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Introduction

Pollution Haven Hypothesis (PHH): reduced trade barriers enable
polluting multinational enterprises (MNEs) to outsource production
activities to areas with lax environmental regulation

Why do we care?
I Governments may attempt to attract foreign direct investment (FDI) at

the cost of environment
?! scope for international coordination

I Countries may use the degree of environmental stringency to in�uence

trade patterns
?! scope for incorporating environmental rules into

trade agreements
I Existing trade agreements (e.g., WTO) may prevent governments from
choosing a desired regulatory regime due to �unintended�e¤ect on
trade patterns

Hence, an empirical examination of the validity of the PHH is
extremely relevant from a policy perspective
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Understanding FDI determinants is also important in its own right;
tremendous growth of late
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U.S. is largest host of
global FDI
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Literature Review

Environmental stringency does a¤ect FDI location decisions
I Kellenberg (2009), Fredriksson et al. (2003), Keller and Levinson
(2002), List and Co (2000)

Environmental stringency does not a¤ect FDI location decisions
I List et al. (2004), Eskeland and Harrison (2003)

Heterogeneous e¤ects of environmental stringency on FDI location
decisions

I Dean et al. (2009) ... country of origin, pollution intensity
I Henderson and Millimet (2006) ... nonparametric estimates
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Potential shortcomings of the existing literature
1 Environmental regulation is di¢ cult to measure

F Measurement error bias can be exacerbated in �xed e¤ects model
(common in literature)

2 Typically, spatial e¤ects are not controlled for or done so in a
theoretically inconsistent way

F Third-country e¤ects recently shown to be quite relevant to FDI
location decisions (Blonigen et al. 2007; Baltagi et al. 2007, 2008)

F Conditional logit models are too restrictive

3 Very few attempts to address the issue of endogeneity of
environmental stringency

F Kellenberg 2009; Levinson and Taylor 2008; Ederington and Minier
2003; Fredriksson et al. 2003

F Even so, instruments are suspect
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Contribution

To �x ideas, typical model of PHH

ln(FDIit ) = ηi + λt + xitβ+ τRit + εit

where FDIit is inbound FDI to location i in time t, η and λ are
location and time e¤ects, x are controls, and R is a proxy for
environmental regulation

Our contribution:
1 Incorporate spatial e¤ects into an empirical model of the PHH
2 Address endogeneity and measurement error using four novel
identi�cation strategies

F Di¤erencing IV strategy based on Pitt and Rosenzweig (1990)
F Higher Moments IV strategy of Lewbel (2010)
F Control Function approach of Klein and Vella (2009)
F Covariance Restrictions strategy of Chamberlain and Griliches (1975)
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Data
From Keller and Levinson (2002)
Cover the 48 contiguous U.S. states from 1977-1994, omitting 1987
Two FDI measures

I Value of gross property, plant, and equipment of foreign-owned a¢ liates
I Employment at foreign-owned a¢ liates

Sectors
I All manufacturing
I Chemicals
I Metals
I Food and Kindred Products
I Machinery

Measure of regulation: Levinson�s (2001) measure of relative
abatement costs (RAC)
Covariates: average production-worker wages, land prices, energy
prices, total road mileage, unemployment rate, unionization rate,
market proximity, population, tax e¤ort
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Levinson�s (2001) RAC measure

Rit =
PACEit/Yit
\(PACEit/Yit )

where
I PACE = pollution abatement costs
I Y = gross state product (GSP)
I \(PACEit/Yit ) = predicted PACE per unit of GSP; i.e.,

\(PACEit/Yit ) =
1
Yit

∑39m=20

�
Yimt
Yit

�
PACEmt

where m = 20, ..., 39 indexes 2-digit SIC manufacturing sectors

Hence, R is the ratio of actual abatement costs per dollar of output
to predicted abatement costs per dollar of output given the industrial
composition of states
State is

Rit =

8<:
> 1 stringent
= 1 average
< 1 lax
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Empirical Model

�Structural�model is

ln(FDIit ) = ηi + λt +

+∑k

264βk ln(xikt )| {z }
own e¤ects

+ δk ln
�
∑j ωijxjkt

�| {z }
spatial e¤ects

375+ εit

where k indexes covariates and R is one such covariate, and ωij

weight attached to state j by state i

FE estimation requires all x�s be strictly exogenous

Not likely for Rit , ∑j ωijRjt
I εit captures local political activism, corruption, transboundary
pollution, measurement error, ...

