stocks of gold require an initial stock in 1492, which is apparently
subject to controversy, as noted in GoldMoney Foundation (2012). If we take this stock to be
close to zero, we end up with the time series for world gold per capita since 1875 shown by the
lower graph in Figure 1.2. To get a plausible range of possibilities, we assume as an alternative
that the world gold stock in 1493 equals the reported cumulative production from 1493 to 1875

(9528 metric tons). In this case, we get the upper graph in Figure 1.2.1

15The numbers on the per capita gold stock since 1875 were calculated using a time series for world population
based on McEvedy and Jones (1978) and World Development Indicators. The WDI data were used for annual
numbers since 1960, and the McEvedy-Jones data at 25-year intervals were used before 1960. The growth rate of
world population from 1875 to 2011 is 1.17% per year.
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Figure 1.2 World Gold Stock per Person, 1875-2011

25.0

22.5

20.0

17.5 H

15.0 -’

12.5

—— 1492 stock =0

10.0 -——- 1492 stock = 9528 tons

metric tons per million persons
\

Note: The blue graph assumes that the gold stock in 1492 equals zero. The red graph assumes
that this stock equals 9528 tons, the reported cumulative production from 1493 to 1875. The
calculations for the stock after 1492 use the available gold production data (annual since 1876
and at longer intervals before 1876), assuming zero depreciation and loss on the existing stock.

Sources:

Gold production data. 1493-1884: Soetbeer (1887, Tables 1 and 2, pp. 76-78). 1885-1899: U.S.
Treasury Department, Bureau of the Mint (various years). 1900-2011: U.S. Geological Survey
(2010; 2012, p. 67).

Population data. World population since 1960 is based on annual data from World Development
Indicators. Earlier numbers are based on data at 25-year intervals from McEvedy and Jones
(1978).
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The average growth rate of world gold per capita from 1875 to 2011 is 0.88% per year
based on the lower graph in Figure 1.2 and 0.42% per year based on the upper graph. Hence,
0.4%-0.9% per year provides a reasonable range for gold’s long-term per capita growth rate if
we assume that stocks had zero depreciation and loss. However, even with small rates of
depreciation and loss, the long-term per capita growth rate of the world gold stock could be zero

or slightly negative. We take hg=0 in our main calculations.

1.4 Missing Data on Dividends

A problem in matching the model with data on asset returns is that dividend yields are
missing for commodities such as gold, silver, and copper. To assess this issue, consider first how
the returns on equity divide up between a dividend yield and a price-appreciation term. The

gross return on equity is

_ Ce+1tPeyq
(1.4) R, = St

Using the definition of the dividend-price ratio as d=ci/P;, the rate of return, R1, on equity can

be expressed as:
= (&2 Cer1
(1.18) R,—1=d (Ct)+(6t 1.

The first term on the right-hand side is approximately the dividend yield, and the second term is
the rate of price change (because Pt always moves in the same proportion as ct). As the length of
the period approaches zero, the first term on the right-hand side of equation (1.17) approaches d,

and the uncertainty about this term is negligible.}” Hence, with short periods, nearly all of the

"The dividend can jump in the model when a disaster occurs. However, the probability, p, of a jump occurring
during a period becomes negligible as the length of the period approaches zero.
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uncertainty about the rate of return is concentrated into the second term, which reflects price
changes.

We know the expectation of the rate of return in equation (1.18) from the formula for r®
in equation (1.8). The first term on the right-hand side comes from the formula for d in equation
(1.7). The expectation of the second term—the expected growth rate of consumption—equals
h*, given in equation (1.4).

In the calibration of the model, we had r°=0.059 per year and h*=0.0175 per year. Hence,
the dividend yield was 0.0415 per year (a result that can be verified from the formula for d in
equation [1.7]). To put it another way, 30% of the overall expected rate of return on equity
reflects expected real price appreciation and 70% represents the dividend yield. Hence, omitting
the dividend yield is a major problem for matching the model’s expected rate of return to the
data. In contrast, all of the model’s uncertainty is concentrated into the price-appreciation term,
with none appearing in the dividend yield. Therefore, data on asset returns exclusive of dividend
yields would be satisfactory for gauging standard deviations of returns and covariances of returns
with consumption growth rates and among assets.

We can check this theoretical reasoning against U.S. data on stock returns. Using a total-
return stock-market index and a consumer price index (provided by Global Financial Data), the
average (arithmetic) real rate of return from 1836 to 2011 was 7.4% per year, with a standard
deviation of 16.1%.'® (Note that these data refer to levered returns, rather than the unlevered
ones considered in the model.) In contrast, if one uses only stock-price-index data, thereby
omitting dividends, the average rate of return was 2.5% with a standard deviation of 15.4%.

Therefore, the omission of dividends has a major effect on the average rate of return—with only

8These results are based on stock-return indexes and CPI’s averaged over each year, as used in Table 1.1.
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2.5 of the total 7.4 percentage points or 34% captured by real price appreciation.’® In contrast,
the standard deviation of the price-change series, 15.4%, is close to that for total returns, 16.1%.
Moreover, the covariance of the growth rate of per capita consumption (personal consumer
expenditure) with the total-return series is 0.00224 (correlation of 0.36),2° compared to 0.00229
(correlation of 0.39) with the price-change series. Therefore, the covariance and correlation
computed from the price-change series are close to those calculated from total returns. Hence, as
found theoretically, the price-change series captures well the uncertainty in stock returns—and
this result holds even though the dividend-price ratio is not constant in the data (unlike in the
model), and the data are analyzed annually, rather than at a higher frequency.

The model’s implications for dividend yield and price appreciation are analogous for
gold. The gross return on gold, R/, is defined in equation (1.11), the dividend on gold, 7/, is
given by equation (1.2), and the dividend-price ratio, ¥, is determined from equation (1.14).
Analogous to equation (1.18), the real rate of return on gold, RY — 1, can be broken down into a
dividend yield and a price-appreciation term:

g g
9 _ 1 — o . (Ttt1 Tey1
(1.19) RI—1=y (—ng)+ - D).

t
As before, the first term on the right-hand side approaches the dividend-price ratio, y, as the
length of the period becomes negligible. The second term, which reflects real gold-price
appreciation, is more complicated than before because 7y depends on (f)l/ g,
t

Analogous to equity returns, when the length of the period is negligible, all of the

uncertainty about gold returns is concentrated into the price-appreciation term (the second part of

19This kind of effect from the omission of dividends on measured mean real stock returns is well known; see, for
example, Jorion and Goetzmann (1999, Table I11).
20See Table 1.2.
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the right-hand side of equation [1.19]), and none appears in the dividend-yield term (the first
term). Therefore, the available data on real gold-price appreciation should provide good
information about the standard deviation of gold returns and about the covariances of these
returns with consumption growth rates and with other asset returns.

We know the expectation of the rate of return on gold in equation (1.19) from the formula
for r¥ in equation (1.15). The first term on the right-hand side—approximately the dividend
yield—comes from the formula for y in equation (1.14). The expectation of the second term can
be determined as:

4z e(Epo1)= Q)0 )~ Qo () e tiomr-1e

t

E(1 - b)7].

If 6=1, this term equals h*-hg, whereas if ¢ is infinite, this term equals zero.

Observations on the mean growth rate of real gold prices provide measures of the left-
hand side of equation (1.20). Then, if we use our previous specification of parameters other than
o on the right-hand side, we can derive the o needed to equate the right-hand side to the left-hand
side. As discussed in the next section, the mean growth rate of U.S. real gold prices from 1836
to 2011 is 1.1% per year (based on the U.S. dollar gold price and consumer price indexes).
However, the annual standard deviation of the growth rate of real gold prices is 13.1%, which
corresponds to a standard deviation for the mean over 176 years of 1.0% per year. Therefore, a
one-standard-deviation confidence interval for the mean growth rate of U.S. real gold prices is
roughly (0.1%, 2.1%). This range for the left-hand side of equation (1.19) turns out to
correspond on the right-hand side to a wide interval for the estimated o: from 16 to 0.84. The

corresponding range for r9 (from equation [1.16]) is 1.6% to 6.4%, and the share of the
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unobserved dividend yield in this expected return (based on equation [1.15]) goes from 94% to
67%.2! The bottom line is that this method fails, by itself, to provide a precise estimate of gold’s
unobserved dividend yield and, thereby, the expected real rate of return on gold. In the next
section, we bring in additional information from the observed covariance between changes in

real gold prices and consumption growth.
1.5 Empirical Regularities on Gold Returns

1.5.1 Means and standard deviations

We apply the model empirically by focusing on the historical patterns for real gold
returns, gauged by rates of change of real gold prices. Tables 1.1-1.4 provide statistics from U.S.
data for 1836-2011. Aside from gold returns, the tables consider real returns on two other
commodities (silver and copper), returns on three types of financial assets (stocks, 10-year
bonds, and Treasury Bills??), inflation rates, and growth rates of real per capita consumption and
GDP. The starting date was chosen based on the available data on U.S. consumption (personal
consumer expenditure).

All real returns in Tables 1.1-1.4 are computed from a U.S. perspective, including the
deflation of U.S. dollar commodity prices by U.S. consumer price indexes. We think of the real
U.S. dollar returns on commodities as determined on world markets. In particular, we think
about real gold returns as reflecting shifts to world supply and demand, some of which are

captured in Figures 1.1 and 1.2.

2pindyck (1993, Figure 4 and Table 4) estimates the dividend yield (percentage net basis) on gold and other
commodities using spot and futures prices for periods when liquid futures markets exist. He infers that the average
dividend yield for gold for 1975-1989 was 0.4% per year and remained below 3% except for a spike in 1981.
22Data on T-Bill returns are available for 1919-2011.
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Tables 1.1-1.4 cover four sub-periods, 1836-1879, 1880-1913, 1914-1974, and
1975-2011, chosen to reflect changes in the international regimes for gold and silver.?® The
period 1880-1913 is the highpoint of the world gold standard, featuring a nearly constant U.S.
dollar price of gold (Figure 1.32%). We think of this period as exhibiting comparatively low
volatility in the demand for gold, as reflected in the preference term, (1-ox)/ot, which enters into

the gold dividend in equation (1.2).

ZErb and Harvey (2013) emphasize the period since 1975, following the lifting of U.S. restrictions on holdings of
monetary gold by U.S. citizens. These authors focus on effects on the real price of gold from inflation, exchange-
rate movements, and tail risks.

24Figure 1.4 shows the real gold price (U.S. dollar price divided by the U.S. consumer price index, with the real gold
price in 1800 set to 1.0).
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Table 1.1 U.S. Real Asset Returns:

Means and Standard Deviations

1) (2) 3) (4) ) (6) ) (8) ) (10)
Period Gold Silver Copper Stocks T-Bills | 10-Year | Inflation C GDP
Bonds Rate growth | growth

1836-2011 | 0.0112 0.0123 0.0091 0.0740 | 0.00971 | 0.0287 0.0225 0.0159 0.0191
(0.1306) | (0.1788) | (0.1703) | (0.1607) | (0.0431) | (0.0766) | (0.0542) | (0.0385) | (0.0467)
1836-1879 | -0.0008 | -0.0041 0.0046 0.0760 -- 0.0446 0.0067 0.0118 0.0143
(0.0819) | (0.0808) | (0.1137) | (0.1553) -- (0.0887) | (0.0727) | (0.0484) | (0.0345)
1880-1913 | -0.0102 | -0.0261 | -0.0138 0.0626 -- 0.0262 0.0109 0.0129 0.0186
(0.0257) | (0.0686) | (0.1518) | (0.1251) -- (0.0412) | (0.0263) | (0.0393) | (0.0453)
1914-1974 | 0.0145 0.0219 0.0140 0.0779 | 0.00727% | 0.0087 0.0283 0.0180 0.0239
(0.1338) | (0.1792) | (0.1707) | (0.1933) | (0.0523) | (0.0723) | (0.0580) | (0.0399) | (0.0641)
1975-2011 | 0.0398 0.0511 0.0274 0.0753 0.0134 0.0450 0.0421 0.0201 0.0175
(0.2074) | (0.2937) | (0.2346) | (0.1410) | (0.0238) | (0.0871) | (0.0291) | (0.0163) | (0.0201)

$1920-2011

+11920-1974
Notes to Table 1.1

The return on gold refers to the growth rate of real gold prices, calculated arithmetically for each year as: -1 + (gold
price/CPI)/[gold price (-1)/CPI(-1)], where (-1) indicates an annual lag. The U.S. dollar gold price comes from Global Financial Data
(GFD). The number up to 1933 is the official price set by the U.S government, except for 1861-1878, when the data come from
Commercial and Financial Chronicle. Data after 1933 are from Commodity Research Bureau, Commodity Yearbook. The CPI values
reported by GFD derive from the BLS consumer price index for urban consumers since 1913. Data before 1913 are based on
information from the Federal Reserve Bank of New York, including monthly data since 1875 described in Snyder (1924). The gold
price used for each year is the average of daily or monthly values during the year. The CPI value used for each year since 1875 is the
average of monthly values during the year. Only annual data on consumer prices are available before 1875.
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Notes to Table 1.1 (continued)

The real silver and copper returns are computed analogously, based on averages of daily or monthly U.S. dollar silver and
copper prices. The silver prices reported by GFD come from Officer (2008), Warren and Pearson (1937), and Commaodity Research
Bureau, Commodity Yearbook. Recent New York quotes are from Handy and Harman. The copper prices reported by GFD come
from Bezanson (1936, 1954), Metal Statistics, The Financial Review, the National Bureau of Economic Research, American Metal
Market, and the New York Mercantile Exchange.

The real stock return is computed analogously, based on averages of daily or monthly nominal total-return indexes computed
by GFD for the S&P 500. Values before 1971 are based on GFD estimates of total-return indexes comparable to the S&P 500.

The real T-Bill return is computed analogously, based on averages of monthly nominal total-return indexes for 90-day U.S.
Treasury Bills. The estimates of total returns from GFD since 1929 derive from yields on 90-day bills. Estimates from 1919 to 1928
are based on yields on short-term U.S. Treasury bonds.

The real return on 10-year U.S. government bonds is computed analogously, based on averages of monthly nominal total-
return indexes for U.S. government bonds with roughly 10-year remaining maturity. Values from 1919-1940 are based on the Federal
Reserve’s 10-15 year Treasury bond index. Values before 1919 are based on various long-term U.S. government bonds. Data for
1836 to 1841 are from Boston city bonds.

The inflation rate is calculated as -1 + CPI/CPI(-1), using the CPI data described above.

Consumption (C) and GDP growth are real per capita growth rates calculated arithmetically from the Barro-Ursia annual data
on real per capita personal consumer expenditure and GDP, available at www.rbarro.com/data-sets.
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Table 1.2 Covariances [Correlations] of Real Asset Returns

with Consumption Growth Rates

(O] ) (©) (4) ©) (6) @) (8)
Period Gold Silver Copper Stock T-Bill 10-Year Inflation
Bond rate
1836-2011 -0.0002 0.0008 0.0014* 0.0022* -0.0003} 0.0004 -0.0001
(-.0086, .0036) (-.0001, .0017) | (0.0005,0.0024) | (.0012,.0034) (-.0009, .0002) | (-.0002,.0010) | (-.0005,.0003)
[-0.05] [0.11] [0.22%] [0.36%] [-0.217% [0.12] [-0.03]
(-.20, .10) (-.03, .26) (0.09, 0.35) (.23, .49) (-.52, .20) (-.07, .30) (-.22,.17)
1836-1879 0.0002 0.0002 -0.0001 0.0016 -- 0.0014 -0.0009
(-.0009, .0014) (-.0008, .0014) | (-0.0016, 0.0015) | (-.0007,.0041) (.0000, .0034) (-.0019, .0002)
[0.05] [0.04] [-0.02] [0.22] - [0.34] [-0.26]
(-.26, .32) (-.27, .32) (-0.31, 0.28) (-.10, .53) (-.01, .59) (-.50, .00)
1880-1913 -0.0004* 0.0004 0.0012 0.0020* -- 0.0001 0.0004*
(-.0009, -.0002) (-.0005, .0013) | (-0.0007,0.0034) | (.0004,.0036) (-.0005, .0007) (.0000, .0010)
[-0.42%] [0.14] [0.20] [0.42%] - [0.05] [0.43%]
(-.67, -.10) (-.21, .44) (-0.12, 0.51) (.10, .64) (-.30, .41) (.02, .70)
1914-1974 -0.0001 0.0019 0.0032* 0.0036* -0.00067+ -0.0002 0.0002
(-.0013, .0011) (-.0003, .0043) | (0.0011,0.0051) | (.0013,.0062) (-.0015, .0003) (-.0012, .0008) (-.0006, .0010)
[-0.02] [0.27] [0.47%] [0.47%] [-0.28]F1 [-0.07] [0.07]
(-.26, .23) (-.05, .59) (0.19,0.71) (.20, .67) (-.62,.19) (-39, .31) (-.33, .42)
1975-2011 -0.0011 -0.0004 0.0006 0.0010* 0.0001 0.0003 -0.0001
(-.0027, .0002) (-.0020, .0011) | (-0.0003, 0.0014) | (.0002,.0019) (.0000, .0002) (-.0002, .0008) | (-.0003,.0001)
[-0.33] [-0.08] [0.15] [0.44%] [0.31] [0.21] [-0.23]
(-.62,.07) (-.41, .27) (-0.10, 0.37) (.13, .69) (-.03, .59) (-.18, .51) (-57, .20)

*Statistically significant at 5% level.

