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Abstract. Many studies show that policy makers react to the policy choices made in other jurisdictions, but
we still know relatively little about the factors driving interdependent policy making, especially about how
context shapes interdependence. Theoretical arguments suggest that contextual factors, such as stable
institutions and geographic location, explain variation in interdependence. However, there is a lack of
empirical research investigating contextual heterogeneity in interdependent policy making, mainly because
it cannot be analysed with standard spatial econometric methods. This article introduces multilevel modeling that allows the study of contextual variation in interdependence and illustrates the method with the
analysis of uneven tax competition in Switzerland. The findings of fine-grained data show that cantonal
governments compete more strongly with their competitors the closer a unit is located to a metropolis with
comprehensive public good provision. The analysis demonstrates that we can better understand the mechanisms of interdependent policy making by studying its contextual drivers.
Keywords: interdependent policy making; tax competition; contextual variation; multilevel modeling

Introduction
Research has shown that policy making is driven by interdependence – that is, policy
makers react to the policy choices made in other jurisdictions. The literature has recently
shifted towards the study of the mechanisms of interdependent policy making, building on
seminal work that has defined broad classes of mechanisms, such as competition, learning
and emulation (Simmons et al. 2008). These typologies are useful starting points, but they
only group similar dynamics. The mechanisms of interdependence are more complex and
need further theorising. Thus, despite advances in the literature, the main challenge, to
which this study aims to contribute, remains to explore theoretically and empirically why
policy makers react to the decisions made in other jurisdictions. The basic argument of this
article is that we can better understand interdependent policy making by studying how
contextual factors, such as stable institutions and geographic location, shape the extent to
which policy makers react to the decisions of other governments.
Thus far, the conditionality of interdependent policy making has largely been ignored
(Neumayer & Plümper 2012). The standard approach in the literature is that researchers
specify spatial econometric models based on the assumption that interdependence is
uniform among the units of analysis. Only few studies have gone beyond this homogeneity
assumption by analysing variation in interdependent policy making (Basinger & Hallerberg
2004; Cao & Prakash 2012). What has been almost completely neglected is that there are
contextual (i.e., time-persistent) factors, such as institutional and geographic variables, that
explain variation in the extent to which policy makers react to the decisions made in other
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jurisdictions.1 For example, we might expect that countries with less veto institutions are
more responsive to the decisions of other governments. That there is a lack of empirical
research investigating the contextual conditionality of interdependence is mainly because it
cannot be analysed with standard spatial econometric methods. I propose, as an alternative,
multilevel modeling that allows us to study whether contextual variation between the units
of analysis conditions the extent to which policy makers react to the policy choices made in
other jurisdictions.
I illustrate the method and the study of contextual heterogeneity in interdependent
policy making with a quintessential example of interdependence – namely tax competition.
Building on the literature on uneven tax competition and spillover models (Bucovetsky
1991; Dehejia & Genschel 1998), I argue that sub-national units located at nearby metropolises attract a relatively large share of mobile taxpayers by offering low taxes and the
prospect of living close to a dynamic region providing a comprehensive set of public goods.
In addition, I hypothesise that the increased share of mobile taxpayers in these jurisdictions
enhances the pressure on governments to keep taxes at competitive levels. Accordingly, the
more closely a sub-national jurisdiction is located to a metropolis, the more strongly is
its government expected to react to the tax policy changes of competitors. This hypothesis
is analysed empirically with exceptionally fine-grained data for income taxation in
Switzerland.
The empirical analysis shows that we can clearly reject the unrealistic assumption of
homogeneous interdependence in Swiss tax competition. Swiss cantons react to varying
extents to the tax policy changes of competitors. The findings support the argument that
spillover from metropolises shapes tax competition dynamics. In the case of Swiss tax
competition, variation in interdependence between the cantons is basically a function of
their geographic locations. In other cases, however, the relevant heterogeneity explaining
variation in responsiveness between the units of analysis are, for example, differences in
economic factor endowments or domestic institutions (e.g., veto points). I discuss several
studies that make the argument that some structural factors condition interdependent
policy making to show that the study of contextual variation in interdependence is relevant
beyond the case of Swiss tax competition. In sum, this analysis shows that we can elaborate
a more nuanced understanding of the mechanisms of interdependent policy making by
studying contextual variation in responsiveness with multilevel time-series cross-section
analysis.
The article is structured as follows. It begins by situating the study in the literature on
interdependent policy making and formulating the theoretical argument. It then presents
the Swiss case and explores the empirical method before reporting the findings. Prior to
presenting the conclusions, the relevance of the developed approach beyond the Swiss case
is discussed.