I Rit may respond to past shocks impacting FDI

Need an alternative identi�cation strategy
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Before turning to identi�cation, a few comments on the weights, ω

I The weights must be speci�ed
I Speci�cation of the weights is admittedly ad hoc, but

F In general, this is really just an issue of proper interpretation: estimates
are a lower bound of spatial e¤ects

F In other words, mis-speci�cation of the weights should be thought of as
measurement error

F Solutions: sensitivity to di¤erent weighting schemes, or IV

Here, we use three weighting schemes
1 Contiguous neighbors
2 BEA regional neighbors
3 Crone (1998/1999) regional de�nition
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BEA Regions
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Crone Regions
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Identi�cation Strategy #1
Pitt & Rosenzweig (1990) - Type Approach

Original setup
I Assess di¤erential e¤ect of endogenous household-level variable (infant
illness) on children (health and time allocation) by gender

I So, setup entails two types of children and a common aggregate
(household) variable with possible di¤erential returns

I Absent typical instruments, solution proposed is to estimate the
di¤erential e¤ect of the endogenous variable on boys versus girls,
generating instruments by assuming some exogenous variables have
equal e¤ects on boys and girls

Our setup
I Assess di¤erential e¤ect of endogenous state-level variable (regulation)
on two types of FDI

I Here, we partition sectors into pollution-intensive (PI) and
non-intensive (NPI) sectors

I Instruments are generated by assuming some exogenous variables have
equal e¤ects on PI and NPI sectors
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US inbound FDI in PI manufacturing sectors

ln(FDI pit ) = eηpi + eλpt
+

K1

∑
k=1

�
βp1k ln(x1ikt ) + δp1k ln

�
∑j ωijx1jkt

��
+

K2

∑
k=1

�
β2k ln(x2ikt ) + δ2k ln

�
∑j ωijx2jkt

��
+ εpit

where
I FDIit : aggregate inbound FDI into state i at time t; eηi are state
e¤ects; eλt are time e¤ects

I x1ikt : average production-worker wages, land prices, energy prices,
total road mileage, unemployment rate, unionization rate, RAC in state
i at time t; RAC denotes relative abatement cost

I x2ikt : market proximity, population, tax e¤ort in state i at time t
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US inbound FDI in NPI manufacturing sectors

ln(FDI npit ) = eηnpi + eλnpt
+

K1

∑
k=1

�
βnp1k ln(x1ikt ) + δnp1k ln

�
∑j ωijx1jkt

��
+

K2

∑
k=1

�
β2k ln(x2ikt ) + δ2k ln

�
∑j ωijx2jkt

��
+ εnpit

where
I FDIit : aggregate inbound FDI into state i at time t; eηi are state
e¤ects; eλt are time e¤ects

I x1ikt : average production-worker wages, land prices, energy prices,
total road mileage, unemployment rate, unionization rate, RAC in state
i at time t; RAC denotes relative abatement cost

I x2ikt : market proximity, population, tax e¤ort in state i at time t
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Subtracting the NPI equation from PI equation (∆ ) PI�NPI)

∆ ln(FDIit ) = ηi + λt +

+
K1

∑
k=1

�
∆β1k ln(x1ikt ) + ∆δ1k ln

�
∑j ωijx1jkt

��
+ ∆εit

Notes:
I ln(x2ikt ) and ln

�
∑j ωijx2jkt

�
, k = 1, ...,K2, are available as exclusion

restrictions
I Identi�cation requires choosing x2 and imposing βp2 = βnp2 = β2
I K2 > 1 ) the usual overidenti�cation test constitutes a test of the
restrictions imposed

