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ch�na has been the largest rec�p�ent of fore�gn d�rect �nvestment (FdI) �n the 
develop�ng world s�nce 1990, and there has been a profound change �n ch�na’s 
fore�gn �nvestment pol�cy �n the past decade. It �s acknowledged generally that 
FdI has played a s�gn�ficant role �n promot�ng ch�na’s rap�d econom�c growth 
through meet�ng the gaps of cap�tal shortage, push�ng technology sp�ll-over 
towards local firms and �mprov�ng the degree of ch�na’s econom�c openness 
(cheung and l�n 2004; Yao 2006). Fore�gn d�rect �nvestment has, however, also 
had some negat�ve �mpacts on ch�na’s economy, wh�ch have �ncreas�ngly 
aroused concern. Among them, the env�ronmental consequences of the entry 
of fore�gn firms have attracted much attent�on: FdI could be a contr�but�ng 
factor to the ser�ous env�ronmental damage that has accompan�ed ch�na’s rap�d 
econom�c growth. Quest�ons can be asked about whether further �ncreases 
�n FdI w�ll �ntens�fy pressure for env�ronmental protect�on �n ch�na. Wh�le 
fore�gn �nvestments �n pollut�on-�ntens�ve �ndustr�es, �nclud�ng m�n�ng, have 
accounted for a large share of ch�na’s total FdI,1 does fore�gn �nvestment cause 
more pollut�on em�ss�ons and therefore env�ronmental damage, as �s the fear 
of most people �n ch�na?

one of the most popular v�ewpo�nts about the effect of econom�c openness 
on env�ronmental qual�ty �s the ‘pollut�on haven hypothes�s’ (Phh), wh�ch 
supposes that develop�ng countr�es �n general have comparat�ve advantages 
�n pollut�ng sectors due to the�r relat�vely lax env�ronmental regulat�on. As a 
result, by relocat�ng pollut�on-�ntens�ve �ndustr�es from r�cher countr�es to poor 
countr�es through e�ther �nternat�onal trade or FdI, mult�nat�onal firms can 
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ach�eve lower product�on costs �n the host country. A corollary �s the ‘race to 
the bottom’ phenomenon—that �s, �n order to attract more fore�gn �nvestment, 
develop�ng countr�es m�ght del�berately undervalue the�r env�ronmental 
damage, and lower the�r env�ronmental standards. A number of emp�r�cal 
stud�es have exam�ned the relat�onsh�p between fore�gn �nvestment and local 
env�ronmental pollut�on �n host countr�es; however, the�r est�mat�on results are 
generally m�xed. Two poss�ble reasons could expla�n why tests on the pollut�on 
haven hypotheses have so far not been able to prov�de conclus�ve results. The 
first �s that econometr�c results could suffer from om�tted var�ables and model 
spec�ficat�on as well as from the pollut�on-em�ss�on �nd�cators the authors 
have chosen. second, wh�le fore�gn firms m�ght cause �ncreased pollut�on 
em�ss�ons �n host countr�es, they also help to reduce local pollut�on em�ss�ons 
by adopt�ng cleaner technology and through the product�v�ty sp�ll-over effect. 
As a result, the effect of fore�gn �nvestment on local env�ronmental qual�ty could 
be amb�guous, wh�ch �mpl�es that the relat�onsh�p between FdI and pollut�on 
em�ss�ons could be non-l�near. 

s�nce a l�near relat�onsh�p has generally been assumed �n most prev�ous 
stud�es, few researchers have exam�ned the poss�ble non-l�near �mpact of 
fore�gn �nvestment on local env�ronmental pollut�on. In th�s chapter, we attempt 
to check emp�r�cally whether there �s such a non-l�near effect of FdI on pollut�on 
�n host countr�es, by us�ng ch�na’s panel data of prov�nces. The rema�nder of 
th�s chapter �s organ�sed as follows: the next sect�on prov�des a rev�ew of the 
l�terature and the mot�vat�on for our research. sect�on three �ntroduces the 
model spec�ficat�on and data descr�pt�ons. sect�on four presents our emp�r�cal 
results, and sect�on five prov�des the conclus�on.