$1920-2011
+11920-1974
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Table 1.3 Covariances [Correlations] of Real Asset Returns with GDP Growth Rates

(O] ) (©) (4) ©) (6) @) (8)
Period Gold Silver Copper Stock T-Bill 10-Year Inflation
Bond rate
1836-2011 -0.0005 0.0004 0.0020* 0.0029* -0.0007% -0.0002 0.0003
(-.0012, .0003) (-.0008, .0016) | (0.0009, 0.0033) | (.0016,.0043) (-.0015, .0000) (-.0007, .0003) (-.0002, .0007)
[-0.07] [0.05] [0.26*] [0.39%] [-0.32]F [-0.06] [0.11]
(-.19,.04) (-.10, .21) (0.11, 0.39) (.22, .54) (-.59, .03) (-.20, .09) (-.07,.28)
1836-1879 -0.0001 -0.0001 0.0004 0.0025* -- 0.0005 -0.0003
(-.0011, .0011) (-.0011, .0011) | (-0.0010,0.0018) | (.0010,.0041) (-.0003, .0012) (-.0011, .0005)
[-0.03] [-0.02] [0.10] [0.47%] -- [0.16] [-0.14]
(-.41, .33) (-.41, .35) (-0.26, 0.45) (.25, .67) (-.11, .43) (-.45, .20)
1880-1913 -0.0004 0.0008 0.0020 0.0036* -- 0.0004 0.0004
(-.0009, .0000) (-.0004, .0020) | (-0.0006, 0.0050) | (.0017,.0055) (-.0003, .0010) (.0000, .0009)
[-0.34] [0.25] [0.29] [0.65*] -- [0.20] [0.34]
(-.61,.01) (-.15, .56) (-0.10, 0.60) (.43, .80) (-.16, .52) (-.02, .61)
1914-1974 -0.0006 0.0008 0.0039* 0.0038* -0.00127F -0.0009 0.0008
(-.0022, .0010) (-.0025, .0041) | (0.0010, 0.0067) (.0004, .0079) (-.0025, .0001) (-.0022, .0003) (-.0003, .0020)
[-0.07] [0.07] [0.35%] [0.32%] [-0.36]Ft [-0.20] [0.21]
(-.27,.13) (-.21, .39) (0.11, 0.58) (.03, .56) (-.67,.02) (-.46,.08) (-.10, .50)
1975-2011 -0.0008 -0.0001 0.0011 0.0012* 0.0001 -0.0001 -0.0001
(-.0025, .0007) (-.0019, .0016) | (-0.0002,0.0023) | (.0002, .0022) (-.0001, .0003) (-.0006, .0005) (-.0003, .0002)
[-0.19] [-0.01] [0.23] [0.43*] [0.16] [-0.05] [-0.10]
(-53,.19) (-.34,.30) (-0.05, 0.47) (.10, .68) (-.26, .55) (-39, .28) (-.46, .32)

*Statistically significant at 5% level.

$1920-2011
+$1920-1974




Table 1.4 Covariances [Correlations] of Real Gold Returns with other Real Asset Returns

()] (2) (©) (4) ©) (6) @)
Period Silver Copper Stock T-Bill 10-Year Inflation
Bond rate
1836-2011 0.0167* 0.0062* 0.0001 -0.00017 0.0007 -0.0009
(.0089, .0260) | (0.0025,0.0104) | (-.0028,.0039) (-.0013, .0011) (-.0016, .0027) (-.0023, .0008)
[0.71%] 0.28* [0.03] [-0.01]F [0.07] [-0.13]
(.58, .81) (0.13, 0.44) (-.13, .20) (-.19, .16) (-.14, .31) (-.38, .09)
1836-1879 0.0065* 0.0047* 0.0056* -- 0.0037* -0.0024
(.0031, .0116) | (0.0014,0.0084) | (.0023,.0108) (.0011, .0063) (-.0052, .0004)
[0.98+] [0.50%] [0.44%] - [0.51%] [-0.41]
(.95, .995) (0.22,0.72) (.21, .63) (.21,.75) (-.83, .05)
1880-1913 -0.0001 -0.0012* -0.0003 -- 0.0006* -0.0007*
(-.0006, .0004) | (-0.0023,0.0000) | (-.0013,.0008) (.0003, .0009) (-.0010, -.0004)
[-0.05] [-0.30%] [-0.09] - [0.60%] [-0.999%]
(-.36, .28) (-0.55, -0.01) (-.41, .26) (.35, .80) (-.9997, -.9992)
1914-1974 0.0124* 0.0035 -0.0003 0.0016*f+ 0.0026 -0.0020
(.0012, .0259) | (-0.0018, 0.0094) | (-.0089,.0078) (.0002, .0031) (-.0001, .0052) (-.0042, .0004)
[0.52*] [0.15] [-0.01] [0.23*]+F [0.27] [-0.26]
(.09, .74) (-0.11, 0.38) (-.30, .35) (.02, .53) (.00, .66) (-.66, .05)
1975-2011 0.0505* 0.0187* -0.0033 -0.0027* -0.0061 0.0014
(.0227,.0810) | (0.0055,0.0340) | (-.0096,.0029) | (-.0045,-.0011) | (-.0153,.0017) (-.0021, .0058)
[0.83*] [0.38%] [-0.11] [-0.55%] [-0.34] [0.24]
(.72, .91) (0.13, 0.65) (-.36,.12) (-.76, -.30) (-.68,.12) (-.54, .66)

*Statistically significant at 5% level.

$1920-2011

+$1920-1974

The data on real asset returns, inflation rates, and growth rates of consumption and GDP are described in the notes to Table
1.1. Table 1.2 applies to covariances and correlations (shown in brackets) of changes in real gold prices with the growth rate of per
capita consumption. Table 1.3 applies to the growth rate of per capita GDP. 95% confidence intervals are in parentheses below each
sample value for covariance or correlation. These intervals were generated from percentile-method bootstraps with 100,000 iterations.
Table 1.4 shows the covariances and correlations (shown in brackets) of changes in real gold prices with real asset returns and the

Notes to Tables 1.2-1.4

inflation rate. 95% confidence intervals were constructed as described above.
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Figure 1.3 U.S. Dollar Gold Price, annual average, 1790-1971
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Note: See the notes to Table 1.1 for the sources of data on annual-average U.S. dollar gold
prices. After 1971, the U.S. dollar gold price became highly variable, reaching an annual
average of $613 for 1980 and $1573 for 2011.
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Figure 1.4 Real Gold Price, annual average, 1800-2011
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Note: See the notes to Table 1.1 for the sources of data on annual average U.S. dollar
gold prices and consumer price indexes. Units are U.S. dollar price, divided by U.S. CPI.
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For 1836-1879, many countries, including the United Kingdom and United States, had
monetary systems linked to gold or silver for much of the sample. However, a suspension of
U.S. currency convertibility occurred near the beginning of the Civil War in 1861, with full
convertibility restored in 1879. We view this period as having greater volatility than 1880-1913
in the demand for monetary gold. However, even in 1880-1913, countries retained the option to
move off gold under various circumstances, especially during wars. For example, the United
Kingdom suspended convertibility of the currency in 1797 during the long period of wars with
France and did not restore convertibility until 1821.

In the 1914-1974 period, many countries moved off the gold standard during World
War I, with resumptions and subsequent departures occurring in the 1920s and 1930s. The
United States maintained aspects of the gold standard throughout this period, but a rise in the
nominal gold price and a prohibition on large holdings of monetary gold by U.S. citizens
occurred in 1933. In 1971, the United States formally dropped its commitment to foreign central
banks to convert U.S. dollars into gold at a fixed dollar price. Then at the beginning of 1975, the
United States lifted restrictions on private holdings of monetary gold. We view the partial
prohibition on holdings of monetary gold by U.S. citizens for 1933-1974 as a shock to the
preference parameter ot, which relates to gold’s dividend in equation (1.2).

In the 1975-2011 period, gold retained a commodity-reserve role for central banks but
one that was largely divorced from domestic monetary systems. We think that the elimination of
the anchor provided by the gold standard led to an increase in the volatility of the demand for

monetary gold, as reflected in the preference term (1-ox)/ax in equation (1.2).
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Over the full sample, 1836-2011, the mean real rates of price change on gold, silver, and
copper are similar—1.1%, 1.2%, and 0.9% per year, respectively, in columns 2-4 of Table 1.1.%
The standard deviations of the real rates of price change for gold, silver, and copper over the full
sample—13.1%, 17.9%, and 17.0%, respectively—are also similar and close to that on stocks
(16.1%).

For gold, the standard deviation of real rates of price change depends strongly on the sub-
period. For example, the standard deviation for 1880-1913 is 2.6% per year,?® whereas that for
1975-2011 is 20.7%, higher than that for stocks (14.1%). We think that this pattern relates to the
changing monetary role of gold; specifically, preference shocks related to gold’s monetary
services seem to be much smaller under a serious gold standard (1880-1913) than at a time
(1975-2011) when gold’s monetary role was much less clearly defined. The periods 1836-1879
and 1914-1974 then have intermediate volatility (standard deviations of 8.2% and 13.4%,
respectively) because the world monetary system involved an important role for gold but one that
was less central than that for 1880-1913.

Note, further, that the time pattern for the standard deviation of gold’s real rate of price
change differs sharply from that for copper. Copper’s standard deviation evolved much more
smoothly over time—11.4% for 1836-1879, 15.2% for 1880-1913, 17.1% for 1914-1974, and
23.5% for 1975-2011. In particular, the presence of a serious gold standard for 1880-1913 had
no obvious impact on the standard deviation of copper’ real rate of price change. Our inference

is that the changing volatility of gold’s real rate of price change derives mainly from the shifting

We can cover a much longer period using U.K. data. Using information from Global Financial Data on nominal
gold and silver prices and retail price indexes, the mean real rates of price change from 1258 to 2011 on gold and
silver, respectively, are 0.8% per year (s.d.=11.9%) and 0.8% (s.d.=13.9%).

%Since the nominal gold price was essentially constant (Figure 1.3), this pattern reflects the behaviour of inflation
(Table 1.1, column 8).
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monetary role of gold and not from other time-related changes in the economy (which would
also likely have affected copper).

When compared with earlier times, the most recent sub-period, 1975-2011, shows a
substantially higher mean and standard deviation of gold’s real rate of price change—4.0% and
20.7%, respectively. Although the increase in volatility is clear, the change in the mean is less
sure because it is hard to pin down the expected value when the volatility is this high. If the
annual standard deviation were known to be 20.7% (the sample value), the standard error of the
mean over 37 years would be 3.4%. That is, the observed mean real rate of price change of 4.0%
for 1975-2011 is not statistically significantly different from zero (or from the mean rates of
change in earlier periods) at typical significance levels. Given this result, it seems best to focus

our analysis on statistics for gold’s expected real returns over the full sample, 1836-2011.

1.5.2 Covariances of gold returns with consumption and GDP growth rates

For matching the model to the data, a critical consideration is the covariance of real gold
returns (real rates of price change) with consumption growth. In the model, gold’s expected rate
of return, r9, depends on o, the elasticity of substitution between gold services and ordinary
consumption. If 6>1, 19 varies between the expected return on equity, ré, and the risk-free rate, r'.
Notably, r¢ cannot fall below r’ because gold returns do not co-vary negatively with consumption
growth. This property of the model would deviate from reality if it turned out that the covariance
between gold’s real rate of price change and the consumption growth rate were substantially
negative. In contrast, if this covariance is small in magnitude (as seems to be true), gold does not
serve as a substantial hedge against macroeconomic declines, and its expected rate of return

should be close to the risk-free rate.
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Tables 1.2 and 1.3 show sample covariances and correlations of the various U.S. real
rates of return and inflation rates with, respectively, the growth rates of real per capita
consumption (personal consumer expenditure) and GDP. Also included are 95% confidence
intervals for these statistics, based on bootstrap methods.

For 1836-2011, the key finding in Table 1.2, column 2, is that the covariance of real gold
returns with consumption growth is small, -0.0002 (with a correlation of -0.05), not statistically
significantly different from zero. This negligible covariance implies that the expected real rate
of return on gold, r9, should be close to the risk-free rate, which is around 1.0%, based on the
sample mean of real returns on U.S. Treasury Bills (Table 1.1, column 6).%’

Another approach to gauging whether gold is empirically a hedge against macroeconomic
declines is to focus on the behavior of gold’s real rates of price change during the worst
macroeconomic outcomes; that is, the rare disasters studied in previous research. Among the
185 disasters isolated over the long term for 40 countries, we were able to estimate real returns
on gold for 56 of these cases, applying to 19 OECD countries. The calculated average annual
real rate of price change for gold in each country during a disaster was based on the time paths of
the world dollar price of gold, the nominal exchange rate between the home currency and the
U.S. dollar, and the consumer price index for the home country. This calculation neglects
restrictions on buying and selling gold (at the world dollar price) and also ignores controls on
currency exchanges or the general price level. (These controls might mean that actual
transactions typically could not be made at the stated prices.)

For 14 OECD countries with data on exchange rates and CPIs back to 1880, gold’s mean

real rate of price change was 1.5% per year. For the 56 macro disasters with the necessary data

2"The sample covariance of real T-Bill returns with consumption growth for 1920-2011 is essentially zero (Table
1.2a, column 6).
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(applying to 19 countries), gold’s mean real rate of price change during the disaster periods was
2.1% per year.?® Since the standard deviation of these gold returns was 22%, gold’s mean real
rate of price change during the macroeconomic disasters was not statistically significantly
different from the overall mean.?® Therefore, the bottom line from the disaster experience is
consistent with the long-term U.S. finding that gold does not serve regularly as a hedge against
bad macroeconomic outcomes.*

To match the model with this feature of the data, we need a value of ¢ (the elasticity of
substitution between gold services and ordinary consumption) that is high enough to get r® close
to r’. Specifically, we found before that the long-term sample mean of gold’s real rate of price
change—1.1% per year, with a one-standard-deviation confidence interval of roughly
(0.1%, 2.1%)—required o to fall into the range from 16 to 0.84. Low values of ¢ within this
range are inconsistent with r9 being close to r. For example, using equation (1.15), o=1 implies
r9=5.9% (the same as the expected return on unlevered equity), and 6=2 implies r9 =4.0%.
Therefore, with a risk-free rate around 1.0%, the risk premia on gold implied by these low values
of ¢ are inconsistent with the observed negligible covariance of gold’s real rate of price change
with consumption growth.

The high end of the range for o produces more satisfactory results. For example, c=10

generates r9=1.8%, with an expected rate of change of real gold prices of 0.2%, and 6=16

A problem with this calculation is that, because of price controls and restrictions on currency exchanges, the
reported CPls and exchange rates are particularly likely not to reflect true transaction prices during disasters—
especially war-related disasters.

2The disaster sample has 21 war-related periods with a mean real rate of price change for gold of -0.8% per year
(standard deviation of 22%) and 35 non-war periods with a mean of 3.8% (standard deviation of 22%). The
difference between the means in war and non-war disasters is not statistically significantly different from zero.
OHowever, “T-Bills” performed worse than gold as a hedge against the macroeconomic disasters. For the 49 OECD
cases with data on returns on both gold and T-Bills, the mean real rate of return on T-Bills was -4.6% per year,
compared to 1.5% for gold. The mean of the differences in these returns has a t-statistic of 2.1, p-value = 0.044.
The T-Bill returns had a mean of -6.6% per year in wartime disasters (associated with high inflation) and -3.2% in
non-wars (heavily influenced by the value -97% in 1923 during the German hyperinflation).
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generates r9=1.6%, with an expected rate of change of real gold prices of 0.1%. Hence,
specifications with high values of ¢ generate values of rf that are only small amounts above the
estimated risk-free rate of 1.0%, while also producing expected rates of change of real gold
prices within the one-standard-error band of (0.1%, 2.1%). A notable feature of these results is
that the bulk of gold’s expected return comes from the unobserved dividend yield, with only a
small part reflecting the expected real rate of price change.

These results depend on the negligible observed covariance between gold’s real rate of
price change and consumption growth in the long-term data. However, this pattern does not
apply to all commodities; in particular, in the U.S. data, the long-run covariance and correlation
between copper’s real rate of price change and consumption growth are significantly positive—
0.0014 and 0.22, respectively, for 1836-2011 in Table 1.2, column 4. This pattern likely arises
because copper plays a more important role than gold in the production of overall goods and

services.

1.5.3 Covariances between gold returns and other asset returns

In the model, with i.i.d. shocks to GDP and consumption, the covariance between real
gold returns and the growth rates of GDP and consumption is positive but small if the elasticity
of substitution, o, is high. The same prediction applies to the covariance between real gold
returns and real stock returns.

Table 1.4 shows covariances and correlations of growth rates of real gold prices with real
asset returns and inflation rates for 1836-2011 and the various sub-periods. For stock returns
(column 4), the covariance is negligible over the full sample. As discussed before, this result

accords with the model if ¢ is high.
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In the model, the real T-bill return is constant and equals the short-term risk-free rate, and
the real term structure is flat. Hence, the model predicts zero covariance between real gold
returns and real returns on T-Bills or 10-year government bonds. This prediction would change
if we bring in effects of inflation on assets such as conventional government bonds with pay-outs
denominated in nominal units.