I ηi are replaced with region e¤ects (eηpi � eηnpi is assumed to be constant
within regions)

I Unless environmental stringency is assumed to have no e¤ect on FDI in
the NPI sector, only di¤erential e¤ects of own and neighboring
environmental stringency on PI FDI relative to NPI FDI are identi�ed
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Results
Pitt & Rosenzweig (1990) - Type Approach
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Results
Pitt & Rosenzweig (1990) - Type Falsi�cation Test

Additional check on the identi�cation strategy

Intuition
I If the strategy is valid and correctly identi�es a signi�cant e¤ect of
environmental stringency in PI sectors relative to NPI sectors, then the
corresponding coe¢ cients should be insigni�cant when two NPI sectors
are compared

I Also, if environmental stringency is correctly identi�ed to have no
signi�cant e¤ects in PI sectors relative to NPI sectors, then the
corresponding coe¢ cients should continue to remain insigni�cant when
two NPI sectors are compared

2 NPI sectors considered: Food and Kindred Products and all other
non-chemical manufacturing sectors

E¤ects of own and neighboring stringency levels are mostly
insigni�cant in IV models where instruments pass relevant
speci�cation tests
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Identi�cation Strategy #2
Lewbel (2010) - Type Approach

Lewbel (2010) considers identi�cation in triangular and simultaneous
equation systems

Typical solution is IV

Absent typical instruments, solution utilizes higher moments of the
data

Similar estimators proposed in Lewbel (1997), Ebbes et al. (2004)
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Model

ln(FDIit ) = ηi + λt +
K

∑
k=1

�
βk ln(xikt ) + δk ln

�
∑j ωijxjkt

��
+ εit

IVs utilized for Rit and ∑j ωijRjt are

ezijt = (zit � z)bζ ijt , j = 1, 2
where

I ζj is the error in the �rst-stage regression for endogenous regressor j
I z � x satisfying

E[z 0ζ2j ] 6= 0 (correlated with error variance)

E[z 0εζj ] = 0 (uncorrelated with error covariance)

j = 1, 2, which is feasible if endogeneity is due to a common
unobserved factor

I In practice, z includes land prices, total road mileage, and market
proximity (and spatial analogs)
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Results
Lewbel (2010) - Type Approach
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Identi�cation Strategy #3
Klein & Vella (2009) Approach

Structural Model

ln(FDIit ) = XitΠ+ τ1Rit + τ2
_
R it + εit

Rit = XitΠ1 + ζ1it
_
R it = XitΠ2 + ζ2it

where R and
_
R are own and spatially lagged RAC, X includes all

other regressors (own and spatially lagged exogenous vars and state
and time FEs)

Identi�cation relies on the assumption of heteroskedastic errors, but
constant correlation

As in Lewbel (2010) approach, this is feasible if endogeneity is due to
a common unobserved (homoskedastic) factor
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Assumptions
I E[εit jXi ] = E[ζjit jXi ] = 0, j = 1, 2
I εit = Sε (Xit ) ε�it
I ζjit = Sj (Xit )ζ

�
jit , j = 1, 2

I Sε (Xit ) /Sj (Xit ), j = 1, 2, are not contant across i (crucial)
I E(ε�it ζ

�
jit ) = ρj , j = 1, 2

where ε�jit , ζ�1it , and ζ�2it are homoskedastic errors

Heteroskedasticity speci�cation (zj � X , j = ε, 1, 2)

S2εit = exp (zεitθε)

S2jit = exp (zjitθj ) , j = 1, 2

In practice
I zj includes land prices, total road mileage, and market proximity (as in
Lewbel-type approach)

I zε includes market proximity, wages, and population (chemicals) or
market proximity (total manufacturing)
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De�ne

eεit � εit � A (Xit ) ζ1it � B (Xit ) ζ2it

A (Xit ) � Cov (εit , ζ1it jXi )
Var(ζ1it jXi )