Literature review

A number of econometr�c stud�es have exam�ned whether d�fferences �n 
env�ronmental standards among host countr�es can act as determ�nants of the 
locat�on of fore�gn �nvestment, and three approaches have been used (dean 
et al. 2004).2 The first approach �s a cross-country data study. For example, �n 
the�r study on the locat�on cho�ce of mult�nat�onal firms across eastern europe 
and the former sov�et Un�on, smarzynska and We� (2001) cons�der the roles 
played by corrupt�on and env�ronmental regulat�on, and the�r est�mat�on results 
do not support the �dea that lower env�ronmental standards lead to �ncreased 
fore�gn �nvestment. The second approach �s an �nter-state data study, wh�ch 
�nvest�gates ma�nly whether env�ronmental str�ngency affects the locat�on 
dec�s�ons of firms across the Un�ted states (for example, lev�nson 1996; keller 
and lev�nson 2002; l�st et al. 2004; henderson and m�ll�met 2007). The th�rd 



245

The environmental consequences of foreign direct investment in China

approach �s an �nter-�ndustry data study. For example, eskeland and harr�son 
(2003) exam�ne the locat�on dec�s�ons of fore�gn firms across d�fferent �ndustr�es 
w�th�n countr�es, �nclud�ng mex�co and morocco. s�m�lar to smarzynska and 
We� (2001), the authors find that abatement costs are not a s�gn�ficant var�able 
�n determ�n�ng the locat�on of fore�gn firms among manufactur�ng �ndustr�es 
w�th�n one country. Add�t�onally, eskeland and harr�son (2003) found that fore�gn 
ownersh�p was related s�gn�ficantly to lower pollut�on �ntens�ty. 

What should be ment�oned �s that emp�r�cal work des�gned to test the 
pollut�on haven hypothes�s has so far not been able to prov�de conclus�ve 
results,3 wh�ch could be expla�ned by two factors. F�rst, the econometr�c results 
could suffer from the problems of om�tted var�ables, model spec�ficat�on 
and measurement errors (letchumanan and kodama 2000). As well as these 
problems, the est�mated effects of fore�gn �nvestment on env�ronmental 
qual�ty �n a host country are l�kely to be �nfluenced by the pollutant �nd�cator 
prox�es adopted. second, �t has also been proposed that fore�gn �nvestment 
could help �mprove local env�ronmental qual�ty �n host countr�es. For example, 
s�nce mult�nat�onal firms apply a un�versal env�ronmental standard, they tend 
to d�ffuse the�r clean technology among the�r local counterparts �n the host 
country, wh�ch generates the ‘pollut�on halo hypothes�s’ (B�rdsall and Wheeler 
1993; chudnovsky and lopez 1999). Add�t�onally, fore�gn �nvestment could 
cause technolog�cal sp�ll-overs to the local firms, crowd�ng out �neffic�ent 
local firms and �mprov�ng the effic�ency of energy and resource usage, wh�ch 
helps to decrease local pollut�on em�ss�ons (Wayne and shadbeg�an 2002; 
l�ang 2006).

The �mpacts of the entry of fore�gn firms on ch�na’s env�ronmental qual�ty 
and pollut�on em�ss�ons have also been stud�ed. For example, by us�ng the 
data from about 1,000 �ndustr�al firms �n three ch�nese prov�nces, Wang and 
J�n (2002) explore the d�fferences �n the pollut�on control performance of 
�ndustr�es w�th d�fferent types of ownersh�p. They find that fore�gn-owned and 
collect�vely owned enterpr�ses have the best env�ronmental performance �n 
terms of water pollut�on d�scharge �ntens�ty, wh�le state-owned enterpr�ses and 
pr�vately owned enterpr�ses �n ch�na are the worst performers. To expla�n the�r 
find�ngs, Wang and J�n suggest that fore�gn-owned enterpr�ses m�ght adopt 
more env�ronmentally fr�endly technology �n the�r product�on than other firms. 
s�m�larly, based on data from ch�na’s 260 c�t�es, l�ang (2006) also shows that 
the entry of fore�gn �nvestment doesn’t harm env�ronmental qual�ty �n ch�na, 
s�nce a negat�ve relat�onsh�p �s found between FdI and a�r pollut�on. spec�fically,  
a 1 per cent �ncrease �n FdI w�ll decrease sulphur d�ox�de em�ss�on �ntens�ty 
by 0.6–0.7 per cent, accord�ng to l�ang (2006). A s�multaneous est�mat�on 
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techn�que has been appl�ed �n he (2002) to decompose the �mpact of FdI on 
sulphur d�ox�de em�ss�ons �nto the scale, techn�que and compos�t�on effects. 
By us�ng ch�na’s c�ty-level panel data from 1993–99, he (2002) reached a s�m�lar 
conclus�on: that the entry of FdI helped reduce sulphur d�ox�de em�ss�ons. 
Add�t�onally, others cons�dered the role of �ndustr�al compos�t�on and sources of 
fore�gn �nvestment. For example, dean et al. (2004) find that the env�ronmental 
consequence of FdI var�es w�th �ts sources. Wh�le FdI or�g�nat�ng from hong 
kong, Ta�wan and macao �s attracted to prov�nces w�th weak env�ronmental 
controls, FdI from non-ch�nese sources �s attracted to areas w�th h�gher levels 
of sk�lled labour and h�gh pollut�on lev�es. 