In Table 1.4, columns 5 and 6, the covariance between changes in real gold prices and
real returns on the two forms of government securities is positive for sub-periods between 1836
and 1974 and negative for 1975-2011. These covariances are statistically significantly different
from zero at the 5% level for 10-year bonds for 1836-1879 and 1880-1913 and for T-Bills for
1920-1974 and 1975-2011. The results are nearly statistically significant at the 5% level for 10-
year bonds for 1914-1974 and 1975-2011.

The empirical relation between changes in real gold prices and real returns on
government securities likely derives from effects of inflation on the real value of assets—
conventional Treasury bonds and T-Bills—that are denominated in nominal terms. The
covariances between the real returns on the two forms of government securities and inflation are
strongly negative for the overall sample, 1836-2011, and the various sub-periods. The
covariances between gold’s real rate of price change and inflation are also negative in periods
where the nominal gold price is virtually constant (1880-1913) or has some element of nominal
pegging (1836-1879 and 1914-1974)—as shown in Table 1.4, column 7. This pattern for
inflation creates positive correlation between the real returns on government securities and gold
over the sub-periods from 1836 to 1974 (columns 5 and 6). From 1975 to 2011, there is no
longer nominal pegging of gold prices, and the covariance between real gold returns and

inflation becomes positive, though not statistically significantly different from zero (column 7).
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This changed pattern between real gold returns and inflation likely explains why the covariances
between real gold returns and real returns on the two forms of government securities are negative
in this period.

The covariance between changes in real gold and silver prices (Table 1.3, column 2) is
significantly positive except during the high point of the classical gold standard from 1880 to
1913. In this period, the nominal price of gold, but not silver, was essentially constant. For
1836-1879, the correlation between changes in real gold and silver prices is close to one, because
the ratio of gold to silver nominal prices changes little, reflecting the bimetallic standard that was
partially maintained in the United Kingdom and the United States. The ratio of gold to silver
prices from 1790 to 2011 is shown in Figure 1.5. For 1836-1879, this ratio varies relatively little
around the median for that sub-period of 16.0.%

Figure 1.5 also shows the ratio of world stocks of silver to world stocks of gold for
1790-2011. This ratio falls from 34 in 1840 to 19 in 1875 (partly due to gold discoveries), then
trends downward further to 9 in 2011.% This pattern in the quantity ratio does not align in an
obvious way with the fluctuations in the price ratio. An interesting extension would relate the
price and quantity ratios to exogenous changes in the relative supplies of and demands for these

two precious metals.

3INevertheless, the changes in the U.S. mint ratio in 1834 and 1853 and the full demonetization of silver in 1873 (the
“crime of 1873”) received a lot of attention—see Laughlin (1894, Chs. IV, V, and VII).
32The estimated stock of silver in 2011 is 1,371,239 metric tons.
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Figure 1.5 Ratios of Gold to Silver Prices and Quantities
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Note: See the notes to Table 1.1 for the sources of data on annual average U.S. dollar gold and
silver prices for 1790-2011. The accumulated stock of world gold comes from the sources
detailed in the notes to Figure 1.2. Figure 1.5 uses the series corresponding to a world stock of
zero in 1492 (see Figure 1.2). The sources for the data on world production of silver since 1493
are the same as those for gold. Figure 1.5 uses a series corresponding to a world stock of silver
equal to zero in 1492 and assumes zero depreciation and loss on the existing stock. The
underlying data on world gold and silver production are annual since 1876 and at 5-, 10-, or 20-
year intervals from 1790 to 1875.
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1.6 Summary Observations

Our main objective was to match empirical regularities for real gold returns with the
predictions from a simple asset-pricing model. As to regularities, we observe first that, from
1836 to 2011, the U.S. average of gold’s real rate of price change is 1.1% per year with a
standard deviation of 13.1%, implying a one-standard-deviation confidence band for the mean of
roughly (0.1%, 2.1%). Second, over the same period, the covariance of gold’s real rate of price
change with consumption growth is small and statistically insignificantly different from zero.
This negligible covariance implies that gold should carry a negligible risk premium; that is,
gold’s expected real rate of return—which includes an unobserved dividend yield—should be
close to the risk-free rate, estimated from real returns on Treasury Bills to be around 1.0%.
Third, the volatility of the growth rate of real gold prices is small under the classical gold
standard from 1880 to 1913 but high—comparable to that on stocks—in other periods, including
1975 to 2011.

Key features of our model are, first, ordinary consumption and gold services are
imperfect substitutes for the representative household; second, outlays on gold services are
always minor compared to ordinary consumption; and third, disaster and other shocks impinge
directly on consumption and GDP but not on stocks of gold. With a high elasticity of
substitution, ¢, between gold services and ordinary consumption, the model can generate a mean
real rate of price change toward the lower end of the observed one-standard-deviation confidence
band, (0.1%, 2.1%), along with a small risk premium for gold. In this scenario, the bulk of
gold’s expected real rate of return reflects the unobserved dividend yield and only a small part
comprises expected real price appreciation. Nevertheless, the uncertainty in gold returns is

concentrated in the price-change component.
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The model accords with the time-varying volatility of real gold prices if preference
shocks associated with gold’s monetary services relate inversely to the extent that the gold
standard was maintained. In particular, we need that these preference shocks were small during
the high point of the world gold standard, 1880-1913, but much larger in 1975-2011, likely
because gold’s monetary role was less central than in earlier periods. A promising extension
would explore more deeply the nature of the preference shocks that seem to generate a volatility
of real gold prices that is inversely related to the extent to which the gold standard was followed

and, relatedly, the degree to which nominal gold prices were pegged.
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Chapter 2: The Labor Market Effects of Corporate Taxation:
Evidence from Germany

2.1 Introduction

Economists have long debated the real effects of corporate taxation on economic growth,
as well as the distributional consequences of whether firm owners bear most of its tax burden, or
pass it onto workers through lower wages and fewer employment opportunities. Analyzing the
effects of corporate taxation is of paramount importance, especially in the wake of the recently
enacted United States Tax Cuts and Jobs Act of 2018 (TCJA), and in the midst of ongoing
discussions of implementing a Common Consolidated Corporate Tax Base (CCCTB) in the
European Union. Understanding the effects of corporate taxation directs economists,
policymakers, and citizens toward an answer of whether the corporate income tax provides
revenue that buffers the most indigent citizens against harsh poverty, or if it instead aggravates
the poor in the form of less income, fewer opportunities, and greater inequality. Starting from the
seminal work of Harberger (1962), traditional views of incidence argue that more mobile factor
will bear less of a burden; however, previous empirical estimates of labor and capital mobility
have been limited by insufficient policy variation, limited microdata availability, and the
difficulty of identifying plausibly exogenous variation in corporate tax policy that does not

correlate with local conditions or alternative policies.

This paper causally estimates the effects of corporate taxation on employment and wages
by exploiting extensive local corporate tax variation in Germany. Each of the roughly 12,000
municipalities in Germany sets its own local corporate tax rate, known as the German Trade
Tax. The Trade Tax varies widely across municipalities and over time: there have been 24,000

changes in the Trade Tax over the 2000-2012 period. Furthermore, the Trade Tax is a sector-
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specific tax that only bills two-thirds of the businesses in the economy that participate within a
“covered sector,” which consists primarily of businesses in manufacturing, wholesale and retail
trade, and specialized private services. As a result, businesses in the “uncovered” sector that are
not responsible for paying the Trade Tax bill provide an attractive control group for comparing
outcomes over time. | link these Trade Tax rates to a representative linked employer-employee
panel, which enables me to classify the covered and uncovered sectors and subsequently track

labor market responses to tax changes over time.

To achieve identification, | leverage a triple difference strategy to estimate the
contemporaneous and dynamic effects of changes in local corporate tax rates on labor market
outcomes. The “double” difference component exploits the rich cross-sectional variation in Trade
Tax rates to compare economic outcomes across areas over time to tackle the challenge of
limited tax policy variation. Furthermore, the “triple” difference component compares outcomes
in the covered sector relative to the trajectory of economic activity in the uncovered sector,
which effectively serves as a “control” group that does not pay the statutory Trade Tax bill but
does face the same local economic conditions and alternative policy reforms as the “treated”
covered sector. This triple difference research design enables me to convincingly attribute the
economic responses to corporate tax rate changes rather than to other biasing forces. Using this
variation within an area in a particular year, | estimate local projection regressions over
sequential annual horizons to assess the dynamic effects of corporate tax rate changes on

establishment and individual outcomes.

| find that higher corporate taxation has strong negative effects on total employment,
inducing establishments to reduce employment by 1% in the short-run, and by 4.5% over a three-

year period. In stark contrast, | find that corporate taxation has no significant effect on individual
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wages in the short-run or over time. After documenting the robustness of these results, I exploit
the detailed microdata to explore potential heterogeneity that may unpack the mechanisms
driving these labor market effects. Investigating the role of labor market frictions, I show that the
employment effects are similarly negative for both unionized and decentralized establishments
over time, while the wage results do not differ significantly from zero for workers at either type
of establishment. Finally, | explore the role of financial frictions in driving the overall results by
testing for heterogeneous effects by establishment size, which inversely serves as a proxy for
credit constraints. | find that higher corporate taxation induces small and medium sized
establishments to reduce full-time employment by significantly more than the larger
establishments in the sample, though none of the size groups appears to significantly adjust

wages.

This paper contributes to a recent surge in the use of microdata to study the effects of
taxation on business and individual outcomes. Specifically, this paper joins a series of papers
utilizing the variation in the German Trade Tax to study the impact on wages (Fuest et al. 2018,
Bauer et al. 2012), and employment (Siegloch 2014), though none of the previous studies links
the two outcomes directly. Empirically, this paper also relates to an analogous literature studying
the effects of U.S. state corporate tax changes on economic activity, including Suérez Serrato and

Zidar (2016); Giroud and Rauh (2019); and Ljunggvist and Smolyansky (2014).

Furthermore, this paper joins a literature that investigates the properties of German wage-
setting institutions, as well as the possible impacts of wage rigidities on labor market outcomes.
Dustmann et al. (2009), Card et al. (2013) and Dustmann et al. (2014) specifically study the

impacts of the German labor market setting on wage inequality. Moreover, Schmitt-Grohé and
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Uribe (2016), Daly and Hobijn (2014), and Chodorow-Reich and Wieland (2199) emphasize the

effects of nominal wage rigidity in influencing labor market decisions and reallocation.

Finally, this paper joins a body of work that considers the role of financial frictions in
influencing business outcomes. Fazzari et al. (1988) provides a classical study of the role of
credit constraints in influencing “excess sensitivity” to cash flow. Gertler and Gilchrist (1994)
initiate the use of firm size as a proxy for financial frictions. Finally, Chodorow-Reich (2014),
Schoefer (2015), and Melcangi (2018) provide recent empirical contributions documenting how

imperfect capital markets can influence employment outcomes.

The remainder of the paper is structured as follows. Section 2.2 discusses key aspects of
the German local corporate tax setting and the linked employer-employee data used to assess
labor market outcomes. Section 2.3 proposes a simple framework to illustrate how a tax on
corporate capital may pass onto labor markets. Section 2.4 details the identification strategy to
estimate contemporaneous and dynamic effects of taxation. Section 2.5 discusses the main
results, while Section 2.6 looks deeper into the mechanisms driving the key effects. Finally,

Section 2.7 concludes.

2.2 Institutional Setting and Data

2.2.1 German Trade Tax Structure

The German constitution divides governmental authority between three levels: the federal
level, the state level, and the municipal level. While the federal government and the 16 state
governments work together to administer the country’s primary executive and legislative
activity, each of the roughly 12,000 German municipalities has its own local governmental body

that administers social assistance programs, fosters cultural activities, and provides public
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utilities to its residents. Each municipal government primarily derives revenue from setting its
own local corporate tax rate, known as the German Trade Tax. All eligible establishments
residing in a particular municipality are responsible for paying the Trade Tax to their local
municipal government. The Trade Tax bill for firms operating in multiple municipalities is
apportioned based on the relative wage bill share that the firm pays to employees in each
municipality. Municipalities can only adjust the Trade Tax rate: the tax base is determined by the
federal government. In general, the wage bill is fully deductible from Trade Tax responsibility,
but capital costs are not tax-deductible, implying that Trade Tax is not a pure profit tax, but

instead serves effectively as a tax on capital.

Critically for my research design, the Trade Tax is a sector-specific tax. The primary
industries responsible for paying the Trade Tax, which I refer to as the “covered sector,” consist
of manufacturing, construction, wholesale and retail, transportation, and certain services such as
financial or real estate activity. The “uncovered” sector consist of businesses in industries that
are not responsible for paying the statutory Trade Tax. The uncovered sector includes
agriculture, forestry, fishing, education, health and human services, legal services, and
accounting services. Overall, roughly two-thirds of German establishments are in the covered

sector.

Table 2.1 provides summary statistics of the Trade Tax. Over the years 2000-2012, the
average Trade Tax rate across municipalities was 15%, the same level as the federal corporate

tax rate from 2008 onwards. Figure 2.1A shows that there is substantial variation in the Trade

Tax rate and changes across Germany. In particular, the large city states, i.e. Hamburg and
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Berlin, and municipalities in North Rhine Westphalia have particularly high Trade Tax rates.
However, since | use panel data for my key analysis, | identify off Trade Tax changes rather than
Trade Tax levels. Figure 2.1B shows the total percentage change in the Trade Tax across

municipalities from 2000-2012, showing that the overall variation differs substantially across

Germany.
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Figure 2.1 Variation in German Local Corporate Tax Rates Across Municipalities Over Time

A. Trade Tax Rates in 2006 B. Total Percentage Change in Tax Rates, 2000-2012
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Notes: Figure illustrates cross sectional and time series variation in German Trade Tax rates. Panel A shows the Trade Tax levels in
2006 using the official German municipal borders defined as of December 31, 2006. Panel B displays the total percentage point
change in the Trade Tax rate between the beginning of 2000 (or earliest year available) and 2012 using the official borders defined as
of December 31, 2012. Data Source: Trade Tax rates from 2000-2012 provided by the Federal Statistical Office.
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Table 2.1 Summary Stats of German Local Corporate Tax Rates, 2000-2012

A. Trade Tax Levels

Year # of Municipalities Mean SD  Min Q1 Median Q3 Max
2000 13,835 1597 1.95 0 15 16 17 45
2001 13,415 16.1 1.89 0 15 16 17.5 45
2002 13,207 16.19 1.9 0 15 16 17.5 45
2003 12,953 16.3 1.94 0 15 16.35 175 45
2004 12,395 16.46 186 10 15 16.5 17.5 45
2005 12,324 16.55 187 10 15 16.5 17.5 45
2006 12,297 16.61 186 10 15 16.5 17.5 45
2007 12,257 16.65 185 10 15.35 16.5 17.5 45
2008 12,220 11.68 1.29 7 10.85 11.55 1225 315
2009 11,992 11.72 1.28 7 10.85 11.55 12.32 315
2010 11,441 11.83 1.27 7 10.85 11.9 12.32 315
2011 11,294 12.03 1.27 7 11.2 12.25 126 315
2012 11,224 12.15 1.27 7 11.2 12.25 1295 315
Avg. 12,373 15 2 6 13 15 16 40
B. Trade Tax Changes
Tax Increases Tax Decreases
Year  #Changes | #Inc. Mean Med SD | #Dec. Mean Med SD
2000 1,131 1,000 0.98 06 1.00 131 -1.9 -1 2.34
2001 1,536 1,382 1.01 05 094 154 -1.3 -1.1 1.23
2002 1,066 968 1.14 1 0.97 98 -2.6 -15 297
2003 1,189 1,116 1.15 1 0.84 73 -2.4 -1 3.15
2004 1,056 994 1.14 1 1.02 63 -2.0 -1 2.32
2005 1,371 1,284 1.04 1 0.82 87 -1.7 -1 1.95
2006 1,011 898 1.03 05 098 113 -1.4 -1 1.66
2007 506 413 1.03 0.75 0.89 93 -1.2 -1 1.28
2008 11,718 6 0.48 05 018 | 11,712 -4.9 -495 0.61
2009 575 442 0.93 0.7 0.72 134 -0.8 -0.665 0.75
2010 1,106 1,001 1.02 0.7 0.82 105 -0.6 -0.35 0.82
2011 2,090 2,024 1.01 0.7 0.77 66 -0.5 -0.35 0.50
2012 1,513 1,442 0.94 0.7 0.75 71 -0.6 -0.35 0.87
Avg 1,990 998 1 1 1 992 -2 -1 2