= ρ1
Sε (Xit )
S1 (Xit )

B (Xit ) � Cov (εit , ζ2it jXi )
Var(ζ2it jXi )

= ρ2
Sε (Xit )
S2 (Xit )

The FDI equation can now be re-written as

ln(FDIit ) = XitΠ+ τ1Rit + τ2
_
R it + ρ1

Sε (Xit )
S1 (Xit )

ζ1it + ρ2
Sε (Xit )
S2 (Xit )

ζ2it| {z }
control function

+eεit
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Estimation
1 Regress Rit on Xit and obtain bζ1it
2 Regress

_
R it on Xit and obtain bζ2it

3 Estimate θj regressing ln
�bζ2jit� on zjit ; compute bSjit = rexp�zjitbθj�,

j = 1, 2
4 Using bζ1it , bζ2it , bS1it , and bS2it , obtain consistent estimates via NLS:
min

β,τ1,τ2,ρ1,ρ2,θε
∑i ,t

24 ln(FDIit )� XitΠ� τ1Rit � τ2
_
R it

� ρ1
p
exp (zεit θε)

� bζ1itbS1it �� ρ2
p
exp (zεit θε)

� bζ2itbS2it �
352

5 Estimate θε (again) by regressing ln
�bε2it� on zεit , where

bεit = ln(FDIit )� Xit bΠ� bτ1Rit � bτ2 _R it ,
and compute bSεit =

r
exp

�
zεitbθε

�
6 Estimate via OLS:

ln(FDIit ) = XitΠ+ τ1Rit + τ2
_
R it + ρ1

 bSεitbS1it bζ1it
!
+ ρ2

 bSεitbS2it bζ2it
!

| {z }
control function

+eεit
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Results
KV (2009) - Type Approach
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Identi�cation Strategy #4
Chamberlain & Griliches (1975) - Type Approach

Basic Idea
I Triangular system

yi = βxi + τRi + εi

Ri = πxi + ζ i

I Reduced forms

yi = (β+ τπ)xi + [εi + τζ i ] = (β+ τπ)xi +eεi
Ri = πxi + ζ i

I Note that τ is also in the reduced form error
I Without an IV, τ is not identi�ed either from the reduced form
coe¢ cient on x nor from the covariance matrix, Σ

I However, we can estimate τ from Σ if we place restrictions on Σ
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With only 1 outcome, Σ is 2� 2

Σ =

"
σ2ε + τ2σ2ζ + 2τσεζ τ2σ2ζ + σεζ

σ2ζ

#

which entails 3 moment conditions and 4 unknowns: τ, σ2ε , σ
2
τ, σεζ

Plausible restrictions not likely

With additional outcomes (e.g., FDI by sector), time periods, and
endogenous regressors, moments grow faster than parameters under
certain (more plausible) restrictions (Chamberlain MIMIC model)
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Primary restrictions imposed
I Endogeneity is due to a common unobserved factor, uit � AR(1)
I Factor has identical e¤ect on all FDI measures
I Idiosyncratic errors are iid

I Measurement error in Rit and
_
R it have identical variance

I Normal distribution

Estimation by ML imposing restrictions on Σ

lnLi = �
1
2

�
ln jΣj+eε0iΣ�1eεi +M ln(2π)

�
under iid observations, where eε is a vector of reduced form errors and
M is the dimension of eεi (M = 6)
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Results
Chamberlain & Griliches (1975) - Type Approach

TBD
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Conclusion

Lack of typical instruments has plagued PHH literature

PHH literature has also ignored spatial e¤ects known to impact FDI
location

Thus far, our atypical identi�cation approach suggests stronger,
negative e¤ects of environmental regulation on FDI ... particularly in
pollution-intensive industries and measured by employment

Little impact of neighboring environmental regulation (but spatial
e¤ects may matter for other regressors)
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