Towards the study of contextual variation in responsiveness
In an ever more interconnected world, the argument that policy making is an interdependent phenomenon has become intensively studied in political science (Graham et al. 2013).
The critical juncture triggering a vast and growing literature over recent years was the shift
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from the rather narrow focus on the spread of (typically successful) policies towards the
analysis of why policy makers are responsive to the decisions made in other units.
Seminal theoretical work has identified broad classes of mechanisms explaining why
policy decisions are systematically conditioned by policy choices made in other jurisdictions
– one of which is that governments compete for capital, taxpayers or investment (Simmons
et al. 2008; Gilardi 2012). The basic idea is that tax, economic and regulatory policy making
are – at least partly – a function of policy makers’ reactions to the choices made in other
jurisdictions that are considered to be competitors in attracting fiscal revenue and economic
activity. The argument that policy makers are responsive to the decisions of competitors is
for many policy areas a sound starting point for studying interdependent policy making.
However, the competition mechanism is – like the other mechanisms of interdependence –
only a general classification that groups dynamics following a similar general rationale.
Despite useful definitions of mechanisms and the substantial research effort of the last
years, we still know relatively little about the specific dynamics of interdependence. Thus,
the main challenge of the literature, to which this study aims to contribute, remains to
theoretically and empirically unpack interdependent policy making.
Spatial econometric modeling has become the standard empirical approach in the
literature. Models using this method include, as their main explanatory variable, a
so-called ‘spatial lag’, which is the weighted average of the dependent variable in other
units. The estimates of the spatial lag reveal whether policy makers are responsive to
policy choices made in other jurisdictions. The key connection between the theoretical
turn to the study of mechanisms and the methodological advances in spatial analysis
revolves around the specification of the connectivities. Scholars studying interdependence
use various theory-driven connectivities, such as traffic data, network measures and economic indicators (Zhukov & Stewart 2013). Despite these advances, however, there is still
some concern that spatial models are based on over-simplified assumptions (Ward &
Grundig 2011).
One way researchers can elaborate more nuanced theoretical and empirical models of
interdependence is by focusing on the conditionality of responsiveness. Only surprisingly
few studies have done this. The vast majority of articles assume that interdependence is
uniform between the units, although this is often an unrealistic assumption. Neumayer and
Plümper (2012) list a series of theoretical arguments explaining variation in interdependence – for example, that democratic governments are more responsive to outside influences
than autocratic ones.
So far, there are basically two empirical strategies in the literature for studying the
conditionality of interdependent policy making. The first – a standard design in the yardstick competition literature – is to split the full dataset into two sub-samples, where the units
of one sub-sample are expected to be more responsive than the units of the other subsample. Concretely, yardstick competition scholars test whether incumbents that are at risk
of losing elections are more responsive to the tax decisions of their neighbours (compared
to incumbents that cannot run for re-election or relatively safe government coalitions). The
difference between the spatial lag estimates of the two sub-samples then reveals whether
the empirics support the yardstick hypothesis (Besley & Case 1995; Elhorst & Fréret 2009).
This is a reasonable strategy if the argument on variation in responsiveness distinguishes
two well-specified groups.
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The second approach is to investigate the conditionality of interdependence by interacting the spatial lag and a mediating variable using standard time-series cross-section
models with unit fixed effects (Basinger & Hallerberg 2004; Cao & Prakash 2012). The
consequence of controlling for unit heterogeneity with unit fixed effects is that the empirical analysis is limited to the study of the variance within the units (over time). In regard to
the spatial lag, this is what researchers aim to model as they are typically interested in how
policy changes in other jurisdictions affect policy making. Yet this is also of relevance – and
may be problematic – for the conditioning effect. With this model specification, researchers
are constrained to the analysis of how variation in responsiveness is mediated by temporal
changes of a conditioning variable, which is fine if the theory predicts that temporal
variation of economic, political or social factors within a society mediate interdependence.
If, however, we hypothesise that contextual (i.e., rather time-invariant) differences between
the units of analysis explain variation in responsiveness, we cannot rely on the unit fixed
effects specification.
In other words, existing spatial econometric approaches either compare two contexts or
investigate the mediating effect of a variable on responsiveness within countries (over
time). As an alternative approach, I introduce multilevel modeling that allows researchers
to study contextual variation in responsiveness. With multilevel models we can, for
example, test how stable institutions and geographic locations condition the extent to which
policy makers react to the policy decisions made by other units. As a concrete example,
I explore whether the responsiveness of governments in tax competition depends on
the geographic location of their jurisdictions. The advantage of multilevel modeling is
not simply a technical issue, but one with substantive theoretical implications since the
approach introduced in this article is targeted at investigating contextual variation
in interdependence between the units of analysis (beyond the comparison of only two
contexts).