Notes: Table provides Trade Tax summary statistics for all German municipalities. Panel A summarizes
Trade Tax levels set by each municipality. Panel B summarizes the implied tax changes. The Federal
Government imposed a minimum rate of 10% in 2004, which it reduced to 7% in 2008. The last row
calculates unweighted averages across years 2000-2012. Data Source: Trade Tax rates from 2000-2012
provided by the Federal Statistical Office.
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In 2004, the federal government instituted a minimum Trade Tax rate of 10%, though it
ranged as high as 45% in the full sample of German municipalities. Before 2008, vast majority of
Trade Tax changes were increases. However, in 2008, the federal government reduced the
minimum Trade Tax rate to 7%, inducing a substantial tax decrease across practically every
municipality in the country. Therefore, Figure 2.2 shows that the Trade Tax provides a
particularly attractive setting to study changes in corporate tax rates as it provides a wide
distribution of 24,000 rate changes, split almost evenly between increases and decreases. The

average Trade Tax increase is 1% while the average Trade Tax decrease is 2% in the sample.
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Figure 2.2 Distribution of Local Corporate Tax Changes, 2000-2012
A. Municipal-Level Tax Changes
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B. Weighted District-Level Tax Changes
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Notes: Figure illustrates the distribution of Trade Tax changes from 2000-2012. Panel A
displays the municipal-level tax changes. Panel B displays implied district-level tax changes
calculated by weighting each district’s municipal-level changes by the number of establishments
in each municipality for a given year. There are 24,306 total tax changes from 2000-2012 (12,207
increases and 12,099 decreases), implying 4,501 weighted district-level changes (3,618 increases
and 883 decreases). The figure excludes 34 changes outside of the [-8%, 8%] range for visual
clarity. Data Source: Trade Tax rates from 2000-2012 provided by the Federal Statistical Office;
establishment counts provided by the IAB.
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Finally, Figure 2.3A shows the serial correlation in Trade Tax changes from 2000-2012.
In general, after a 1 percentage point tax increase has occurred, the tax rate seems to fall
gradually, with a half-life of roughly 7 years. Indeed, Figure 2.3B suggests that after 8 years the
changes essentially stabilize, suggesting that overall, the Trade Tax changes are relatively
permanent. Thus, | interpret the estimated impulse response functions of various outcomes in

subsequent sections as corresponding to relatively persistent tax changes.
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Figure 2.3 Serial Correlation and Dynamics of Local Corporate Tax Changes

A. Serial Correlation of Tax Changes
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Notes: Figure illustrates the serial correlation and implied cumulative response of Trade Tax
changes from 2000-2012. Panel A reports the coefficients 8, from estimating the regression:

Tmt+h — Tmt+h-1 — ﬁh [Tm,t - Tm,t—l] +ap + €mh >
where m indexes each municipality, ¢indexes the year. Panel B displays the cumulative

coefficients Sy = YH_, Bp, i.e. the sum of the coefficients from Panel A. Data Source: Trade Tax
rates from 2000-2012 provided by the Federal Statistical Office.
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2.2.2 Linked Employer-Employee Data

| use a linked employer-employee data provided by the German Institute for Employment
Research (IAB) called the LIAB Longitudinal dataset. The LIAB is comprised of the IAB
Establishment Panel, which is a 1% representative panel survey of roughly 18,000 German
establishments each year. Importantly, I use the panel’s rich combination of administrative
employment data with its survey information detailing the organizational structure, union
contract status, and industry of the each establishment to assess the effects of Trade Tax changes
on a range of labor market outcomes stratifying various covariates. Importantly, | use the
industry code to assign each establishment to the covered or uncovered sector for my primary
research design that compares relative outcomes in these sectors across areas. One issue is that
the LIAB does not contain each establishment’s municipality; instead, it contains the more
aggregated district that each establishment is located in. Thus, when merging Trade Tax rates to
each establishment, | calculate a district-level tax rate by weighting each municipal tax rate in a
district by the number of establishments in the municipality. An important limitation of the IAB
Establishment panel is that the identifiers each represent an establishment rather than a firm, and
it is not possible to link establishments to the same firm in the data, thereby preventing a rigorous
analysis of firm reallocation or establishment relocation as conducted by Giroud and Rauh

(2019).

For a select sample of the IAB Establishment Panel, the LIAB provides full employment
histories of all employees who ever worked for one of these establishments between the years
2000-2012 and were covered by the German social security system. The social security
notifications provide a “daily” wage that corresponds to the employee’s total earnings over a

notification period divided by the number of calendar days corresponding to the notification.
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This extensive employment history is particularly attractive because it enables me to track
individual’s wages both while they work both for a member of the IAB Establishment Panel and
beyond in case they potentially leave in response to corporate taxation. Furthermore, the data
contain detailed information on age, gender, and education level that enable me to study the

potential differential responses to tax changes.

One consideration is that because the data are based on administrative social security
notifications, they do not cover civil servants or self-employed workers, which account 18% of
the workforce.®® Furthermore, a small share (between 5-10%) of high-wage earner’s earnings are
censored as there is maximum social security contribution limit. I assign the high-wage earners
this maximum level and confirm that excluding the censored individual wages does not

substantially affect my primary results.

2.2.3 Sample Selection and Timing

For establishment-level analysis, | use the IAB Establishment Panel with available panel
years between 2000-2012 to fully assess the effects of corporate tax changes on employment. For
worker-level analysis, | follow Card et al. (2013) by primarily analyzing full-time employees
because of the lack of data on hours worked in the LIAB, which enables me to easily scale their

daily wage into monthly or annualized earnings. | deflate all real variables by the

2008 German CPI. | convert all nominal variables to real variables using the 2008 German CPI
provided by the German Federal Statistical Office. Table 2.2 summarizes the key establishment

and individual sample. 68% of the establishments and corresponding employees belong to the

33 Jager (2016) estimates this share of the workforce not covered by social security based on data from the German
Federal Statistical Office.
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covered sector, implying that while the uncovered sector is smaller, it still appears large enough
to serve as an appropriate control group for within-area analysis of tax changes on the covered
sector. Roughly half of the establishments are bound to a collectively bargaining agreement
(CBA). Most of these union contracts are negotiated at the industry level, though 7% of the
establishments are part of firm-level CBAs. A large proportion (73%) of the establishments are
single-unit establishments, while 85% of the establishments in the sample have less than 250
employees. These small establishments, commonly referred to as the Mittelstand, have attracted
special attention as they represent a substantially large proportion of German employment (61%)

than similarly-sized businesses in the United States (43%).3*

34 Jager (2016) calculates these shares using Eurostat data.
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Table 2.2 Summary Statistics of German Employer-Employee Sample, 2000-2012

A. Summary Statistics of Labor Market Variables Within Each Sector

Covered Sector  Uncovered Sector Full Sample

Establishment Sample N 12,335 5,799 18,134
Total Employment Mean 157 184 166
Count Median 18 30 21

SD 1,137 667 1,005
Employee Sample N 114,935 52,878 167,813
Individual Monthly Mean 3,413 2,709 3,063
Wage (Euros) Median 3,348 2,334 3,164

SD 1,285 1,179 1,295

B. Cross Tabulation of Establishment Shares by Establishment Type and Sector

Covered Sector Uncovered Sector Full Sample

Total Share of Establishments 68% 32% 100%
Union Contract Type Industry 27% 15% 42%

Firm 4% 3% 7%

None 37% 14% 51%
Organizational Single-Unit 53% 20% 73.0%
Structure Multi-Unit 15% 12% 27.0%
Size (Number of 1-49 44% 18% 62.0%
Employees) 50-249 14% 8% 22.0%

250+ 10% 6% 16.0%

Notes: Table provides summary statistics of the linked employer-employee LIAB sample. Panel A depicts
the summary statistics of establishment-level employment counts as well as the individual-level real
wages of all full-time employees in the sample from 2000-2012. | calculate real wages by converting the
raw nominal daily wages to real 2008 euros using the German CPI provided by the Federal Statistical
Office, and then multiply the daily real wage by 30 days to obtain the monthly wage. Panel B summarizes
the share of establishments in the sample that fit into each cell of a descriptor. Data Source: IAB LIAB
linked employer-employee data.
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Finally, I comment on the timing administrative data and of Trade Tax statutes. The annual
variables in the LIAB (i.e. employment counts and wage data) are based on June 30 of the given
reference year. Municipalities must determine the Trade Tax for a given year by May 31 of that
particular year to apply. However, in practice, municipal councils determine the Trade Tax for a
given year between November of the preceding year and February of the given year. Therefore,
since Trade Tax rates are typically announced at least 5 months before the June 30 reference date
of the LIAB data, | assess contemporaneous effects of corporate tax changes by comparing

relative outcomes in the year of and the year preceding a tax change.

2.3 Conceptual Framework

Following the literature modeling corporate taxation (e.g. Fullerton and Metcalf 2002,
Desai et al. 2007), I outline a simple framework to depict the conditions under which higher
corporate taxation induces establishments to reduce employment. Suppose an establishment in a
particular location with access to a neoclassical production technology F(K,L) chooses optimal
capital level K*and optimal employment level L* by maximizing profits subject to a corporate tax

T.

(2.1) maximize M= -17)[F(K,L) —wL] —rK.

K,L

Differentiating with respect to K implies that the establishment optimally chooses capital
K*and employment L* by setting the marginal product of capital equal to the user cost of
capital:

Fi(K*, L") =
(2.2) RIBLET=T

=
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Equation 2.2 highlights that a higher tax rate z effectively increases the user cost of capital on the
right-hand-side, which will in-turn encourage the establishment to adjust its inputs. Furthermore,
differentiating with respect to L implies that the establishment sets the marginal product of labor

equal to the real wage:

(2.3) FL(K*L*) = w.

Under the condition of wage rigidity, the wage on the right-hand-side of Equation 2.3 is
fixed. Thus, by totally differentiating Equations 2.2 and 2.3 with respect to the corporate tax rate

z under the assumption that the wage rate and capital rental rate are rigid, we can substitute an

. af . il . . . .
expression for 4 into an expression for i+ to obtain the degree to which the establishment adjusts

employment with respect to the corporate tax rate:

dl. —7r - LKL
= W 1 : . - v < )
(2.4) dr (1—-7)*- [f'h'n Frp — (Fre }"]]

Equation 2.4 depicts the key insight from the corporate taxation literature: if employees
productively use capital to create output for the establishment (i.e. Fk. > 0), then a higher
corporate tax rate will increase the effective user cost of capital, thereby inducing establishments
to reduce their capital stock. With less capital, employees are no longer as efficient in producing
output, so if establishments are unable to reduce wages, they in turn will reduce their total

employment count.
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2.4 Empirical Methods: Triple Difference Strategy

2.4.1 Short-Run Effects of Taxation on Employment

Following the literature analyzing establishment-level outcomes (e.g. Chodorow-Reich
2014), define the change in total employment L at establishment j between yearst—1and t + h

by the symmetric growth rate:

(2.5) o Ly Ly
dpt—104+h “"._J'I‘r‘_,l_l'-ﬁ | ‘r-_.'-' |-_

The symmetric growth rate is a second-order approximation of the log-difference growth
rate around O bounded between [-2,2] that allows for establishment entry and exit. The index h

indexes the change over different annual horizons.

| assess the contemporaneous effect of a corporate tax change on employment between

yearst— 1 andt (i.e. h = 0) by estimating the following triple difference specification:

(2.6) .4,1'.:,". —1.¢ i‘n . I'I 1 _&: 1§ T ','.'”' ‘B & "‘_. ' R oy \ it T Uiy,

where establishment j is located in district d in year t, and 1;€ is a dummy variable equal to 1 if

the establishment is in the covered sector.®

The key explanatory tax variable is Azgt= 7dt— 7dt-1, Where zq¢ € [0,1] is the
establishment-weighted average of the Trade Tax rates for all municipalities located in district d
in year t. While the LIAB only provides establishment locations at the district-level, the

establishment-weighted average provides consistent estimates on a representative sample of g

351 restrict attention to establishments that never switch their covered status or reported district, which
characterizes 99% of the establishments in the LIAB, thereby obviating the need for separate establishment and district
fixed effects or a time subscript for the covered dummy.
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due to the Conditional Expectation Function Prediction Property.3® Therefore, fo represents a
semi-elasticity, i.e. the percentage growth in total employment with respect to a 1% point
increase in the corporate tax rate.

Identification comes from the term pq, representing a district-year fixed effect, implying
that | leverage only the variation within a district in a particular year across the treated” covered
sector and the “non-treated” uncovered sector. All primary specifications include a state-covered-
year fixed effect Js ¢ that accounts for differential employment changes by the covered and
uncovered sectors over time, as well as for state-administered fiscal transfers across sectors.
Taking differences filters out time-invariant employment determinants specific to establishments,
sectors, or areas. Furthermore, while my baseline specifications contain only the previously
discussed fixed effects, | subsequently augment Equation 2.6 with potential time-varying
controls Xt to ensure robustness against a series of establishment, district, and sector trends.

Thus, the primary identification assumption is:
(2.7) ‘r.:l”NHJI';' ' Jﬂ.‘s]-ﬁf-.-'.f-ii.u.{ i -T.-.IJ - ”_

Economically, Equation 2.7 requires that conditional on fixed effects, total employment in the
covered sector relative to the uncovered sector follows parallel trends across areas in the absence
of any tax change. In particular, the identification condition does not require that the activity in
the covered and uncovered sector separately follow parallel trends, nor does it insist that the tax
changes themselves are exogeneous as the district-year fixed effects effectively difference out

the symmetric effects of any locally-determined policies or local conditions that influence both

36 Hyslop and Imbens (2001) formally illustrate that using the weighted average group aggregate (here the district-
level tax rate) provides consistent estimation because it optimally predicts the true regressor (i.e. the municipal-level
tax rate).
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employment and Trade Tax changes. Instead, it requires that the Trade Tax changes are
uncorrelated with other local policy instruments that specifically target the covered sector, and
that relative employment in other districts provides a proper counterfactual for areas

experiencing larger Trade Tax changes.

Since only certain industries are generally responsible for paying the Trade Tax, the
primary threats to identification come from aggregate industry-specific shocks or idiosyncratic
shocks that would place establishments on different growth trends coinciding with Trade Tax
changes. To alleviate these concerns, | show that my results are robust to including industry-year
fixed effects and lagged employment growth as controls in X;t. Furthermore, while my preferred
specification includes state-covered-year fixed effects to account for the fact that the 16 German
States carry out most of the fiscal redistribution in the country, I confirm that my baseline results

are robust to replacing state-covered-year fixed effects with covered-year fixed effects.

2.4.2 Dynamic Effects of Taxation on Employment

To assess the dynamic employment effects of a persistent corporate tax change and assess

pre-trends, I run a series of local projections for each horizon H € {—3,-2,0,1,2,3}:

H
|95 1aen) = B - I3 - ATae + prae + Spece + 10 XG0 + Ui
(2.8) =0 ,
where gji- —1,:+h is the symmetric employment growth rate defined by Equation 2.5 between
periods t—1 and t+h, and the fixed effects are the same as those used for the triple difference

strategy described in Section 4.1. Adding up the partial employment changes at each horizon

preceding and following the pre-reform period allows me to directly estimate the path of
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cumulative treatment effects 1:7s7 }ii—2s, where each B is the impulse response coefficient
describing the percentage change in employment H periods after a one percentage point tax
increase between years t—1 and t. While there has been an extensive yet inconclusive literature
debating the merits of estimating dynamic treatments with local projections vs. VARs,*’I choose
to directly estimate local projections to flexibly test for potential asymmetries and ensure
robustness by adding controls to Xe. Critically, the local projections also allow me to directly
estimate > and f-sto test for pre-trends or anticipatory effects prior to the tax reform to buttress
my argument that the employment effects are driven by Trade Tax changes rather than pre-

existing trends or alternative policies.

2.4.3 Effects of Taxation on Individual Wages

In addition to assessing establishment-level outcomes, | use the linked worker data to
assess the effects of corporate taxation on individual wages. Following Card et al. (2013), define
the function J(i,t) as the unique establishment that employs worker i in year t and in turn,*® and
let d(j) represent the district that establishment j is located. Similar to the dynamic establishment
analyses defined in Equation 2.8, | assess the effects on wages by estimating the following local

projection equations for horizons H € {—3,-2,0,1,2,3}:

(2.9)

H
. . c _ - v
E []W#, WYy qh — LOZ 0y ] = Br 51 ATaaia—1e F Hide H0rs o0 H T X+ Ui

37 Plagborg-Magller and Wolf (2019) show that differences between VARs and local projections are due to
extraneous restrictions on the lag structure.

38 Less than 2% of employees have multiple jobs, so | assign a worker to the establishment that pays them their
highest wage each year.
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where the dependent variable now cumulates the log differences of wages for full-time employee
i. Note that the first log difference, which estimates o, represents the contemporaneous effect of
a tax change on wages, analogous to the contemporaneous employment analysis described by
Equation 2.6. Similar to the establishment analysis, the triple difference strategy compares
relative wages of workers in the covered and uncovered sectors who work in the same district in

the year preceding a tax change to the relative wages of workers in different

districts.