Table 11.1 Selected literature on the relationship between FDI and 
pollution

Authors sample data Pollutant prox�es conclus�ons

eskeland and  Us outward �nvestment Var�ous prox�es,  + (compared
harr�son (2003) �n four countr�es,   �nclud�ng a�r and  w�th local firms)
 �nclud�ng mex�co and  water pollut�on
 morocco 

smarzynska and  Fore�gn �nvestments Inventory of tox�ns –
We� (2001) across 25 trans�t�onal  released
 econom�es

Wang and J�n  data from more than so2, suspended + (compared
(2002) 1,000 firms �n ch�na part�culate matter w�th state-owned  
   enterpr�ses and   
   pr�vate enterpr�ses)

dean et al. (2004) 2,886 manufactur�ng  Water pollut�on Fore�gn �nvestment
 jo�nt-venture projects   sources do matter
 dur�ng 1993–96 �n ch�na

he (2002) ch�na’s c�ty-level panel  so2 +
 data from 1993–99

l�ang (2006) data from ch�na’s  so2 +
 260 c�t�es

Note: The ‘+’ s�gn denotes that fore�gn �nvestments helped �mprove local env�ronmental 
qual�ty �n host countr�es. 
Source: Authors’ own summary.



247

The environmental consequences of foreign direct investment in China

s�nce a l�near relat�onsh�p between FdI and pollut�on em�ss�ons has 
generally been assumed �n these stud�es, few have cons�dered a non-l�near 
poss�b�l�ty—as far as we know. could the env�ronmental �mpact of FdI be non-
l�near? There are two ma�n mot�vat�ons for our research. F�rst, the log�c of the 
non-l�near FdI–pollut�on nexus �s very s�m�lar to the well-known env�ronmental 
kuznets curve (ekc) hypothes�s, wh�ch states that the relat�onsh�p between 
econom�c growth and pollut�on em�ss�ons could follow an �nverted-U curve—
namely, env�ronmental degradat�on worsens �n the early stages of growth, but 
eventually reaches a peak and starts decl�n�ng as �ncomes exceed a certa�n 
threshold.4 The log�c of an ekc relat�onsh�p �s �ntu�t�vely appeal�ng. In the first 
stage of �ndustr�al�sat�on, pollut�on grows rap�dly because h�gh pr�or�ty �s g�ven 
to �ncreas�ng mater�al output, and people are more �nterested �n �ncreas�ng jobs 
and �ncomes than hav�ng clean a�r and water (dasgupta et al. 2002). The rap�d 
growth results �nev�tably �n greater use of natural resources and �ncreased 
em�ss�ons of pollutants, wh�ch �n turn put more pressure on the env�ronment. 
People are too poor to pay for abatement and d�sregard the env�ronmental 
consequences of growth. In the late stage of �ndustr�al�sat�on, as �ncomes r�se, 
people value the env�ronment more, the regulatory �nst�tut�ons become more 
effect�ve and, as a consequence, pollut�on levels decl�ne. The ekc hypothes�s 
therefore pos�ts a well-defined relat�onsh�p between the level of econom�c 
act�v�ty and env�ronmental pressure (defined as the level of concentrat�on 
of pollut�on or flow of em�ss�ons, deplet�on of resources and so on). such an 
�nverted-U curve relat�onsh�p could naturally extend to the FdI–pollut�on nexus: 
�n the �n�t�al stage of FdI ut�l�sat�on, the entry of mult�nat�onal firms leads to a 
h�gher scale of product�on act�v�t�es �n host countr�es. meanwh�le, people �n the 
poor host country have low demands for a clean env�ronment, as the pollut�on 
damage �s tr�v�al, so fewer resources w�ll be allocated to abate env�ronmental 
pollut�on. As a result, fore�gn �nvestment causes pollut�on em�ss�ons �n host 
countr�es to r�se; however, as the �ncome levels of the host country’s res�dents 
�ncrease stead�ly w�th the accumulat�on of fore�gn �nvestment, people become 
less tolerant of decl�n�ng env�ronmental qual�ty, propell�ng the government to 
�mplement more str�ngent env�ronmental regulat�ons, and, therefore, more 
pollut�on abatement endeavours w�ll be undertaken. meanwh�le, as fore�gn firms 
adopt more env�ronmentally fr�endly techn�ques, the entry of FdI can cause 
a sp�ll-over effect of clean technology to local firms, wh�ch eventually affects 
the �ndustr�al structure �n host countr�es. As a result, once a certa�n threshold 
has been passed, fore�gn �nvestment w�ll be benefic�al to local env�ronmental 
qual�ty.5 