Uneven tax competition
Taxation may be the most studied policy area within the recent upsurge of research on
interdependent policy making, which is not surprising given the straightforward externalities of tax policy making in open societies (e.g., Basinger & Hallerberg 2004; Jensen &
Lindstädt 2012).2 Besides the research on international tax competition, there is a vast
amount of theoretical work in the field of fiscal federalism. The most famous model in this
literature is that of Tiebout (1956), according to which people move to jurisdictions that
provide their preferred public goods most efficiently. Controversially discussed in the
literature is whether tax competition enhances welfare, as the Tiebout (1956) model suggests, or whether tax competition leads to dysfunctional race-to-the-bottom dynamics
(Oates 2001). Instead of analysing the overall aggregate effects of tax competition, the main
motivation of this study is to explore variation in the extent to which governments engage
in tax competition.
The mobility of the tax base is the basic factor triggering tax competition. Accordingly,
jurisdictions compete with those jurisdictions to which their tax base might move when the
tax rate differences change. This tells us with whom governments are potentially competing.
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The key for explaining variation in the extent to which governments engage in tax competition, however, is to focus on what kind of heterogeneity among the jurisdictions affects the
mobility of the tax base. Uneven tax competition models show that the governments of
jurisdictions with specific contextual characteristics attract mobile taxpayers by setting low
tax rates (Bucovetsky 1991). These jurisdictions accommodate a larger share of mobile
taxpayers, which may make their governments more responsive to the tax policy changes of
competitors because they want to ensure that their mobile tax base does not relocate
(again). The textbook case illustrating uneven tax competition emphasises country size as a
mediating contextual factor. Dehejia and Genschel (1998, 13) argue that small countries
‘can exploit tax competition as a type of beggar-thy-neighbor policy’ by attracting mobile
taxpayers from large countries. The basic intuition of the argument is that small jurisdictions benefit from undercutting the tax rates of competitors because the revenue gains from
the attracted (mobile) tax base outweigh the revenue losses from the already present tax
base. Accordingly, small jurisdictions are expected to tax at lower levels than large ones.
Uneven tax competition models also predict that the structures of the tax bases change.
More concretely, the share of mobile taxpayers is supposed to increase in small countries
and to decrease in larger ones. As a consequence, ‘the elasticity of the tax base with respect
to the tax rate . . . is less strongly negative in large jurisdictions than in small jurisdictions’
(Brülhart & Parchet 2014: 67–68). Stated in less technical terms, the taxpayers of small
countries are expected to be more mobile – that is, they will relocate more quickly when the
tax rates become more attractive in other units. If the tax bases of small jurisdictions are
more sensitive to tax rate differentials, as suggested by uneven tax competition models, we
would also expect that their governments are more sensitive to tax rate changes of competitors. Uneven tax competition models thus provide the theoretical grounds for the
following hypothesis: governments of small countries are more responsive to the tax
rate changes of competitors because they accommodate a larger relative share of mobile
taxpayers.
Shifting from the international to the subnational level, the literature has identified
another factor that may drive tax competition: the extent to which jurisdictions benefit from
spillover of nearby jurisdictions. In a federal setting, public goods typically exert beneficial
externalities beyond the sub-national units that provide them. Centres realise economies of
scale and provide comprehensive public goods, such as cultural facilities, international
airports, high-technology health care and major universities. All these goods exert positive
externalities beyond their border, which gives a comparative advantage to nearby jurisdictions who benefit from the metropolises’ public good provision without bearing the costs
(Olson 1969; Hochman et al. 1995; Wilson 1999; Brueckner 2003).
Following the above discussion on the tax competition effects of country size, we can
again formulate a hypothesis on variation in tax levels and one on tax responsiveness. First,
the hypothesis on tax levels predicts that governments of the jurisdictions benefiting from
the infrastructural supply provided by nearby metropolises tax at lower levels because they
can offer low taxes and quick access to the economic and cultural activities of the metropolises. Second, the hypothesis on tax responsiveness suggests that governments of jurisdictions benefiting from spillover react more strongly to the tax rate changes of competitors
because they attract tax-sensitive mobile taxpayers by offering low taxes and a comprehensive public good provision. The basic rationale of the main argument is that the
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increased relative share of mobile taxpayers puts more pressure on governments to keep
taxes at competitive levels. Thus, governments react more strongly to the tax rate changes of
competitors, the more a jurisdiction benefits from the positive externalities of nearby metropolises. I test this hypothesis on variation in tax responsiveness for the case of income taxation
in Switzerland, which provides an ideal setting to study sub-national tax competition.