Critically, the Trade Tax change that | use to assess individual i’s dynamic responses
is the tax change faced by his/her employer in year t — 1, i.e. Atd3(it-1))t = Td@3(i,t-1)t — Td@3(it-1))t-1
establishment J(i,t—1) located in district d(J(i,t—1)), i.e. the establishment that employed i in the
year before the tax change. As a result, in contrast to Fuest et al. (2018) who primarily analyze an
establishment’s median wage or contemporaneous effects on incumbent wages as long as they
remain with an establishment, my focus on changes faced by an individual’s employer in year t —
1 allows me to analyze tax-induced responses for both incumbent employees as well as workers
who leave the establishment after year t—1 to potentially work elsewhere. Incorporating worker
mobility allows me to properly determine whether relative wages initially adjust in response to
taxation but then stabilize back to their initial value as predicted by the neoclassical assumption
of wage equalization across sectors or areas, or whether relative wages remain consistently rigid
due to various factors such as collective bargaining, institutional norms, or efficiency wages.
While | assess the wages of incumbent employees and workers who leave the establishment after
year t — 1 to potentially work elsewhere, my sample does not consider new labor force entrants
that join an establishment in year t due to the inability to fully assess the pre-trends of new

entrants who did not work for an IAB Establishment Panel member in each of the sample years.
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2.5 Main Results

Table 2.3 shows that a higher corporate tax rate significantly reduces total employment
while having no effect on individual wages in the short run. Specifically, Panel A, Column (1)
shows that a 1% increase in the local corporate tax rate induces covered establishments to reduce
total employment by 1% in the year of the tax change. In contrast, Panel B, Column (5) shows
that higher taxation has no significant effect on wages. To rule out the possibility that
municipalities change the Trade Tax in response to aggregate industry trends, Columns (3) and
(7) respectively of Table 2.3 show that the significant drop in employment and the zero wage
change are robust to accounting for industry by year fixed effects. Furthermore, Columns (4) and
(8) show that the results are robust to controlling for lagged outcome growth, suggesting that pre-

existing outcome trends are not driving the effects.
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Table 2.3 Effects of Corporate Tax Changes on Labor Market Outcomes

A. Effects of Taxation on Total Employment

(1) (2) 3 4)

Explanatory Variables
Corporate Tax Change Az, -1.101***  -0.908***  -1.169***  -1.351***

(0.347) (0.323) (0.344) (0.315)
District x Year FE Yes Yes Yes Yes
State x Covered x Year FE Yes No Yes Yes
Covered x Year FE No Yes No No
Industry x Year FE No No Yes No
Lagged Employment Growth No No No Yes
Observations 141,090 141,090 141,090 108,338
Number of Districts 469 469 469 469

B. Effects of Taxation on Individual Wages

(5) (6) (7) (8)

Explanatory Variables
Corporate Tax Change Atygae-1)t 0.091 -0.099 0.130 -0.050

(0.237) (0.221) (0.233) (0.206)
District x Year FE Yes Yes Yes Yes
State x Covered x Year FE Yes No Yes Yes
Covered x Year FE No Yes No No
Industry x Year FE No No Yes No
Lagged Wage Growth No No No Yes
Observations 1,122,173 1,122,173 1,122,173 1,105,669
Number of Districts 356 356 356 356

Notes: Table displays results from triple-difference regressions estimating the contemporaneous effects of
corporate tax changes on labor market outcomes. Subscripts i,j,s,d,t, I index an individual,
establishment, state, district, year, or covered sector indicator. J(i,t — 1) is the establishment that
employs i in year t-1. Panel A estimates Equation (2.6):

gjl,lt—l,t =Bo- ch “ATqe + Hae T 8sce T VX + Uy
where the dependent variable is the symmetric growth rate of employment from Equation (2.5). Panel B
estimates the effects on individual wages by estimating Equation (2.9) with H=0:
logwi —logwi 1 = Bo - Ijfi 1) - Aty(gae-1)e T Mae + Osce T YoXie + Ui

The variable Atqis the weighted district-level tax change between years t-1 and t. Columns (1)-(4)
estimate the different fixed effects and controls listed on total employment specifications; Columns (5)-
(8) mirror these alternative specifications on individual wages. Standard errors in parentheses are
clustered by district. *p<0.1, **p<0.05, ***p<0.01.
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Figure 2.4 illustrates the dynamic path of labor market outcomes over time by plotting
the impulse responses of total employment and individual wages. As portrayed by Figure
2.3, the impulse responses correspond to a corporate tax change with a half-life of 7 years. Panel
A shows that relative employment in the covered sector falls substantially by 4.5% over a 3 year
period following a corporate tax increase. Panel B shows that a corporate tax change has no
significant effect on individual wages over the same 3-year period. Figure 2.4 appears to rule out
a neoclassical story with perfect labor mobility: in this case, a higher corporate tax rate would
induce establishments to offer lower wages initially, which in turn would encourage employees
to move to the uncovered sector until wages again equalize. In contrast to this neoclassical
explanation, Figure 2.4 suggests that establishments never offer their workers lower wages, but
instead substantially reduce total employment over time. | examine the wage rigidity in greater

detail in Section 2.6.1.
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Figure 2.4 Cumulative Effect of 1% Corporate Tax Increase on Labor Market Outcomes

A. Total Employment Count

Percent
1
IS

-3 -2 -1 0 1 2 3
Years Since Tax Change

Hoolgliovern] = Bu - IF - Atar + M + Susce + Unje H=—3,-2,0,12,3

B. Individual Real Wages

Percent
L

-3 -2 -1 0 1 2 3
Years Since Tax Change

C
Yheollog Wi csn —logwir—1] = B - Ijje_1) - ATy(yGit-1)e T Made T Onsce T Unie

Notes: Figure illustrates the effects of a 1%-point corporate tax increase on labor market
outcomes by plotting the impulse response coefficients By from the dynamic local projection
specifications described in the Empirical Methods Section. Subscripts 7,/,s,d,¢, ¢ index an

individual, establishment, state, district, year, or covered sector indicator. J(i,t — 1) is the
establishment that employs 7in year ¢-1. H indexes each horizon relative to the year of the tax
change. Panel A estimates Equations (2.8) to assess the effects on establishment-level total
employment, where the dependent variable is the symmetric growth rate in Equation (2.6).
Panel B estimates Equations (2.9) to assess the effects on individual wages, where the dependent
variable cumulates the differences of log wages. The variable At .is the weighted district-level
tax change between years t-1 and t. The sample considers available linked employer-employee
data from 2000-2012. Standard errors in parentheses are clustered by district. All specifications
include district x year and state x covered x year fixed effects. 90% confidence intervals based
on standard errors clustered by district are in dashes. Data Source: IAB LIAB linked employer-
employee data merged with Trade Tax rates from the Federal Statistical Office.
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The lack of a significant tax-induced wage response differs substantially from the key
result of Fuest et al. (2018), who use a difference-in-difference specification on only covered

establishments to argue that a 1% tax rate reduces wages by 0.39 %. In particular, the

results likely differ for two reasons. First, Fuest et al. (2018) assess a difference-in-difference
design on covered establishments, which in turn relies on a claim that the Trade Tax changes are
exogenous for identification. In contrast, my research design incorporates the uncovered sector
as a within-area control group to filter out the effects of local conditions or other policies that
may drive the results. Second, Fuest et al. (2018) primarily assess each establishment’s median
wage of full-time employees as their key dependent variable. My results of lower employment
and zero wage changes would imply that the median wage in covered establishments would fall
if covered establishments hire fewer high-wage people relative to the uncovered sector. Indeed, |
do show in Section 2.6.2 that the smaller and medium-sized establishments that drive the total
employment effects do indeed substantially reduce their full-time employment count, consistent
with a compositional reduction in the median wage. Siegloch (2014) finds significant negative
effects on employment two years after a tax change using a difference-in-difference specification
on covered establishments analogous to that used for wages by Fuest et al. (2018), though the
cumulative employment effects | find are substantially larger over several years, falling by 2.6%

over a two-year period in Figure 2.2.

In general, my result of a 1% semi-elasticity of employment to corporate taxation is
substantially larger than the results of other studies on corporate taxation. Giroud and Rauh
(2019) use U.S. establishment-level data to find that a 1% higher corporate tax rate induces C-
Corporations to reduce employment by 0.4%. In their study, Giroud and Rauh (2019) use only

data on large multi-state firms with at least 100 employees. In contrast, most establishments in
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my representative sample are small single-plant establishments that possibly have stronger
responses to taxation, due possibly to greater wage rigidity, less working capital, or greater
uncertainty. | study the heterogeneous effects on establishments of different sizes in detail in
Section 2.6.2 to better understand the possibility of financial frictions driving the stronger

employment responses.

Furthermore, my results are possibly larger because of the IAB Establishment Panel’s
inability to track establishments after they drop out of the dataset. If an establishment relocates to
a different municipality, it will drop out of the IAB Establishment Panel, though my analysis
assigns this establishment a zero-employment count upon exit. Naturally this inability to
distinguish between true exit and relocation will imply a larger perceived employment effect in
my analysis. However, when studying the employment effects from the perspective of a local
official determining how to optimally determine the Trade Tax, the magnitude of my analysis is
more relevant than considering relocation because once an establishment exits the municipality,
the lower municipal government may no longer collect revenue from this establishment. Thus,
my estimated employment effects are the appropriate elasticity to consider from a local policy

perspective.*®

2.6 Mechanisms

2.6.1 Assessing Imperfect Labor Markets: Union Contract Status

Having established baseline wage rigidity in the presence of corporate tax changes in
Section 2.5, | next test for heterogeneous effects by establishment type to better understand the

potential source of these wage rigidities that may influence the strong negative employment

39 Suarez Serrato and Zidar (2016) make a similar point in their evaluation on the welfare of workers in a given
area.
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effects. Table 2.2 shows that roughly half of the establishments in the IAB Establishment Panel
are covered by a collective bargaining agreement. However, the unionized establishments tend to
be much larger than the deunionized establishments - almost 70% of the employees in the sample
work for a unionized establishment. The prevalence of both decentralized and unionized
establishments across sectors motivates regressions that interact a Trade Tax change with an
establishment’s union contract status to test for heterogeneous effects on establishment
employment. In turn, | estimate the effect of corporate taxation on total employment with the

following regressions:

i

Z l.’-"_::r—L.-_.l.J = PBH, Decentralized * [Jrf s A7y * Decentrali :r'r.fJ

fe=01

e A — o TTas ' '
T 'j).r.l'.l'-rllr.-n-:ur|I ) _"ir_.. '-—\'“r.'..f ""{ “"l””!'-'f“r] T .“H.rl'..' } ':J}nr.l'..-\..l"..' } I:J}J'.I'.f'.l'.ll'.-.'.'-'.l.'.'."'f.'rr.'|.l.< | ””.j.n"

(2.10)
Analogously, | test for heterogeneous effects on individual wages with the following re-
gressions:
H
[1”:-'; Wi gpn — lOg w; |J = W Decentralized * “j.;.-_J_J; s ATyaia-1 * Dr-r'r-rrh'uﬁ';r-r”
(2.11) #-0
+ 01 Unionized* [-‘r.T.__._.-_-_-, ATy * Unionize “i'] FlHde T O oo T OO UnionStatus TUH Gt

Table 2.4 shows the contemporaneous heterogeneous effects of corporate taxation on
employment and wages (i.e. H = 0). As expected, corporate tax changes have no immediate
effect on wages for individuals working under a collective bargaining agreement, consistent with

the fact that wages are typically negotiated before the tax changes occur.
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Table 2.4 Effects of Corporate Taxation on Labor Market Outcomes by Union Status

Dependent Variable:

Total Employment Individual Wage
Growth Growth

1) 2)

Explanatory Variables

Aty * Decentralized -1.487%%* -0.378
(0.468) (0.525)
Aty * Unionized -0.683* -0.0383
(0.369) (0.233)
District x Year FE Yes Yes
State x Covered x Year FE Yes Yes
Covered x Year x Union Status FE Yes Yes
Observations 141,090 1,090,847
Number of Districts 469 354

Notes. Table displays results from triple-difference regressions estimating heterogeneous

contemporaneous effects of corporate tax changes by an establishment’s union contract status on

labor market outcomes. Subscripts 7,j,s,d,¢, I index an individual, establishment, state, district,

year, or covered sector indicator. J(i,t — 1) is the establishment that employs 7 in year ¢-1.
Column (1) estimates the effect on total employment by estimating:

L _ C . C . .
8jt-1t = BO,Decentralized ’ Ij ’ ATd,t * Decentralized + BO,Unionized ’ Ij ' ATd,t * Unionized

+.ud,t + 5S,C,t + 5C,t,Union Status + uj,tt

where the dependent variable g}“’ ¢—1¢ 18 the symmetric growth rate of total employment. Column
(2) estimates the effect on individual wages by estimating:

C .
logwi —logWit—1 = Bo,pecentratizea * ljit-1) * ATa(jgit-1)e * Decentralized

C ..
+Bo,unionizea * Ijit-1) * ATa(Git-1)e * Unionized + pgy + 85t + 8¢ t,union status + Ui,

where the dependent variable is the log difference in incumbent individual wages. The variable
Aty is the weighted district-level tax change between years t-1 and t. Half of the establishments
in the sample are unionized, meaning that they have firm-level or sector-level collective
bargaining agreements, while the remaining half of establishments are decentralized, meaning
they are not bound to any collective bargaining agreement. The sample considers available
linked employer-employee data from 2000-2012, during Germany which had 16 states and 469
different districts. Standard errors in parentheses are clustered by district. *p<0.1, **p<0.05,
***p<0.01. Data Source: IAB LIAB data merged with Trade Tax rates from the Federal

Statistical Office.
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When assessing the impact on wages in decentralized establishments, I note that the point
estimate is negative although the estimate still does significantly differ from zero, likely due to
the smaller number of employees in the panel sample who work for a deunionized establishment.
Figure 2.4 confirms that the wages remain rigid for workers in both unionized and decentralized

over a 3-year period following a tax change.

Table 2.4 suggests that because employers cannot pass on the burden of higher corporate
taxes onto incumbent wages, they reduce employment substantially in the short run. A 1% point
corporate tax increase actually induces larger employment reductions by decentralized
establishments, who reduce total employment 1.5%. Unionized establishments reduce
employment by only 0.6% in the short run. Interestingly, Figure 2.5 illustrates that while
employment falls significantly faster in the short-run in decentralized establishments, over a 3-
year period, unionized establishments ultimately catch up such that both types reduce
employment by 4.5% by year 3. These patterns make sense in the context of typical German
union contracts. In general, many CBASs are negotiated to last for 2 years. Furthermore, the
maximum length of any fixed-term employment contracts is 2 years as well, after which an
employer would be required to permanently hire an employee. Thus, employment at unionized
establishments is often protected 2 years after a tax change, which would partially explain why
we do not see a significant persistent drop in employment until 3 years after a corporate tax
change. However, the results do not fully comport with the neoclassical intuition in Section 3,
which would suggest that establishments facing a higher degree of wage rigidity (e.g. unionized

establishments) would have larger employment effects in response to higher taxation.
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Figure 2.5 Heterogeneous Effects of 1% Corporate Tax Increase on Total Employment by Union Status

A. Total Employment Count: Decentralized B. Total Employment Count: Unionized
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Notes. Figure illustrates heterogeneous effects of a 1%-point corporate tax increase on total employment count by union contract
status. Each figure plots the impulse response coefficients By from the local projection specifications listed above. Subscripts

ij.s,dt, 1€ index an individual, establishment, state (16 in sample), district (469 in sample), year, or covered sector indicator. H
indexes each horizon relative to the year of the tax change. The dependent variable is the symmetric growth rate of total employment
defined in Equation (2.6). The variable Aty .is the establishment-weighted district-level tax change between years t-1 and t. Panel A
displays By pecentratized, the effects on decentralized establishments. . Panel B displays Sy ynionizea, the effects on unionized
establishments. All specifications include district x year and state x covered x year fixed effects, and covered x year x union status

fixed effects. 90% confidence intervals based on standard errors clustered by district are in dashes. Data Source: IAB LIAB linked
employer-employee data merged with Trade Tax rates from the Federal Statistical Office.
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Figure 2.6 Heterogeneous Effects of 1% Corporate Tax Increase on Individual Real Wages by Union Status

A. Individual Real Wages: Decentralized B. Individual Real Wages: Unionized
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Notes. Figure illustrates heterogeneous effects of a 1%-point corporate tax increase on individual real wages by union contract status.
Each figure plots the impulse response coefficients B from the local projection specifications listed above Subscripts 7,/,s,d,¢, I¢ index

an individual, establishment, state (16 in sample), district (469 in sample), year, or covered sector indicator. J(i,t — 1) is the
establishment that employs 7in year ¢-1. H indexes each horizon relative to the year of the tax change. The dependent variable is the

cumulated log difference of the real wage as defined in Equation (2.9). The variable Aty ,is the establishment-weighted district-level
tax change between years t-1 and t. Panel A displays By pecentraiizea, the effects on workers employed by decentralized

establishments. . Panel B displays By ynionizea, the effects on workers employed by unionized establishments. 90% confidence intervals
based on standard errors clustered by district are in dashes.
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2.6.2 Assessing Imperfect Capital Markets: Establishment Size

Given that labor market imperfections and wage rigidity do not appear to fully explain
the substantial tax-induced employment sensitivity, | turn next to assessing the role of imperfect
capital markets. As outlined in Section 2.3, the neoclassical model predicts that a corporate tax
increase will impel all covered establishments to reduce employment due to a larger user cost of
capital. However, under the assumption of perfect capital markets, the neoclassical framework
suggests that establishment’s organizational form or capital structure should not necessarily
influence the magnitude of the employment reduction, or at the very least it remains agnostic on
the scale distinction.*

In addition to its impact on the cost of capital, a corporate tax increase also potentially
serves as a cash flow shock to establishments as they now must pay more money to the
government absent significant behavioral responses. Deviating from the assumption of perfect
capital markets, the corporate finance literature posits that if firms must take out working capital
to pre-finance employment or investment, then firms with less access to external finance, i.e.
financial frictions,” would respond more significantly to cash flow shocks as these firms rely
more on retained earnings to finance activity.*! An extensive body of empirical evidence, dating
back to Fazzari et al. (1988), has demonstrated that credit constraints do in fact substantially
impact business outcomes. Many subsequent studies have followed Gertler and Gilchrist (1994)

in using firm size as a proxy for credit constraints to study firm behavior in response to liquidity

40 If the neoclassical production function has constant returns to scale in labor and capital, then by definition
corporate taxation should have no differential effects based on an establishment’s scale decisions.