248

China’s Dilemma

second, concern�ng the relat�onsh�p between FdI and pollut�on �n ch�na, 
�t �s hard to prov�de strong ev�dence to support the l�near assumpt�on. 
Although �t has been found (Wang and J�n 2002; he 2002; l�ang 2006) that 
fore�gn �nvestment generally helps to reduce ch�na’s pollut�on em�ss�ons, the 
env�ronmental effect of FdI var�es s�gn�ficantly between d�fferent reg�ons �n 
ch�na, as shown �n Table 11.2. Wh�le the eastern reg�on has accounted for a 
much larger share of FdI than other reg�ons �n the past due to �ts geograph�cal 
locat�on and �ts �nfrastructure fac�l�ty advantage, prov�nces �n the eastern 
reg�on have not performed much better than those �n other reg�ons �n terms of 
env�ronmental protect�on. For example, Guangdong ranks the h�ghest �n terms 
of attract�ng FdI, w�th the largest average share of 27.5 per cent. Its pollut�on 
behav�our �s, however, very s�m�lar to hube�, hunan and Gu�zhou, all of wh�ch 
are �n central or western ch�na. em�ss�on levels of four pollut�on �nd�cators �n 
Guangdong, �nclud�ng ‘water’, ‘cod’ (chem�cal oxygen demand), ‘smoke’ and 
‘solid’, have a mean value s�m�lar to those �n hube�; however, the mean value 
of FdI �n hube� �s less than one-tenth of that �n Guangdong. Add�t�onally, even 
w�th�n the eastern reg�on, the performance of �nd�v�dual prov�nces var�es. For 
�nstance, dur�ng 1992–2004, the em�ss�on levels of three pollutants, exclud�ng 
cod, showed an �ncreas�ng trend �n Guangdong, wh�ch �mpl�es that �t em�ts more 
pollut�on to the local env�ronment than other eastern prov�nces. In compar�son, 
shangha� behaves much better than Guangdong, as �ts em�ss�on levels of the 
four pollutants all decl�ne, except solid. such casual observat�on demonstrates 
that, �n terms of local env�ronmental qual�ty, wh�le some prov�nces benefit from 
the entry of fore�gn firms, others lose. In other words, the potent�al relat�onsh�p 
between FdI and the local env�ronment could be non-l�near rather than the 
l�near one assumed prev�ously. 

Model specification and data description

To exam�ne the non-l�near �mpact of fore�gn �nvestment on ch�na’s pollut�on 
em�ss�ons, we use ch�na’s panel data from 29 prov�nces dur�ng 1992–2004. 
T�bet �s excluded from the sample due to the unava�lab�l�ty of data for certa�n 
�nd�cators. chongq�ng became a mun�c�pal�ty only �n 1997, so we �ntegrate �ts 
data �nto that for s�chuan Prov�nce as a whole. our est�mat�on model �s set 
as follows. 

Pit=ci+ γt+ α1 fdiit+ α2 fdiit
2+ α3scaleit+ α4compit+ α5techit+ βCVit+ εit   (1)

�n wh�ch Pit denotes var�ous pollutant em�ss�ons �n prov�nce i for year t; fdiit 
denotes FdI �n prov�nce i for year t; ci and γt denote reg�onal and t�me-spec�fic 
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Table 11.2 FDI and pollution emissions among different provinces