Tax competition in Switzerland: System and data
Compared to other developed countries, Switzerland holds a top position in terms of the
extent of fiscal decentralisation (OECD 2010). In particular, income and wealth taxation is
predominantly sub-national. The federal government collects only a quarter of the overall
tax revenue from direct taxation. The 26 cantons have different tax systems, and the
cantonal taxation levels vary substantially, especially for high-income earners. For them,
moving to a low-tax canton is fiscally attractive and feasible due to the comprehensive
transportation system in the small country. Thus, a change of residence to a nearby canton
with lower taxes is not necessarily associated with a change of workplace.
Relocation of famous wealthy people, such as top tennis player Roger Federer’s move
from Basel District to the low-tax canton of Schwyz, are usually accompanied by fierce
debates on the pros and cons of tax competition. That cantons compete for wealthy
taxpayers is an omnipresent political topic in Switzerland. A recent popular initiative from
the Social Democrats, demanding a minimum sub-national tax rate for high-income
earners, is an example of this debate.3 That Swiss cantons do compete with one another is
by and large taken for granted in Switzerland. The plausibility of the micro-foundation of
tax competition makes the Swiss case an ideal setting to study the nuances of tax competition dynamics. In addition, the good overall comparability of the 26 cantons (compared to
comparative cross-national studies) and the extraordinary data quality provide a solid basis
for rigorous empirical analysis. In the following, I present the operationalisation of the
dependent and the explanatory variables. For data availability reasons, the analysis is
restricted to the period 1990–2009.
The dependent variable
I investigate inflation-adjusted effective income tax rates for a prototypical taxpayer.4
Compared to other tax measures, such as average and statutory tax rates, this is an exceptionally fine-grained and accurate measure. I focus on high-income earners, who are the
relevant tax base from a tax competition perspective.5 The annual income analysed
was roughly CHF150,000 (in 1990) and CHF200,000 (in 2009). (As of January 2014, €1 was
equivalent to around CHF1.22.) As a reference, the median gross annual salary in 2008 was
about CHF70,000. The effective tax rate is the sub-national tax due that these high-income
earners pay as a share of their total incomes. Cantonal differences in tax systems and
deductions are explicitly accounted for. In short, the tax rates used measure what a prototypical high-income taxpayer effectively transfers to the sub-national tax administration.
The tax-level variation between cantons is large: the low-tax canton of Zug taxes the
high-income earners under investigation at about 8 per cent, while they are taxed by more
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than 18 per cent in the canton of Basel. Also, the variation within cantons over time is
substantial (all cantons changed their tax rates several times from 1990 to 2009).6
The spatial lag variable
One of the main explanatory variables in this study is a spatial lag that accounts for
competitive dynamics. The critical research step for scholars modeling interdependent
policy making is the specification of the connectivity matrix (W). In a row-standardised
connectivity matrix, each cell of a row assigns to a specific canton the relative influence that
the other cantons exert on it. Accordingly, a high value of wij means that canton j is an
important competitor of canton i. In this analysis, the connectivity measure is supposed to
account for the competitive tax pressure that the cantons exert on each other. What matters
in our context is that cantonal policy makers assume that high-income earners move
because of tax-level differences (which may be a wrong assumption, as the study of Brülhart
and Parchet (2014) shows).
In the Swiss case it is uncontroversial to say that cantonal governments believe they are
in competition with one another for high-income earners. But which cantons are considered
to be competitors? Policy makers typically regard nearby jurisdictions, to which some of
their taxpayers might easily move if tax differences change, as competitors (Feld & Reulier
2009; Gilardi & Wasserfallen forthcoming). Based on that proposition, I construct a connectivity matrix with exceptionally fine-grained travel data from the Federal Office for
Spatial Development, assuming that the faster a canton can be reached, the higher the
perceived competition pressure stemming from it. The data report the travel distance in
minutes for each of the more than nine million dyads of 3,114 country-wide spatially
distributed dots.7 The connectivity measure is derived in three steps: first, I extract all the car
travel distances that connect two cantons; second, I compute the mean travel time of all the
extracted dyadic combinations of the travel distances between two cantons; and finally, I
code in the connectivity matrix the row-standardised inverse of the estimated mean travel
distance. In substantive terms, I assign higher weights the more closely two cantons are
connected (measured in car travel time).8
The spillover variable
I hypothesised above that the geographic location of cantons explains variation in tax
responsiveness. Cantons located close to metropolises have a comparative advantage in tax
competition because they can benefit from public provisions, such as universities, hospitals
and cultural facilities, without bearing the costs. The governments of these cantons attract
a high share of mobile taxpayers by offering low tax rates and quick access to an economically and culturally vibrant metropolis. Because of the attracted higher share of mobile
taxpayers, these cantons are more exposed to tax competition and their governments are
thus expected to react more strongly to the tax rate changes of competitors. In short, the
more a canton benefits from spillover, the more responsive will its government be to the tax
rate changes of its competitors.
To measure the extent to which cantons benefit from the positive externalities of
metropolises, I define which cantons qualify as metropolises and estimate the positive
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Figure 1. Map of the spillover variable.

externalities that they exert on the surrounding cantons. Based on a series of socioeconomic
measures, the Swiss Federal Statistical Office categorises the canton of Zurich and the two
city-cantons, Basel and Geneva, as the ‘metropolitan areas’ of Switzerland. These three
economically vibrant cantons provide public goods with strong impacts beyond their
borders. To measure the size of the positive externalities, I rely on the culture, leisure,
education and health facility spending of these cantons; and, for estimating how much
the surrounding cantons benefit from the positive externalities, I compute the travel
time distances from the cantons to the metropolises. The spillover variable is then
operationalised by estimating the product of the mentioned spending items (as a measure
of the extent of the positive externalities) and the inverse of the travel distance to the
metropolises (as a measure of the closeness to the metropolises). The substantive interpretation of the spillover variable is as follows: the faster the residents of a canton can reach
metropolises with high spending in leisure, culture, education and health, the higher the
spillover value is for that canton. Finally, I assign the value 0 to the three metropolitan
cantons because they do not benefit from spillover of the other metropolises. Figure 1 maps
the variation of the spillover variable between cantons. The cantons around Zurich (ZH)
and Basel (BS) have the highest spillover values, while the rural cantons in the area of the
Swiss Alps have low values.