41 These frictions may result from asymmetric information on borrower health and costly verification or possible
default risk from limited commitment.
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shocks, with a recent literature specifically analyzing the effects of these credit constraints on

employment.*?

Given that the decentralized establishments tend to be smaller than the unionized
establishments in Germany, | follow the size-proxy literature and test for heterogeneous labor
market effects by establishment size. Specifically, I divide establishments into three size bin
classes following the Federal Statistical Office’s official classification: a “small” establishment
employs 1-49 total employees, a “medium” establishment employs 50-249 total employees, and a
“large” establishment employs 250 or more employees.*® | interact the size classifications with

Trade Tax changes to estimate the contemporaneous effects on employment as
follows:

(2.12) _!’J':_'l._l_r = B0 Small * f: ATy # ."':u"rr.lu”_. + Fo M edivm - “: A7y * Me n’.r'rf:r.'_.

- . .
t Do, Large ° .f.,- FACAFE JTJH'_@'{] B lge + 0500 + Oy gize + gy

Similarly, I interact the size classes to estimate the contemporaneous effects on individual wages:
(2'13) II“IH HI".-I - ]“H ”--'.' 1 'llll."‘-|'r.'r.'.|'|l ' [ffl.il'__. 1) : -'l"l-'_,f.:_]:l'_| 19).¢ * -r‘-‘”lf”l.'l]

ol ~ "
+ Bo, Medium ° _-!I.Iu.r 1y " Jl'r.':.I:r'.r—I:-].r + Medi ”-’”]

+ B, Large * l’r.gu-f.r 1 AT -1 * f—’”'?ﬂ] + g + decp + Ocp,size + Ui

42 For example, Chodorow-Reich 2014 illustrates that credit supply shocks have significantly larger effects on
small and medium firms, while Melcangi 2018) shows that a revaluation of the U.K. business property tax induced
stronger employment effects by smaller firms.

43 As noted earlier, the IAB Establishment Panel represent establishments rather than firms, though I preserve
consistency with the Federal Statistical Office as it reports most official business statistics by establishment rather
than firm.
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Table 2.5 shows the contemporaneous effects of corporate tax changes on labor market
outcomes. Column (1) investigates the effect on total employment, showing that higher corporate
taxation induces small and medium-sized establishments to significantly reduce total
employment. In contrast, large establishments do not appear to significantly alter employment in
the short run. While one may expect that smaller establishments would be more sensitive
corporate taxation due to financial frictions, | find that the point estimates for small and medium-
sized establishments are almost identical. Motivated by this initial evidence suggesting that the
large establishments differ, but the small and medium remain similar, | adjust the dependent
variable in Column (2) to look purely at the full-time employment count rather than the total
employment count, which essentially removes part-time employees and trainees. Column (2)
suggest again that higher corporate taxation has no immediate effect on employment at large
establishments, while having significantly negative effects on small and medium-sized full-time
businesses. Column (3) depicts the contemporaneous wage effects, appearing to show that higher
taxation definitively has no immediate effect negative impact on wages for employees at medium
and large establishments. The point estimate of the wage effect for small establishments is

negative; however, again the standard error is too large to reject zero.
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Table 2.5 Effects of Corporate Taxation on Labor Outcomes by Establishment Size

Total

Full-Time

Dependent Variable: Employment Employment V\/Ian;e:\g(:g\?\:th
Growth Growth
1) (2) ©)
Explanatory Variables
Aty * Small -1.192*** -1.740%** -0.284
(0.404) (0.580) (0.250)
Aty * Medium -1.298*** -1.495%** 0.235
(0.471) (0.562) (0.316)
Aty * Large -0.048 0.488 0.093
(0.582) (0.656) (0.275)
District x Year FE Yes Yes Yes
State x Covered x Year FE Yes Yes Yes
Covered x Year x Size FE Yes Yes Yes
Observations 141,090 141,090 1,108,676
Number of Districts 469 469 354

Notes: Table displays results from triple-difference regressions estimating heterogeneous
contemporaneous effects of corporate tax changes by an establishment’s employment size count on labor
market outcomes. Subscripts i,j,s,d,t, 1€ index an individual, establishment, state, district, year, or
covered sector indicator. J(i,t — 1) is the establishment that employs i in year t-1. Columns (1) and (2)
assesses employment effects by estimating:

C c .
g},t—l,t = Bo,smau * i - Atqe * Small + + Bo meaium * I - ATa ¥ Medium
+BO,Large ' ch : ATd,t * Large + Ugt + é\s,C,t + 5C,t,Size + uj,tt

where the dependent variable in Column (1) is the symmetric growth rate of total employment (i.e. full-
time and part-time employees), and the dependent variable in Column (2) is the symmetric growth rate of
only full-time employment. Column (3) estimates the effect on individual wages by estimating:

logw;; —logw;¢—1 = Bo,smaur - I]C(i,t—l) ATy, e-1)),¢ * Small
+.BO,Medium . Iﬁi,t—l) . ATd(](i,t—l)),t * Medlum + ﬁO,Large . I]c&i,t—l) . ATd(](i,t—l)),t * Large

+uar + Os ot + ¢ t,size T Uit

where the dependent variable is the log difference in incumbent individual wages. The variable Az, ,is the
weighted district-level tax change between years t-1 and t. Establishments are divided into size bins of 1-
49, 50-249, and 250+. The sample considers available linked employer-employee data from 2000-2012,
during Germany which had 16 states and 469 different districts. Standard errors in parentheses are
clustered by district. *p<0.1, **p<0.05, ***p<0.01. Data Source: IAB LIAB data merged with Trade Tax
rates from the Federal Statistical Office.
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The contemporaneous results provide some suggestive evidence that small and medium-
sized establishments differ substantially from large establishments in their employment
adjustments. However, to better understand whether the differences are driven by financial
frictions or slower adjustment, I combine the small and medium sized bins into an “SME” group,
and subsequently interact the two size bins with the Trade Tax changes to estimate the dynamic

employment effects:

214 |97 —10en) = Busme - [I - Aty * SME|
2.14) h-u

l:'l - -
+ 'ﬂn'."..l'.rl.l':-.'r - [!J - AT,-_,'_,I * -'r'”'r-ﬂ!.] + HE 4+ 'l}n'.l'..-\..l"..' + 'I}n'.l'.-l' LStz + ”J'.I'._,l-'-

For consistency, | again assess the analogous heterogeneous effects of corporate taxation

on the wages of employees at SME’s and large establishments by estimating:

H
[]c:;_; Wi b — LOZ Wy 4 1J = 3y SME " [fj,ll-_l._n s ATy -1t * .H‘.”HJ
(2.15) k-0
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Figure 2.7 depicts the dynamic effects of taxation on total employment count for SMEs
and large establishments. Panel A shows again that the taxation significantly reduces SME total
employment upon impact, after which it steadily drops by 4.7% over a three-year period. While
large establishments do not initially adjust employment, they still appear to reduce total
employment by 3.2% over a three-year period, although these results are not statistically

significant, likely due to the small number of large establishments in the sample. Thus, the initial
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effects seem to suggest that all establishments reduce employment in line with the neoclassical
channel, though the size effects on total employment are similar.

While the total employment adjustment appears similar, Figure 2.8 illustrates substantial
heterogeneity between SMEs and large establishments’ adjustment of full-time employment in
response to corporate taxation. Panel A depicts that SMEs consistently reduce full-time
employment by 5.6% over a three-year period. In contrast, Panel B shows that large
establishments reduce their full-time employment by only 1.1% over the same three-year period.
though again the effect is not statistically significant. This stark difference is especially
interesting because it suggests that corporate taxation is especially burdensome on the most
highly-paid employees at SMEs. The non-full-time component of total employment comprises
part-time employees known as “marginal” employees in Germany, who earn a fixed 450 euro
monthly salary, or 5,400 euros a year. Furthermore, there are also trainees who are typically are
paid 20% lower salaries than entry-level full-time employees. Thus, Figure 2.8 suggests that
higher taxation induces SMEs to primarily reduce employment of their highest wage earners,
which appears consistent with the notion of financial constraints on their ability to pay these
higher wages. In contrast, it seems that the large establishments primarily reduce their part-time
employment and trainee counts rather than substantially adjusting their full-time employment
stocks, possibly because they prefer to retain as many workers who can productively use their
existing capital as long as they can afford paying them.

Finally, Figure 2.9 depicts that individual wages remain rigid over time at SMEs and
large establishments. The incumbent wage and hiring patterns support the insight explained by

Schoefer (2015) that if SMEs cannot easily reduce their wage bill in response to a higher tax bill
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by paying their incumbent employees lower salaries, then the higher corporate tax rate forces

them to substantially reduce hiring.
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Figure 2.7 Heterogeneous Effects of 1% Corporate Tax Increase on Total Employment by Establishment Size

A. Total Employment Count: SMEs B. Total Employment Count: Large
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Notes: Figure illustrates heterogeneous effects of a 1% point corporate tax increase on total employment count (i.e. including full-
time, part-time, and trainees) by establishment size. Each figure plots the impulse response coefficients Sy from the local projection
specifications listed above. Subscripts 7,j,s,d,¢, I¢ index an individual, establishment, state (16 in sample), district (469 in sample),
year, or covered sector indicator. The dependent variable is the symmetric growth rate of total employment defined in Equation
(2.5). The variable Az, .is the weighted district-level tax change between years t-1 and t. Panel A displays Sy syEgs, the effects on
small and medium establishments, measured as having 1-249 total employees. Panel B displays By 14rge, the effects on large
establishments, measured as having 250+ total employees. All specifications include district x year and state x covered x year fixed

effects, and covered x year x size fixed effects. 90% confidence intervals based on standard errors clustered by district are in dashes.
Data Source: IAB LIAB linked employer-employee data merged with Trade Tax rates from the Federal Statistical Office.
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Figure 2.8 Heterogeneous Effects of 1% Corporate Tax Increase on Full-Time Employment by Establishment Size

A. Full-Time Employment Count: SMEs B. Full-Time Employment Count: Large
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Notes: Figure illustrates heterogeneous effects of a 1%-point corporate tax increase on full-time employment count by establishment

size. Each figure plots the impulse response coefficients By from the local projection specifications listed above. Subscripts 7,/,s,d,¢, 1€
index an individual, establishment, state (16 in sample), district (469 in sample), year, or covered sector indicator. H indexes each
horizon relative to the year of the tax change. The dependent variable is the symmetric growth rate of full-time employment, defined
in Equation (2.5) but replacing total employment with full-time employment. The variable Aty ,is the weighted district-level tax
change between years t-1 and t. Panel A displays fy smgs, the effects on small and medium establishments, measured as having 1-249
total employees. Panel B displays By 1arge, the effects on large establishments, measured as having 250+ total employees. All

specifications include district x year and state x covered x year fixed effects, and covered x year x size fixed effects. 90% confidence

intervals based on standard errors clustered by district are in dashes. Data Source: TAB LIAB linked employer-employee data merged
with Trade Tax rates from the Federal Statistical Office.
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Figure 2.9 Heterogeneous Effects of 1% Corporate Tax Increase on Individual Real Wages by Establishment Size

A. Individual Real Wages: SMEs B. Individual Real Wages: Large
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Notes. Figure illustrates heterogeneous effects of a 1%-point corporate tax increase on individual real wages by union contract status.
Each figure plots the impulse response coefficients B from the local projection specifications listed above. Subscripts 7,j,s,d,¢, I¢ index
an individual, establishment, state (16 in sample), district (469 in sample), year, or covered sector indicator. J(i,t — 1) is the
establishment that employs 7in year ¢-1. H indexes each horizon relative to the year of the tax change. The dependent variable is the
cumulated log difference of the real wage as defined in Equation (2.9). The variable Aty ,is the establishment-weighted district-level
tax change between years t-1 and t. Panel A displays fy smes, the effects on workers employed by small and medium establishments,

measured as having 1-249 total employees. Panel B displays By 1qrge, the effects on workers at large establishments, measured as
having 250+ total employees. 90% confidence intervals based on standard errors clustered by district are in dashes.
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2.7 Conclusion

This paper has documented that higher corporate taxation induces large, persistent
reductions in total employment, yet has no significant effect on wages. Utilizing the extensive
variation from the German Trade Tax and corresponding richness in the German labor market
institutions, | show that the dynamic tax-induced patterns are similar for both unionized and
decentralized establishments, suggesting that imperfect labor markets cannot fully explain the
documented patterns as neoclassical intuition would suggest that institutional wage rigidity
would likely suggest stronger employment effects. Having recognized that decentralized
establishments tend to be smaller than unionized establishments, | further study the effects of
corporate taxation by analyzing the difference in labor responses between SMEs and large
establishments. While the dynamic responses of total employment and wages are similar across
SMEs and large establishments, SMEs appear to reduce full-time employment by significantly
more than the larger establishments, lending credence to the notion that these corporate tax

increases produce an added burden on the most credit-constrained

businesses.

From a policy perspective, this paper has important implications. While much of the
discussion surrounding corporate taxation often revolves around boosting wages or investment,
my results suggest that employment is an important metric to consider when evaluating the
effects of corporate tax policy. In particular, an extensive literature has suggested various
explanations for the relatively limited employment loss during the Great Recession, known as the

“German Labor Market Miracle.”** However, this paper provides suggestive evidence that the

44 Dustmann et al. 2014 highlight the role of deunionization, while Burda and Hunt 2011 explains the role of wage
moderation, working time accounts, and operating below expected employment trends after preceding recessions.
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2008 cut in the German federal corporate tax rate and accompanying reduction in the Trade Tax
minimum rate may have offset greater potential employment losses by reducing the cost of

capital and injecting more cash into credit constrained establishments.
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Chapter 3: Strategic Tax Interactions between German Municipal
Governments

3.1 Introduction

Tax competition and strategic government interaction is a widely contested topic across
various political, economic, and cultural arenas. While the degree of tax competition between
countries has naturally garnered interest, economists and politicians have been also been
especially interested in the strategic interaction between local governments for assessing regional
inequality and measuring the broader transmission and inefficiencies of federal public service
provision. In response, a large literature has debated the sign of a local tax reaction function, i.e.
the sign of a particular area’s local tax rate in response to a neighboring body’s tax increase. An
extensive theoretical literature, reviewed by Wilson (1999) and Keen and Konrad (2013),
illustrates the various preference and technological factors that drive the sign of the tax reaction
function, which is theoretically ambiguous. At their core, many of these models imply that
governments essentially compete over consumers’ consumption bundle of private and publicly
provided goods.*® Tax rates are considered to be “strategic complements” if they are positive
correlated, implying that when a neighboring government cuts its tax rate, a local government
will respond by cutting its tax rate as well to avoid losing businesses from relocating to the
neighboring literature. In contrast, local tax rates are “strategic substitutes” if they are negative
correlated. In this scenario, a local government responds to a neighboring tax cut by increasing
its tax rate, presumably because it intends to raise more revenue to provide more public services
to compete with the neighbor’s lower tax rates. Thus, the sign of the local tax reaction function is

theoretically ambiguous, thereby requiring an empirical answer.

5 Note that public provision of services does not necessarily imply that this is a public good.
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Many classical empirical studies estimating a tax reaction function find significantly
positive slopes, providing evidence that governments compete by using tax rates as strategic
complements. However, researchers largely agree that these classical empirical implementations
suffer from a simultaneity bias in strategic tax setting as well as potential omitted variable bias
from unobserved spatially correlated shocks. As a result, there has been a recent resurgence in
experimentally motivated studies that use vertical policy reforms as a source of plausibly
exogenous variation in local tax rates. This recent literature has largely failed to find that local
tax rates are strategic complements, arguing usually that there is no evidence of strategic
behavior or even alluding to the possibility that tax rates are strategic substitutes.

Following the spirit of recent empirical studies, this paper assesses the degree of strategic
tax setting between West German municipal governments by exploiting extensive spatial
corporate tax variation across the country. Each German municipal government can directly raise
revenue via a local corporate tax known as the Trade Tax, which is composed of the product of a
federally-determined base rate and a municipally-determined multiplier. To identify the tax
reaction function, I exploit a 2008 reform that reduced the federal base rate across the country,
which would have resulted in a country-wide tax cut if municipalities chose not adjust tax rates
locally. Arguing that this federally-induced tax variation is plausibly uncorrelated with local
spatially correlated conditions, I estimate a local government’s expected tax change in response
the weighted average of its neighbors’ tax rate, which is instrumented using tax change predicted
by purely the federal reform.

| find that the estimated reaction function is significantly negative, suggesting that
German Trade Tax rates are strategic substitutes. Specifically, | find that a neighboring

municipality’s one percentage point tax cut will incentivize a municipality to increase its own
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tax rate by 0.065 percentage points in the same year, and to increase its tax rate by 0.214
percentage over a three-year period. This negative reaction function slope starkly differs from the
results of the classical studies that predict a “race-to-the-bottom” in local corporate tax cuts due
to tax competition. While this paper does not exactly distinguish the mechanism that drives
strategic substitution, its results suggest that neighboring municipalities compete to satisfy
constituents via a combination of setting lower tax rates to increase private consumption and
increasing public service provision to increase overall citizen welfare. My results incite a more
nuanced discussion on how local governments compete, and how this behavior potentially
affects the resulting transmission of federal policy, such as national spending, taxation, or

insurance provision.