 FDI cod smoke gas water solid
 Us$100  (10 (10 (10 (100 (100
 m�ll�on m�ll�on kg) m�ll�on kg) m�ll�on kg) b�ll�on kg) b�ll�on kg)
Guangdong 113.76 29.51 (-12) 23.63 (2.4) 72.96 (61.51) 12.89 (2.27) 0.17 (0.08)
J�angsu 61.73 35.01 (-13.43) 46.03 (-14) 112.92 (-1.46) 22.38 (3.86) 0.31 (0.22)
shangha� 37.77 10.02 (-15.84) 10.24 (-9.56) 38.82 (-16.41) 9.29 (-8.06) 0.13 (0.06)
shandong 34.73 68.79 (-28.03) 55.13 (-6.6) 174.73 (-71.28) 10.42 (4.22) 0.53 (0.39)
Fuj�an 34.25 14.67 (-9.81) 8.24 (3.00) 18.55 (16.93) 6.79 (5.18) 0.19 (0.26)
l�aon�ng 22.44 29.66 (-23.82) 56.54 (-33.1) 81.38 (-42.48) 11.96 (-6.12) 0.75 (0.08)
Zhej�ang 20.86 29.12 (-6.55) 20.27 (2.80) 56.80 (27.71) 12.45 (4.86) 0.13 (0.13)
Be�j�ng 16.21 4.79 (-9.07) 7.65 (-7.7) 22.16 (-24.38) 2.90 (-2.70) 0.11 (0.04)
T�anj�n 15.70 6.29 (-5.74) 8.12 (-0.40) 22.18 (-2.88) 2.04 (0.15) 0.05 (0.03)
hube� 10.72 27.77 (-19.8) 24.86 (4.40) 49.38 (11.95) 11.95 (4.71) 0.24 (0.13)
hebe� 7.76 36.18 (11.78) 54.12 (8.60) 109.27 (28.56) 9.53 (3.73) 0.77 (1.11)
hunan 7.47 31.43 (-12.4) 33.97 (17.5) 57.67 (21.86) 13.41 (-5.52) 0.22 (0.12)
ha�nan 6.27 3.30 (-5.32) 1.39 (-0.10) 2.21 (-0.26) 0.76 (-0.34) 0.01 (-0.00)
J�angx� 6.11 11.95 (-13.11) 21.72 (-8.50) 31.86 (15.23) 5.51 (-1.97) 0.44 (0.31)
Guangx� 6.10 56.85 (27.14) 36.82 (25.00) 66.91 (28.02) 9.37 (2.89) 0.20 (0.19)
henan 5.02 45.06 (-5.76) 52.33 (27.70) 71.50 (53.55) 10.10 (2.23) 0.33 (0.29)
s�chuan 4.82 49.32 (7.29) 73.23 (20.50) 153.40 (6.25) 17.90 (0.32) 0.49 (0.31)
he�longj�ang 4.14 19.56 (-15.23) 43.63 (-11.9) 26.41 (-2.48) 6.04 (-3.22) 0.31 (-0.06)
Anhu� 3.69 22.15 (-25.8) 23.74 (-3.5) 38.74 (1.82) 7.30 (-3.32) 0.29 (0.12)
J�l�n 3.16 20.69 (-14.13) 29.63 (-3.3) 22.32 (-1.87) 3.94 (-1.18) 0.16 (0.05)
shaanx� 3.03 11.03 (6.68) 35.21 (-2.9) 63.57 (3.79) 3.40 (-0.14) 0.23 (0.22)
shanx� 1.82 16.98 (-21.67) 64.72 (49.4) 94.27 (35.05) 3.76 (-0.91) 0.61 (0.62)
ne�menggu 1.26 17.04 (5.24) 40.40 (-48.40) 66.78 (29.61) 2.46 (-0.41) 0.27 (0.26)
Yunan 1.06 19.56 (-7.35) 17.93 (-1.20) 31.31 (15.07) 3.97 (-0.56) 0.26 (0.22)
X�nj�ang 0.75 12.46 (5.83) 12.80 (0.10) 23.01 (7.95) 1.73 (-0.09) 0.07 (0.07)
Gu�zhou 0.69 5.26 (-2.99) 27.37 (-5.70) 66.04 (-11.50) 2.40 (-1.28) 0.22 (0.32)
Gansu 0.61 5.06 (-2.40) 14.57 (-1.30) 36.21 (8.35) 2.98 (-1.92) 0.15 (0.09)
Q�ngha� 0.52 0.40 (-0.34) 4.60 (2.10) 2.87 (4.30) 0.45 (-0.18) 0.03 (0.02)
n�ngx�a 0.25 6.57 (2.33) 9.93 (-2.40) 20.63 (4.23) 0.92 (0.16) 0.04 (0.02)