Empirical model
To test whether the structural spillover variable mediates tax responsiveness as hypothesised, I rely on spatial multilevel modeling of time-series cross-section data. While
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standard time-series cross-section models with unit fixed effects only analyse variation
within units (over time), contextual differences between units can explicitly be modeled in
a multilevel set-up. Accordingly, multilevel models allow researchers to explore how contextual variation in institutions or geographic location (as in our case) mediates the effects
of time-series variables. Several scholars have outlined this powerful property of multilevel
time-series cross-section models (Western 1998; Zorn 2001; Bafumi & Gelman 2006; Bartels
2008; Fairbrother 2014). Unfortunately, their advice has gone largely unnoticed. The key
feature of multilevel time-series cross-section models is that the variations in the dependent
variable are separated between units and over time.
A generic linear varying-intercept model of time-series cross-section data with a spatial
lag is specified as follows:

Level 1: yit = β0 i + β1 yitw−1 + ρwi ytw + b 2 xitw + ε it

(1)

Level 2: β0 i = γ 0 + γ 1zi + g 2 xi + µ i

(2)

The dependent variable yit – in this study the income tax rate in canton i at time t – is
modeled as a linear function of a set of within-canton variables (on Level 1) and acrosscanton variables (on Level 2). Both equations include a stochastic term, εit and μi,
which accounts for unobserved heterogeneity at both levels and follow a normal distribution ( µ i ~ N (0, σ i2 ) ; ε it ~ N (0, σ it2 ) ). The subscript i indicates that the intercept,
β0i, varies between cantons. This across-canton variation is modeled in the Level 2
equation.
The Level 1 equation, however, models tax variation over time. The superscript w
indicates that the variables on Level 1 are transformed to within-canton predictors. The
within-canton transformation is simply the deviation of a time-varying observation from
the mean over the investigated time period (e.g., xitw = xit − xi ). The interpretation of the
coefficients on Level 1 is like the interpretation of coefficients in standard time-series
cross-section models with unit fixed effects: they report the average linear effect of a
one-unit change in the explanatory variables on a one-unit change in the dependent
variable. The within-canton transformed spatial lag is the main explanatory variable on
Level 1 and accounts for competitive interdependence. The coefficient ρ is expected to be
positive. Concretely, wi ytw is the within-canton transformed spatial lag value for canton i
at time t, whereas the vector wi is row i of the connectivity matrix W, and the vector γt is
the dependent variable at time t. Following the literature, I model the spatial lag contemporaneously, assuming that governments interact strategically. Franzese and Hays (2007)
show that simultaneity might bias the estimates, recommending instrumented spatial lags
as a possible fix. The online appendix reports robust results for a model with an instrumented spatial lag.
To control for serial correlation, I include on Level 1 the within-canton transformed
lagged dependent variable, yitw−1, (Keele & Kelly 2006).9 As controls, I also include a vector
of within-canton transformed variables, xitw . I introduce the following fiscal, economic and
political controls: the share of leftist seats in government, GDP per capita, population size
and debt per capita. All else being equal, I expect that growing debts and populations, as
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well as shifts to the left in the government, are associated with tax increases and that
economic growth is negatively correlated with income tax levels.10
The Level 2 equation can be thought of as a simple cross-section linear model that
explains the average taxation level of a canton over the investigated time period. The most
important explanatory variable on Level 2 is the time-invariant spillover variable, zi. I expect
that cantons benefiting from spillover tax high-income earners at lower levels. To avoid
biased estimates, I introduce the means of the controls, xi (Bafumi & Gelman 2006), whereas
the average share of leftist seats in government is supposed to be positively correlated with
tax levels, and smaller cantons are expected to tax at lower levels. I expect that lower levels
of GDP per capita and higher debts are associated with higher income tax rates.
Note that the interpretation of the estimates of the variables is substantively different on
both levels. For example, while the estimates of the average strength of the left in the
government on Level 2 show whether cantons with an overall stronger leftist government
participation tax high-income earners at higher levels, the estimates on Level 1 indicate
whether shifts to the left in the government (over time) are associated with tax increases. By
modeling the same variables on both levels we can assess their explanatory power as
predictors of tax rate variation between cantons and over time.
The model discussed so far allows the intercepts to vary between cantons. The flexibility
advantage of the multilevel approach is that we can straightforwardly extend the varyingintercept model to a model that allows the slopes (coefficients) to vary as well. Since we are
interested in the heterogeneity of the cantons’ reactions to the tax rate changes of comρ
ρ
petitors, ρi is estimated as a varying coefficient ( ρi = γ 0 + µ i , while µ iρ ~ N (0, σ i2 ) ). The
estimates of the varying-slope model show whether cantons are to varying extents responsive to competitors’ decisions, providing evidence for the (im)plausibility of the assumption
that all units react homogeneously to the decisions of other units.
Finally, I use the spillover variable, zi, as a explanatory variable of ρi to test our main
hypothesis that a government will react more strongly to the tax decisions of its competitors, the more a canton benefits from spillover. This cross-level interaction allows us to
explore whether the spillover variable, as a contextual Level 2 variable, mediates tax
responsiveness measured with the spatial lag (see Equation 5).