3.2 Empirical Setting and Data

3.2.1 German Trade Tax and 2008 Federal Tax Reform

Federalism in Germany consists of three levels: national, state, and municipal levels of
governmental authority. While the federal government and sixteen state governments administer
most of the law-making and executive power, each of almost 12,000 municipalities has a local
council that can administer a local corporate income tax, known as the Trade Tax. This local
revenue enables each municipality to provide certain public services, such as social assistance
programs and cultural activities. The statutory Trade Tax rate in municipality m in year t is

determined by the product of a federal base rate b, and a multiplier c,, . determined annually by

each municipality, i.e. T,,; = b, - ¢ ¢ Since 2004, the federal government has required
municipalities to set the multiplier at a minimum of 2 or greater. While municipalities generate

80% of their direct revenue from the Trade Tax, they can also tax property, which comprises the
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remaining 20% of their direct revenues. These municipal governments do not have the authority
to directly tax personal labor income.

Until 2008, the federally determined Trade Tax base rate b, was 5%. However, motivated
by the Great Recession, the federal government decided to reduce this base rate to 3.5% in 2008,
where it as remained ever since. Table 3.1 shows summary of the Trade tax rates throughout the
years 2000-2012. Before the 2008 reform, the average Trade Tax rate was 16.3%, and dropped to
11.9% between 2008-2012. For the purposes of my research design, it is worth absent any
municipal behavioral responses to the federal base rate decrease, every municipality would have

experienced a Trade Tax cut in 2008. In subsequent sections, I will refer to this “federally

predicted” change in municipality m as ATr]:fgoos = Cm2007 * (h2008 — b2007) = —1.5C1 2007,

and use it as an instrument for the municipality’s actual Trade Tax change At,, 5908 =
Cm,2008P2008 — Cm,2007D2007)- I theory, every municipality had the ability to adjust its
multiplier ¢, »90g t0 increase its 2008 Trade Tax rate to its 2007 level, or any higher level for
that matter. In practice, only 6 municipalities adjusted their multipliers to have a greater 2008
effective Trade Tax Level; the majority of German municipalities did not change their multiplier
at all or adjusted it to have a lower Trade Tax rate in 2008 on onward. Figures 3.1 and 3.2 show
histograms of the distributions of federally predicted tax changes, and the marginal changes
induced by municipal behavioral responses, respectively. Figure 3.3 shows the analogous spatial

distribution of the federally predicted changes.
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Table 3.1 Summary Statistics of German Local Corporate Tax Rates, 2000-2012
A. Trade Tax Levels

Year  # of Municipalities Mean SD  Min Q1 Median Q3 Max
2000 13,835 15.97 1.95 0 15 16 17 45
2001 13,415 16.1  1.89 0 15 16 17.5 45
2002 13,207 16.19 1.9 0 15 16 17.5 45
2003 12,953 16.3 1.94 0 15 16.35 17.5 45
2004 12,395 16.46 1.86 10 15 16.5 17.5 45
2005 12,324 16.55 1.87 10 15 16.5 17.5 45
2006 12,297 16.61 1.86 10 15 16.5 17.5 45
2007 12,257 16.65 1.85 10 15.35 16.5 17.5 45
2008 12,220 11.68 1.29 7 10.85 11.55 12.25  31.5
2009 11,992 11.72  1.28 7 10.85 11.55 12.32  31.5
2010 11,441 11.83 1.27 7 10.85 11.9 12.32  31.5
2011 11,294 12.03 1.27 7 11.2 12.25 12.6  31.5
2012 11,224 12.15  1.27 7 11.2 12.25 12.95 31.5
Avg. 12,373 15 2 6 13 15 16 40
B. Trade Tax Changes
Tax Increases Tax Decreases
Year # Changes | # Inc. Mean Med SD | # Dec. Mean  Med SD
2000 1,131 1,000 0.98 0.6 1.00 131 -1.9 -1 2.34
2001 1,536 1,382 1.01 0.5 0.94 154 -1.3 -1.1 1.23
2002 1,066 968 1.14 1 0.97 98 -2.6 -1.5 2.97
2003 1,189 1,116 1.15 1 0.84 73 -2.4 -1 3.15
2004 1,056 994 1.14 1 1.02 63 -2.0 -1 2.32
2005 1,371 1,284 1.04 1 0.82 87 -1.7 -1 1.95
2006 1,011 898 1.03 0.5 0.98 113 -1.4 -1 1.66
2007 506 413 1.03 0.75  0.89 93 -1.2 -1 1.28
2008 11,718 6 0.48 0.5 0.18 | 11,712 -4.9 -4.95  0.61
2009 575 442 0.93 0.7 0.72 134 -0.8  -0.665 0.75
2010 1,106 1,001 1.02 0.7 0.82 105 -0.6 -0.35  0.82
2011 2,090 2,024 1.01 0.7 0.77 66 -0.5 -0.35  0.50
2012 1,513 1,442 0.94 0.7 0.75 71 -0.6 -0.35  0.87
Avg 1,990 998 1 1 1 992 -2 -1 2

Notes. Table provides Trade Tax summary statistics for all German municipalities. Panel A
summarizes Trade Tax levels set by each municipality. Panel B summarizes the implied tax
changes. The Federal Government imposed a minimum rate of 10% in 2004, which it reduced to
7% in 2008. The last row calculates unweighted averages across years 2000-2012. Data Source:
Trade Tax rates from 2000-2012 provided by the Federal Statistical Office.
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Figure 3.1 Distribution of Federally Predicted Tax Changes, 2008
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Notes: Figure illustrates the distribution of federally predicted Trade Tax changes in 2008 that
would have occurred if only the federal base rate had dropped from 5% to 3.5%, i.e. without any
municipal adjustment from its 2007 multiplier.

Data Source: Trade Tax rates provided by the Federal Statistical Office.
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Figure 3.2 Distribution of Municipal Marginal Changes, 2008
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Notes: Figure illustrates the distribution of “marginal” Trade Tax changes in 2008, i.e. the
additional change induced by the municipality after learning the federally predicted change.
Negative values imply that the municipality cut its tax rate further than the federal base
adjustment would have generated. Positive values imply that the municipality increased its tax
rate relative to the federally predicted change.

Data Source: Trade Tax rates provided by the Federal Statistical Office.
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Figure 3.3 Variation in Federally Predicted Tax Changes Across Municipalities, 2008
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Notes: Figure illustrates the cross-sectional variation in federally predicted tax changes based on
the federal base rate cut from 5% to 3.5, i.e. without any municipal adjustment from its 2007
multiplier.

Data Source: Trade Tax rates provided by the Federal Statistical Office.

Figure illustrates cross sectional and time series variation in German Trade Tax rates. Panel A
shows the Trade Tax levels in 2006 using the official German municipal borders defined as of
December 31, 2006. Panel B displays the total percentage point change in the Trade Tax rate
between the beginning of 2000 (or earliest year available) and 2012 using the official borders
defined as of December 31, 2012. Data Source: Trade Tax rates from 2000-2012 provided by the
Federal Statistical Office.
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3.2.2 Data and Sample Selection

The German Federal Statistical Office provide the data on the historical Trade Tax
multipliers c,, , from 2000-2012. As noted in the previous section, | can use these multipliers to
generate a panel of statutory Trade Tax rates by multiplying these multipliers by 5% in the years
before 2008, and by 3.5% in the years including and beyond 2008. The Federal Statistical Office
also provides annual shapefiles to designate the official locations of each German municipality.
As described in subsequent sections, this geospatial data enables me to characterize
“neighboring” municipalities based on various criteria including distance, adjacency, etc.

To supplement the data on tax rates, | also accumulated data on municipality
characteristics from the German Federal Employment Agency. Specifically, | obtained panel
data on the population, employment count, and establishment count for each West German
municipality, and a small subset of East German municipalities as well. In general, most West
German municipalities that existed in 2000 remained in 2012 throughout the sample period and
have data on municipal characteristics. In contrast, the East German state governments required
most of their municipalities to merge together to meet a minimum population threshold for
administrative purposes.*® As a result, I choose to study 7,893 West German municipalities as a
panel that existed in each year from 2000-2012 without any mergers. These resulting West
German municipalities are contained in 10 states, notably including the city-state of Hamburg

but excluding Berlin.

46 Egger and Koethenbuerger (2010) describe these merger rules in detail and study their effects on local spending.
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3.3 The Standard Spatial Empirical Strategy from Previous Literature
3.3.1 The Empirical Specification

Following the standard approach in the tax competition literature, | estimate the

contemporaneous neighboring reaction function with an equation of the following form:
(3.1) ATm,t =p Zj:tm Wm,jATj,t tase+ .u,Xm,t—l t Emt

In this specification, At,,, = T, — T,;n 1 designates the annual percentage point change in
the tax rate in municipality m in state s between years t-1 and t. Following the existing tax
competition literature, | define the values w,, ; as ex-ante unitary weights to the neighboring

municipalities of m based on the inverse distance between each municipal centroid within a

threshold. In particular, | delineate d,, ; as the distance between municipality m and j, so % IS
m,j

the inverse distance between the municipalities. Selecting a baseline distance threshold of 10

km*’, 1 define truncated inverse distances between m and j:

L ifd,, < 10km

Vinj = Vdm,;

else.

To ensure that the weights sum to unity, | re-normalize the weights based on their sum:

specifically, | define the sum of the inverse distances in municipality mas V;, = ¥ jm Vi j, and

ultimately define the spatial weights as:

Ymj if d ;i < 10km
Wm'j = Vm
0

else.

47 In subsequent robustness checks, | illustrate that different distance thresholds and weighting schemes do not
substantially affect the results.
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| explicitly list the state-by-year fixed effects a; . to account for any state-specific changes based
on administrative adjustments, revenue-sharing rules, or other regional conditions. Furthermore,
the control variables X, ., are one-year lagged factors that potentially affect the local tax rate.
Following much of the tax competition literature, all of my baseline specification control
variables include the annual lagged changes in the log of population, employment, and

establishment count.

3.3.2 Sources of Endogeneity in the Standard Approach

This paper’s primary goal is to identify the sign of the coefficient 5 in Equation 3.1. The
result § > 0 implies that local tax rates are strategic complements, suggesting that municipalities
compete for businesses using the corporate tax rate. In contrast, § < 0 implies that local tax rates
are strategic substitutes, implying that a municipality may actually decrease its corporate tax rate
in response to a neighboring increase (presumably to increase public services) to compete by
providing allowing local capital owners to retain more earnings or pay lower prices for private
consumption.

However, the tax competition literature accepts that consistently estimating g from
Equation 3.1 suffers from two sources of endogeneity bias. First, estimating Equation 3.1
directly results in the well-known “reflection problem” outlined generally by Manski (1993), and
specifically in the tax competition literature by Gibbons et al (2015). Intuitively, this
specification generates simultaneity bias by construction: if z,, , is truly influenced by its
neighboring tax rates, then naturally the weighted average of the neighboring tax rates correlates
with the error term in a reduced form estimation such as Equation 3.1. Second, Brueckner (2003)
outlines numerous researchers’ claim that consistently estimating £ via Equation 3.1 may suffer

from standard omitted variable bias as neighboring municipalities may naturally set tax rates in
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response to unobserved factors that correlate within local areas. While taking differences or
employing municipal fixed effects would assuage concerns relating to time-invariants factors,
such as topographical features, many researchers claim that Equation 3.1 may still generate an
upward bias in estimating £ due to local countercyclical policy that is likely spatially correlated
across neighboring areas.

To partially resolve this endogeneity, many classical tax competition papers have
attempted to use the lagged control variables X,, ., as instrumental variables for the weighted
neighboring tax rate. Specifically, these papers often use the same weights used to construct the

weighed neighboring tax rate to construct a weighted instrument list, i.. X ;. Wi jXj -1 ,

which they subsequently use to estimate . ;..,,, wp, jAT; . Via a two-stage least squares procedure.

Brueckner (2003) describes that this instrumental variables approach can resolve the reflection
problem by consistently estimating £ using only variation from other spatial area controls if
these neighboring control variables themselves only influence a local tax rate via the neighboring
tax rate.

Table 3.2 illustrates the results of the standard approach to estimate 8 g via Equation 3.1
on a panel of West German municipalities. Column (1) estimates g directly via OLS, finding a
significantly positive response of 0.524 from neighboring tax changes. Column (2) finds
similarly strong positive effects by additionally controlling for the lagged neighboring covariates
directly in Equation 3.1 via OLS. Column (3) attempts to remedy the reflection problem by
instrumenting for the neighboring tax changes with the neighboring controls*®, finding a

similarly positive coefficient of 0.537.

48 The baseline set of control variables are the lagged annual changes in the log of the municipal-level population,
employment, and establishment counts.
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Table 3.2 Reaction Function to Neighboring Tax Change: Standard Spatial Approach

Dep Var: Local Tax Change OLS OLS 1Y

Explanatory Variables

Neighboring Tax Change S 0.524***  (0.524*** (.53 7H**
(0.046) (0.046) (0.092)
Local Controls Yes Yes Yes
Neighboring Controls No Yes v
State x Year FE Yes Yes Yes
Observations 89,255 89,255 89,255
Number of municipalities 7,893 7,893 7,893
Number of years 12 12 12

Notes. Table displays results from the standard spatial regressions estimating the effect of a
neighboring tax change on the local tax rate. Subscripts m,t index a municipality and year,
respectively. Each specification assesses the tax reaction function by estimating:

Aty e =P Z W, jAT; e + ap + WXnt-1t Eme

jEm

The control variables X;, ;4 include the lagged annual changes in the log of municipal-level
population, employment, and establishment count. Column (1) includes local control variables.
Column (2) includes local control variables and a weighted average of neighboring control
variables. Column (3) instruments for the neighboring tax change using the neighboring control
variables. The sample considers available data from 2002-2012 from the 7,893 West German
municipalities that existed throughout the period, during which West Germany had 10 different
states. Standard errors in parentheses are two-way clustered by municipality and by year.

*p<0.1, **p<0.05, ***p<0.01.

Data Source: Municipal-level tax and budgetary data provided by the Federal Statistical Office;
municipal-level employment and establishment counts provided by the Federal Employment
Agency.
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Each of the estimates from Table 3.2 imply that a municipality will initially increase its
own tax rate by roughly 0.5 percentage points in response to a neighbor’s one percentage point
increase, implying that local corporate tax rates are strategic complements. This resulting
positive reaction function aligns with the results from previous studies investigating the behavior
of German municipalities within individual states, including Buettner (2001); (2003) and
Cassette et al. (2012) in Baden-Wurttemberg, as well as Baskaran (2014) in Nordrhein-
Westfalen. The results also align with the results of the standard approach in other countries
reported by Hendel’s and Vuchelen (1998) in Belgian municipalities; Brueckner and Saavedra
(2001) in cities near Boston, Massachusetts; Bordignon et al. (2003) in Italian municipalities;
and Parchet (2019) between Swiss municipalities*.

However, a recent literature, summarized by Gibbons and Overman (2012), has raised
skepticism that the neighboring control variables provide a valid instrument list for the
neighboring tax change. They essentially argue that the neighboring characteristics are likely
driven by the same spatially correlated variables that plague identification of g in Equation 3.1.
Specifically, many recent studies, including Lyytikédinen (2012) and Parchet (2019), argue that
this standard instrumental variables approach still will likely result in an upward bias in
estimating g if the control variables themselves suffer from endogeneity due to population
sorting or spatially correlated shocks. In response, these recent studies try to use instrumental
variables generated by vertical policy reforms as more plausibly exogenous variation to identify
the tax reaction function. The subsequent section follows this experimental approach of using

vertically generated policy variation to identify £ in West Germany.

9 Brueckner (2003) and Zodrow (2010) summarize this “reaction function” literature, both concluding that local tax
rates are strategic complements based on the evidence.
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3.4 The Instrumental Variable Strategy based on the 2008 Federal Reform
3.4.1 Using the 2008 Federally Predicted Tax Variation as an Instrument

For my primary research design, | attempt to estimate S using the following cross-

sectional regression in the year 2008 for the sample of West German municipalities:

ed
(32)  ATy008 = B XjzmWm,jATj 2008 + VAfyfn,zoog + 52008 + 1'Xm,2007 + Emz008

The estimation procedure closely resembles the specification in Equation 3.1 with two important

differences. First, I include the local federally predicted tax change Ar,’;‘foos as a direct covariate

in the estimation. Second, motivated by the federally predicted tax change’s inclusion in

Equation 3.2, I use the weighted average of federally predicted changes Y. ., Wi, jAr]{c 29308 as an

instrument for the actual weighted neighboring tax rate . j.,, W, jAT; 500g- This identification

strategy hinges on the assumption that federally predicted changes may induce local variation
that is uncorrelated with omitted spatial tax determinants that have plagued the identification of
the tax reaction function in classical studies. The instrumental variable approach follows the
spirit of recent studies that have levied higher-level policy changes as plausibly exogenous
sources of local tax variation, such as Akcigit et al. (2018) studying federally-induced U.S. state

tax variation and Parchet (2019) analyzing Swiss state-induced municipality tax variation.