Level 1: yit = β0 i + β1 yitw−1 + ρiwi ytw + b 2 xitw + ε it

(3)

Level 2: β0 i = γ 0 + γ 1zi + g 2 xi + µ i

(4)

Varying spatial lag coefficients: ρi = γ 0ρ + γ 1ρ zi + µ iρ

(5)

In the following empirical analysis, I report the estimates of three models. Model 1 is the
varying-intercept model (see Equations 1 and 2). Model 2, the varying-slope model,
includes a random effect for the spatial lag to explore whether there is variation in interdependence between cantons. Finally, the cross-level interaction model, model 3, extends
model 2 by introducing the spillover variable as a predictor of the varying spatial lag
coefficients (see Equations 3, 4 and 5). The estimates of model 3 indicate whether the
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spillover variable is a good explanatory variable of the variation in tax responsiveness. All
models are estimated with maximum likelihood estimation using the arm package in R
(Gelman & Su 2013).

Empirical findings
Table 1 reports the empirical findings. Let us begin with the Level 2 variables that explain
tax variation between cantons. The estimates of the spillover variable show that the more a
canton benefits from the positive externalities of nearby metropolises, the lower the tax
levels are for high-income earners. Also, as expected, cantons that had – over the investigated time period – stronger government participation by the left, tax high-income earners
at higher levels. Furthermore, the findings on Level 2 indicate that cantons with a higher
GDP per capita have leverage to tax at lower levels, while higher debt burdens are
associated with higher taxes.
On Level 1, where tax rate variation over time is modeled, the most important explanatory variable is the spatial lag. The estimates of the spatial lag, which account for the
responsiveness of policy makers to the tax rate changes of competitors, document a very
substantial effect that is estimated with great precision. This supports the argument that
cantonal tax decision making is strongly driven by tax competition. Changes in the debt
levels, the government composition and the population size are, however, not systematically
associated with tax rate changes. GDP per capita is the only control variable on Level 1 with
a statistically significant negative correlation.
Comparing the estimates on Levels 1 and 2 illustrates the nuanced empirical testing that
multilevel modeling allows. For example, the findings of the variables on the government
participation of the left on Level 1 suggest that a shift within a canton to a more leftist
government is not systematically associated with tax rate increases, while the Level 2
estimates indicate that cantons that had – over the investigated time period – stronger
government participation by the left, tax at higher rates. This makes sense in the Swiss case.
Shifts in government composition do not lead to dramatic political changes because cantonal governments are typically consensual multiparty ones held accountable by direct
democratic institutions.
Finally, and most importantly, the findings show that there is substantial variation in
responsiveness between cantons. Model 1 assumes homogeneous responsiveness, while
model 2 adds a random effect for the spatial lag to allow for varying spatial lag coefficients.
The large drop in the deviance (a standard statistical summary of model fit) from 931.8 in
model 1 to 915.1 in model 2 documents the sharp improvement in model fit after allowing for
varying responsiveness. Based on that analysis, we can clearly reject the assumption of
homogeneous responsiveness. Furthermore, model 3 extends model 2 by introducing a
cross-level interaction, which not only lets the spatial lag coefficients vary between cantons,
it additionally models the spillover variable as an explanatory variable of the variation in tax
responsiveness. The findings indicate that the extent to which cantons benefit from spillover
indeed mediates tax responsiveness: the higher the spillover, the stronger the reaction of
policy makers to the tax rate changes of competitors. Given that model 2 is nested in model
3, we can again compare the model fit to analyse the statistical significance of the cross-level
© 2014 European Consortium for Political Research

(1)

(2)

(3)

Level 2 (variation between units)
Intercept
Spillover (z)
GDP per capita ( x1 )
Leftist government participation ( x2 )
Debt per capita ( x3 )
Population size ( x4 )

18.540*** (2.064)

18.554*** (1.824)

−0.965* (0.543)

−1.241*** (0.479)

17.868*** (1.852)
−0.907* (0.509)

−1.023*** (0.299)

−0.953*** (0.263)

−0.959*** (0.262)

0.155*** (0.045)

0.169*** (0.040)

0.169*** (0.039)

0.187* (0.109)

0.184* (0.097)

0.189* (0.097)

−0.128 (0.154)

−0.170 (0.135)

−0.170 (0.135)
0.663*** (0.027)

Level 1 (variation over time)
Lagged dependent variable ( ytw-1 )

0.687*** (0.028)

0.662*** (0.027)

Spatial lag ( Wytw )

0.484*** (0.050)

0.506*** (0.070)

0.246 (0.152)

−0.154*** (0.051)

−0.149*** (0.050)

−0.149*** (0.050)

GDP per capita ( x1wt )
Leftist government participation ( x2wt )
Debt per capita ( x3wt )
Population size ( x4wt )

0.080 (0.329)

0.066 (0.326)

0.039 (0.326)

−0.003 (0.013)

−0.000 (0.014)

0.004 (0.014)

0.010 (0.150)

−0.033 (0.146)

−0.047 (0.146)

Spillover * Spatial lag
Deviance

0.123* (0.065)
931.8

915.1

911.4

N (20 years * 26 cantons)

520

520

520

Varying intercepts

Yes

Yes

Yes

Varying spatial lag coefficients

No

Yes

Yes

Cross-level interaction

No

No

Yes

Note: Reported are the point estimates, the standard errors in parentheses and the significance levels (*** p > 0.01; ** p > 0.05; * p > 0.1).
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Figure 2. Varying spatial lag coefficients ±1 standard deviation plotted versus the spillover variable.
Notes: All estimates are based on model 3 of Table 1. Abbreviations (listed in the order of the federal
constitution): ZH (Zurich), BE (Bern), LU (Lucerne), UR (Uri), SZ (Schwyz), OW (Obwalden), NW
(Nidwalden), GL (Glarus), ZG (Zug), FR (Fribourg), SO (Solothurn), BS (Basel), BL (Basel District), SH
(Schaffhausen), AR (Appenzell Outer-Rhodes), AI (Appenzell Inner-Rhodes), SG (St Gallen), GR
(Grisons), AG (Aargau), TG (Thurgau), TI (Ticino), VD (Vaud), VS (Valais), NE (Neuchatel), GE
(Geneva) and JU (Jura).

interaction.The deviance drops from 915.1 in model 2 to 911.4 in model 3, and the likelihood
ratio test, comparing both models, estimates a p-value of 0.054, which shows that the
cross-level interaction adds substantial explanatory power to the model. Overall, the estimates of the model support the argument that spillover explains variation in tax competition.
However, the tax responsiveness of some outlier cantons deviates from what the spillover argument predicts (inflating the standard error of the cross-level interaction). Figure 2
plots the correlation between the spillover variable and the varying spatial lag coefficients
so as to visualise the cross-level interaction effect. The figure shows that the spillover
variable is, overall, a good predictor of the variation in responsiveness, yet the spatial lag
coefficients of a few cantons are not well explained by the spillover argument. The cantons
of Schwyz (SZ) and Zug (ZG), for example, respond less intensively to the tax rate changes
of competitors than expected. Policy makers in Zug and Schwyz may be confident that they
can keep mobile taxpayers in their cantons because of the very low tax levels. The small
rural canton of Appenzell Inner-Rhodes (AI) is another outlier with lower-than-expected
tax responsiveness, which might be due to its distinct direct democratic political institutions.
In sum, the findings show that there is large variation in tax responsiveness among Swiss
cantons and that part of that heterogeneity is because cantons compete on an uneven
playing field.

Relevance beyond the Swiss case
I have introduced multilevel modeling to study whether contextual factors condition the
extent to which governments react to the policy decisions made in other jurisdictions, and
© 2014 European Consortium for Political Research
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I have illustrated the method with the case of uneven tax competition in Switzerland. I will
now discuss several examples covering other policy areas and mechanisms of interdependence to show that the study of contextual variation in interdependent policy making is of
relevance beyond the Swiss case. A rather straightforward extension of the present study to
the international level builds on the argument that small countries compete more intensively for mobile tax sources than large ones (Bucovetsky 1991; Dehejia & Genschel 1998).
So far, this proposition has been supported empirically by showing that small countries tax
corporations at lower tax levels (Ganghof & Genschel 2008), which is, however, not a direct
test of tax competition dynamics. The multilevel set-up used in this study allows the testing
of whether the variation in population size between countries explains heterogeneity in the
extent to which governments react to the tax changes of competitors.
Apart from geographic and demographic factors, domestic political institutions are
another important variable conditioning competition among governments. Cao and
Prakash (2012), for example, argue that veto players mediate the extent to which countries
react to the decisions of trade competitors in environmental regulatory competition. We
might similarly expect that the responsiveness of governments is higher in countries with
majoritarian systems compared to consensus democracies. Using the unit fixed effects
specification, Cao and Prakash (2012) investigated whether changes over time (within
countries) in the veto player variable condition environmental regulatory competition.
Their findings show that decreasing political constraints are associated with increasing
responsiveness of governments to environmental regulatory changes of trade competitors.
With the introduced multilevel approach we can analyse how institutional variation
between countries mediates responsiveness (rather than how institutional variation over
time conditions interdependence), which is more appropriate if we want to explore the
variation of sticky political institutions between countries.
Finally, the study of contextual conditionality is not restricted to the competition mechanism and geographical or institutional arguments. For example, Lloyd et al. (2012) show
that issue framing is crucial in the proliferation of laws against human trafficking. They
argue that governments are more likely to criminalise human trafficking when it is linked
to transnational crimes, such as drug trafficking, money laundering and smuggling. Building
on their theory, we could expect that not all countries are equally exposed to the potential
negative externalities of transnational crimes. An interesting extension of their study could
thus investigate the variation between governments in their responsiveness to the
criminalisation of human trafficking. Following the analysis of Lloyd et al. (2012), a government is more likely to adopt policies against human trafficking the more it is confronted
with the problems of transnational crimes.
In sum, this discussion of different examples shows that the analysis of contextual
variation in responsiveness has the potential to provide us with a more nuanced understanding of interdependent policy making for various mechanisms and policy areas.