3.4.2 Baseline Results

Table 3.3 displays the baseline results of estimating 8 using the instrumental variable
strategy proposed in the previous section. Column (1) presents the baseline IV specification with
local control variables, implying that when a neighboring tax rate decreases by one percentage
point, a municipality increases its own tax rate by 0.065 percentage points. Column (2), which
directly controls for neighboring covariates’ potential effects on the local tax rate, and Column

(3), which removes all controls except for state fixed effects, produce a similar estimate for 3.
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The standard errors, clustered by municipality, suggest that the contemporaneous reaction
function is significantly negative, implying that German municipalities’ local corporate tax rates

are strategic substitutes in this context.

Column (4) of Table 3.3 presents a specification that omits the local federally predicted

change Ar,’:fgoog from the regression similar to the standard approach described earlier, with a

resulting positive coefficient of 0.715. I include this test to show how the standard approach
differs from my IV strategy, likely because the standard approach picks up changes in local
conditions that are driving the simultaneous in tax changes that bias the results upwards. If the
federally predicted instrument for the neighboring tax change is plausibly exogenous, then it
suggests that the standard approaches have not provided satisfactory attempts to assess the

degree of tax competition between local governments.
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Table 3.3 Reaction Function to Neighboring Tax Change: Instrumental Variable Approach

Dep Var: Local Tax Change

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

Explanatory Variables

Neighboring Tax Change B -0.065%**  -0.060*** -0.065*** 0.715***
(0.021)  (0.021)  (0.021)  (0.027)
Local Tax Change y 1.107***  1.096***  1.108*%**  Omitted
(0.018) (0.017) (0.018)
Local Controls Yes Yes No Yes
Neighboring Controls No Yes No No
State FE Yes Yes Yes Yes
Number of municipalities 7,672 7,672 7,672 7,672
Reduced Form: Predicted Tax Change  -0.068*** -0.062%** - 0.745%***
(0.021)  (0.021) i (0.031)
First Stage on Instrument 1.051°%F*  1.046%** - 1.041%%*
(0.015) (0.014) - (0.015)

Notes. Table displays results from the two-staged least squares regressions estimating the effect
of a neighboring tax change on the local tax rate. Subscripts m,t index a municipality and year,
respectively. Each specification assesses the tax reaction function by estimating:

_ fed '
AT 2008 = B Z Win, jATj 2008 + VAT, 2008 T Xs,2008 + 1 Xm,2007 + Emz008

jEm
Each specification uses Y. jum W, ]-A‘rj],r 26308 as an instrument for Y, ;. Wi, jAT; 5008- The control
variables X;,, 20997 include the lagged annual changes in the log of municipal-level population,
employment, and establishment count. Column (1) includes local control variables. Column (2)
includes local control variables and a weighted average of neighboring control variables. Column
(3) includes no control variables at all. The first panel shows the two-stage least squares
estimates of the estimated tax reaction function coefficient . The second panel shows the

reduced form results of directly estimating Equation 3.2 with ¥ j.m wp, jA‘L’[ 26(()108' The third panel

shows first-stage results of ¥, j.m W, ]-A‘rj],r 26308 predicting Y. j.m Wi, jATj 200 Column (3) results

unavailable for the reduced form and first stage due to convergence issues. Column (4) omits the
local federally predicted change from the specification to demonstrate its importance in proper
identification. The sample considers available data from the 7,893 West German municipalities
that existed throughout 2002-2012, during which West Germany had 10 different states.

Standard errors in parentheses are clustered by municipality. *p<0.1, **p<0.05, ***p<0.01.

Data Source: Municipal-level tax and budgetary data provided by the Federal Statistical Office;
municipal-level employment and establishment counts provided by the Federal Employment
Agency.
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To better understand the trajectory of strategic behavior after this reform, I estimate

dynamic specifications of the following form for horizons h =0, 1, 2, 3:

_ fed 12
(3) Tm2008+h — Tm2007 = Br Xj=m Wm,jAT; 2008 T YT 2008 T Xs2008+h + 4rXm,2007 +

€m,2008+h

Table 3.4 reports the results of these dynamic specifications, suggesting that three years after a
neighboring tax decrease of one percentage point, a municipality increases its tax rate by 0.214
percentage points. These dynamic results suggest that the strategic substitution of increasing a
tax rate, presumably to compete with more public service provision, occurs over a longer time

frame rather than immediately.
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Table 3.4 Dynamic Reaction Functions to Neighboring Tax Change: Instrumental Variable

Approach
A2008- A2009- A2010- A2011-
Dep Var: Local Tax Change 2007 2007 2007 2007
(h=0) (h=1) (h=2) (h=3)

(1)

(2)

(3)

(4)

Explanatory Variables

Neighboring Tax Change B}, -0.065%**  -0.109***  -Q.172%**  _(.214%**
(0.021) (0.025) (0.030) (0.035)
Local Tax Change yj, 1.107*%* 1.165%** 1.264*** 1.355%***
(0.018) (0.020) (0.023) (0.026)
Local Controls Yes Yes Yes Yes
Neighboring Controls No No No No
State FE Yes Yes Yes Yes
Number of municipalities 7,672 7,672 7,672 7,672

Notes. Table displays results from the two-staged least squares regressions estimating the
dynamic effects of a neighboring tax change on the local tax rate. Subscripts m,t index a
municipality and year, respectively. Each specification assesses the tax reaction function by

estimating:

_ fed I
Tm,2008+h — Tm,2007 = Bn Z Wi, iAT; 2008 + VAT 2008 T Xsz008+h T HrXm2007 + Emzo08+h

jEm

The control variables X;, ;4 include the lagged annual changes in the log of municipal-level
population, employment, and establishment count. Each column estimates a sequential dynamic
specification for horizon 4 for the years including and after the 2008 reform. The sample
considers available data from the 7,893 West German municipalities that existed throughout
2002-2012, during which West Germany had 10 different states. Standard errors in parentheses

are clustered by municipality. *p<0.1, **p<0.05, ***p<0.01.

Data Source: Municipal-level tax and budgetary data provided by the Federal Statistical Office;
municipal-level employment and establishment counts provided by the Federal Employment
Agency.
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3.4.3 Discussion of Results in Comparison to Previous Literature

Three previous empirical studies implement a similar instrumental variable strategy based
on vertical policy changes to estimate local tax reaction functions between municipalities that tax
different factors (i.e. capital, property, and labor). Most related to my analysis, Baskaran (2014)
estimates German Trade Tax reaction functions by comparing bordering municipalities in
Nordrhein-Westfalen to those in the neighboring state of Lower Saxony following a 2003 fiscal
equalization reform in Nordrhein-Westfalen. Similar to the negative reaction function in Table
3.3; Column (1), Baskaran (2014) finds a negative point estimate for the contemporaneous
reaction function (-0.291), but this point estimate does not differ significantly from zero in his
study. In the long run, both Table 3.4 of this paper and Baskaran (2014) Figure 3 suggests that
the German Trade Tax reaction function is negative in the long run, suggesting that Trade Tax

rates are likely strategic substitutes that take some time to adjust.

Lyytikéinen (2012) estimates Finnish municipal property tax reaction functions by
comparing municipalities forced to increase their property tax rate in response to a 1999 increase
in the minimum admissible rate to neighboring municipalities who originally had property tax
rates above the new minimum. In contrast to my results, Lyytikdinen (2012) finds that the slope
of the Finnish property tax reaction functions does not differ significantly from zero in the short
or longer run. In comparing these differences, is interesting to consider the differences between
the German Trade Tax, which taxes business operating profits, and the Finnish property tax,
which taxes a historically assessed construction costs of existing buildings less estimated
depreciation. One interpretation of the Lyytikdinen (2012) results would be that Finnish
municipalities do not strategically interact at all over property taxes since local property is fixed,

and therefore taxed independently of the behavior of other areas. On the one hand, one may
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argue that while my contemporaneous estimate from Table 3.4; Column 1 of 8, = —0.065 is
significantly negative, the point estimate itself is still relatively small and therefore does not
provide strong evidence of strategic substitution between Trade Tax rates. However, my
interpretation of the larger negative dynamic results from Table 3.4; Columns 2-4 convince me
that the German Trade Tax rates are indeed strategic substitutes over time, suggesting that there
are different considerations when taxing corporate profits than when taxing immobile property.
In contrast to considering immobile property, the threat of a business relocating to a new
municipality likely encourages a municipal government to think strategically about taxing its
local businesses too high, or providing viable public services to convince these companies to stay

local.

Finally, Parchet (2019) estimates Swiss personal income tax reaction functions by using
Swiss state-level reforms to compare affected Swiss municipalities to bordering municipalities in
a different state. Parchet (2019) finds these local personal tax rates are strong strategic substitutes
with an estimated contemporaneous reaction function slope of -0.497, which is roughly 7.5 times
as large as the estimate from Table 3.4; Column 1 of 8, = —0.065 for German Trade Tax rates.
It is possible that these substantial magnitude differences result from the different tax
instruments: since the Swiss municipalities tax personal income and individuals are likely much
more mobile than entire businesses, it is possible that these personal income tax reaction
functions have much larger magnitudes as these Swiss municipalities compete more aggressively
over individuals’ private and public consumption. Over a three-year period, Table 3.4; Column 4
suggests that German municipalities do exhibit strong strategic substitution behavior, with g5 =
—0.214. However, this three-year coefficient is still only half of the magnitude of the Parchet

(2019) estimate of -0.497. Unfortunately, Parchet (2019) does not report dynamic reaction
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function coefficients similar to my Table 3.4 results, so it is challenging to compare the

trajectory of strategic behavior between the two studies.

Overall, I interpret this paper’s results as following between the spectrum of these
previous studies’ results. My baseline Table 3.3; Column 1 estimate of 5, = —0.065 differs
significantly from zero but is still relatively small. Over a three-year period, the Table 3.4;
Column 4 estimate of 85 = —0.214 suggest that German Trade Tax rates are indeed strategic
substitutes over time. My research design’s results strongly diverge from analyses of the classical
tax competition literature suggesting that local tax rates are strong strategic complements. This
negative reaction function suggests that when a neighboring municipality cuts its tax rate, a local
government will actually increase its own tax rate to compete with its neighbor by providing
more public services rather than by cutting its tax rate to try and attract more capital.
Unfortunately, the Federal Statistical Office has not yet provided municipal-level spending and

revenue data, so | cannot directly test for evidence of this strategic behavior mechanism.

3.4.4 Robustness and Heterogeneity

One potential criticism of the empirical implementation of Equations 3.1 and 3.2 is that
many of these analyses define “neighboring” municipalities with ad hoc weighting schemes
rather than theoretically driven relationships. In response, many of these studies show that the
estimated signs of the reaction function are robust to alternative weighting schemes. Following
this procedure, Table 3.5 considers different weighting schemes from the truncated inverse
distance weighting scheme described in Section 3.1. My baseline specification, repeated in Table
3.5; Column 1, uses a distance threshold of 10 km. Table 3.5; Column 2 increases the distance
threshold to 30km to consider a more definition of “neighbor,” finding a significantly negative

estimated § = —0.146. Table 3.5; Column 3 defines a “contiguity” weighting scheme in which
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all municipalities that have adjacent administrative borders get equal weights in estimating
Equation 3.2, finding significantly negative estimated § = —0.071. The preservation of a
significantly negative g in each Table 3.5 specification lends some credence to the baseline

result that Trade Tax rates are strategic substitutes.
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Table 3.5 Reaction Function to Neighboring Tax Change with Different Weighing
Schemes: Instrumental VVariable Approach

Dep Var: Local Tax Change 10km 30km Contiguity

(1) (2) (3)

Explanatory Variables

Neighboring Tax Change g -0.065%**  -0.146***  -0.071***
(0.021) (0.025) (0.020)
Local Tax Change y L107%F*  1.113%**  1.110%**
(0.018) (0.018) (0.019)
Local Controls Yes Yes Yes
Neighboring Controls No No No
State FE Yes Yes Yes
Number of municipalities 7,672 7,672 7,672

Notes. Table displays results from the two-staged least squares regressions estimating the effect
of a neighboring tax change on the local tax rate. Subscripts m,t index a municipality and year,
respectively. Each specification assesses the tax reaction function by estimating:

_ fed ’
AT 2008 = B Z Win, jATj 2008 + VAT, 2008 T Xs,2008 + 1 Xm,2007 + Emz008
j*m

fed

Each specification uses Y. j.m Wi, jAT; 5005 s an instrument for Y., Wi, jAT; 200g- The control

J,
variables X;, 5007 include the lagged annual changes in the log of municipal-level population,
employment, and establishment count. Column (1) uses the truncated inverse distance
weighting scheme with a 10km distance. Column (2) uses the truncated inverse distance
weighting scheme with a 30km distance. Column (3) uses a contiguity-based weighting scheme.
The sample considers available data from the 7,893 West German municipalities that existed
throughout 2002-2012, during which West Germany had 10 different states. Standard errors in

parentheses are clustered by municipality. *p<0.1, **p<0.05, ***p<0.01.

Data Source: Municipal-level tax and budgetary data provided by the Federal Statistical Office;
municipal-level employment and establishment counts provided by the Federal Employment
Agency.

109



Furthermore, since previous German studies have focuses on municipalities within a
particular state, including Buettner (2001); (2003) and Cassette et al. (2012) in Baden-
Warttemberg, as well as Baskaran (2014) in Nordrhein-Westfalen, | study heterogeneous
reaction functions by state to assess whether there are substantial differences in local behavior.
Table 3.6 estimates heterogenous effects by interacting the neighboring tax rate with a state
indicator. Based on my 1V strategy, Table 3.6 suggests that Trade Tax rates in Baden-
Wirttemberg are strategic substitutes rather than complements as argued in Buettner (2001).
Two states, Niedersachsen and Saarland, have positive estimated coefficients, although the
implied clustered standard errors are large enough that | cannot reject that these effects are zero.
The remaining states all have negative reaction function slopes, suggesting that West German

Trade Taxes are likely not strategic complements in any area as predicted by previous literature.
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Table 3.6 Heterogenous Reaction Functions to Neighboring Tax Change by State:
Instrumental Variable Approach

Dep Var: Local Tax Change

1)

State Neighboring Tax Changes B;

Schleswig-Holstein -0.293
(0.111)
Niedersachsen 0.012
(0.111)
Nordrhein-Westfalen -0.086
(0.018)
Hessen -0.030
(0.024)
Rheinland-Pfalz -0.103
(0.018)
Baden-Wirttemberg -0.059
(0.028)
Bayern -0.110
(0.031)
Saarland 0.119
(0.155)
Local Tax Change 1.106
(0.018)
Local Controls Yes
Neighboring Controls No
State FE Yes
Number of municipalities 7,672

Notes. Table displays heterogeneous effects by state from the two-staged least squares
regressions estimating the effect of a neighboring tax change on the local tax rate. The
specification interacts the neighboring tax rate with a state indicator and includes state fixed
effects (state subscript is 5). The estimation uses Y j.m W, ]-AT]-]’c ggos as an instrument for

2 j#mWm,jAT; 2008- The control variables Xy, 597 include the lagged annual changes in the log of
municipal-level population, employment, and establishment count. The sample considers
available data from the 7,893 West German municipalities that existed throughout 2002-2012,
during which West Germany had 10 different states. Hamburg and Bremen are excluded from
this analysis as they only comprise one and two municipalities within them, respectively.
Standard errors in parentheses are clustered by municipality. Significance levels are omitted due
to multiple hypothesis testing.

Data Source: Municipal-level tax and budgetary data provided by the Federal Statistical Office;
municipal-level employment and establishment counts provided by the Federal Employment
Agency.
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3.5 Conclusion

While the classical tax competition literature has commonly accepted that local
government tax rates are strategic complements, standard identification strategies have likely
produced an upward bias in estimating the tax reaction function due to simultaneity and omitted
variable bias. In response, by using variation predicted by the 2008 federal Trade Tax reform,
this paper has provided new evidence that West German municipal governments’ Trade Tax
rates are actually strategic substitutes, a result that differs substantially from previous literature.
This result potentially helps explain why a “race-to-the-bottom” of minimal tax rate setting has
not occurred to attract businesses. However, local government data on revenues and spending are
unavailable for the time period studied, thereby hindering the ability to isolate the mechanism

this strategic substitution.

In addition to shedding light into local governmental interactions, these results have
important implications for assessing the fiscal transmission mechanism. Indeed, federal policy
often interacts with local balanced budget requirements or social insurance rules, which imply
that the resulting strategic interaction between local governments following national changes is
important for accurately assessing the effects of federal policy changes. Furthermore, these
spatial partial correlations that differ from zero have implications for interpreting the results of
standard difference-in-difference research designs comparing policies between areas. In
particular, strategic complements or substitutes imply that omitting neighboring changes from a
difference-in-difference specification alters to object estimated. When attempting to assess
overall general equilibrium impacts of a local change, researchers should take spatial strategic
interactions into account. Promising extensions would directly test the effects of neighboring tax

changes on subsequent spending and revenue changes with additional data, which would
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ultimately inform a more accurate spatial equilibrium model of individual migration and federal

policy transmission.
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