Conclusion
The empirical and theoretical unpacking of why policy makers react to the decisions made
in other jurisdictions is a challenging research task. Despite the vast amount of recently
© 2014 European Consortium for Political Research
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published work on that topic, we still know relatively little about the specific dynamics
driving interdependent policy making. I argue that focusing on contextual variation in
responsiveness between the units of analysis is a promising strategy for shedding light on
the black box of interdependence. The analysis of how, for example, institutional and
geographic factors explain the extent to which some governments react more strongly to
the decisions of others brings about a more nuanced picture of the mechanisms of interdependent policy making. In this article, I have discussed several examples covering different policy areas and mechanisms of interdependence to document the broader relevance of
the study of contextual variation in responsiveness.
I also introduced multilevel modeling that allows the empirical analysis of the mediating
effect of contextual (i.e., time-persistent) factors, such as institutional and geographic
variables, on interdependent policy making. I have illustrated the method by investigating
a typical case of how contextual variation between units shapes interdependence – namely
uneven tax competition for high-income earners in Switzerland. Building on uneven tax
competition and spillover models, I argued that cantons located near to metropolises attract
a relatively large share of mobile taxpayers by offering low taxes and the prospect of living
close to metropolises that provide a comprehensive set of public goods. As a consequence
of the increased share of mobile taxpayers, these cantons are more exposed to tax competition and their governments can thus be expected to be more responsive to the tax policy
changes of competitors. The analysis of exceptionally fine-grained data supports the
hypothesis that variation in the extent to which cantons benefit from the spillover of nearby
metropolises explains variation in tax responsiveness.
I believe that the study of the contextual conditionality of interdependence has the
potential to advance the literature by elaborating a more nuanced understanding of the
mechanisms of interdependent policy making. Apart from its importance for the academic
literature, the study of contextual variation in responsiveness is also of practical importance. The better political actors understand which jurisdictions react more (or less)
strongly to the decisions of other jurisdictions, the more effectively can they promote the
spread of specific reforms or – depending on their political interests – constrain the dynamics of interdependent policy making. In the case of Swiss tax competition the findings of this
study suggest that the containment of spillover effects, which could be achieved by shared
financing of public goods, would mitigate tax competition dynamics.
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Notes
1. An exception is the diffusion literature using event history analysis. Arguments on the context
conditionality are among the most interesting contributions of that literature (e.g., Shipan & Volden
2006).
2. For a helpful overview, see Genschel and Schwarz (2011).
3. On 28 November 2010, the electorate rejected this proposal with an overall disapproval rate of 58.5
per cent.
4. Gilardi and Wasserfallen (forthcoming) investigate 15 income categories that are, however, not
adjusted for inflation. Inflation-adjusted tax data are not available for so many income categories.
5. The data are calculated for a married person without children. Tax deductions for children can make a
difference, but that carries weight only for middle- and low-income families. The data are kindly
provided by the Swiss Federal Tax Administration.
6. See the online appendix for detailed descriptive statistics.
7. Data are available for travel by car and public transport in 2005. Both datasets are highly correlated. I
use car travel data because reports from the Federal Office for Spatial Development show that Swiss
people use a car for more than two-thirds of the covered travel distances. Many thanks to the Federal
Office for Spatial Development for sharing data.
8. Choosing other estimates than the mean only marginally changes the empirical findings (see the online
appendix for robustness checks).
9. Introducing the lagged dependent variable solves the problem of serial correlation. While the residuals
are strongly serially correlated in the model without the lagged dependent variable (p-value = 0.000),
they are not systematically correlated after including the lagged dependent variable (p-value = 0.477).
10. Results are robust when the control variables are lagged by one year.
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