Note: We l�st the mean value of each �nd�cator dur�ng 1992–2004, and the values �n 
parentheses are the em�ss�on levels �n 2004 m�nus those �n 1992 for each pollutant—measur�ng 
the change �n pollut�on em�ss�ons. water �s �ndustr�al polluted water; solid �s �ndustr�al sol�d 
wastes; cod �s chem�cal oxygen demand �n �ndustr�al water pollut�on; gas �s sulphur d�ox�de 
em�ss�ons; smoke �s �ndustr�al smoke.  
Source: Authors’ own calculat�ons, us�ng pollut�on em�ss�ons data from var�ous �ssues of 
state env�ronmental Protect�on Adm�n�strat�on (sePA), var�ous years. China Environment 
Yearbook, ch�na env�ronment Yearbook Press; and FdI data from nat�onal Bureau of stat�st�cs 
(nBs), var�ous years. China Statistical Yearbook, ch�na stat�st�cs Press, Be�j�ng.
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effects respect�vely; εit  �s a normally d�str�buted error term. What should be 
ment�oned here �s that we �nclude fdiit and fdiit

2 �n our est�mat�on model: �f the 
coeffic�ent of fdiit

2 �s est�mated as zero, α2=0, then only a l�near relat�onsh�p 
ex�sts between fore�gn �nvestment and pollut�on em�ss�ons. If α2<0, �t �mpl�es 
that there �s an �nverted-U curve relat�onsh�p between fdi and pollut�on 
em�ss�ons, wh�le a pos�t�ve α2 �nd�cates a U-shape relat�onsh�p. In the meant�me, 
we can further calculate the turn�ng-po�nt along the �nverted-U curve by tak�ng 
the first-order d�fferent�at�on of the emp�r�cal model as: 

fdi* = –   (2)

s�m�lar to Grossman and krueger (1995) and Antwe�ler et al. (2001), the 
�nd�cators scale, comp and tech measure the scale effect, compos�t�on effect 
and techn�que effect respect�vely, wh�le CV represents other var�ables that 
could affect the level of pollut�on em�ss�ons.

We choose the �nd�cators and prov�de our data descr�pt�on as follows.
F�ve pollutant �nd�cators are chosen �n th�s study to measure d�fferent 

pollut�on em�ss�ons—two water pollutants (�ndustr�al polluted water em�ss�ons 
and chem�cal oxygen demand �n �ndustr�al water pollut�on), two a�r pollutants 
(�ndustr�al smoke em�ss�ons and sulphur d�ox�de em�ss�ons) and one sol�d 
pollutant (�ndustr�al sol�d wastes)—from 1992 to 2004 �n 29 of ch�na’s prov�nces 
and mun�c�pal�t�es. Table 11.3 l�sts the descr�pt�on of all the pollutant var�ables 
and our data sources. We chose five d�fferent pollutant �nd�cators because 
we could not compare only the �mpacts of fore�gn �nvestment on d�fferent 

α1____
2α2

α1____
2α2

Table 11.3 Five indicators of pollution emissions in China

Pollutant  Un�t symbol
1 Industr�al polluted water em�ss�ons 100 b�ll�on kg water
2 chem�cal oxygen demand �n �ndustr�al water pollut�on 10 m�ll�on kg cod
3 sulphur d�ox�de em�ss�ons 10 m�ll�on kg gas
4 Industr�al smoke em�ss�ons 10 m�ll�on kg smoke
5 Industr�al sol�d wastes 100 b�ll�on kg solid

Sources: state env�ronmental Protect�on Adm�n�strat�on (sePA), 1993–2005. China 
Environment Yearbook, ch�na env�ronment Yearbook Press, Be�j�ng.
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pollutants; rather, we needed to also ensure the robustness of our est�mated 
�nverted-U curve. our or�g�nal pollutant data from 1992–97 were collected 
by d�v�d�ng all �ndustr�es �nto 18 sectors, wh�le the data for 1998–2004 were 
calculated based on 43 �ndustr�al sectors, due to changes �n env�ronmental 
pollut�on measurement methods �n ch�na.

It was Grossman and krueger (1995) who first �ntroduced three effects 
on env�ronmental qual�ty change. The first �s the scale effect, �n wh�ch a 
larger econom�c scale means more product�on act�v�ty and therefore h�gher 
requ�rements for natural resources, result�ng �n more pollut�on em�ss�ons. The 
second �s the compos�t�on effect, wh�ch reflects the �mpact of adjustments 
�n �ndustr�al compos�t�on and changes �n factor-�nput comb�nat�ons on 
env�ronmental pollut�on. The last �s the techn�que effect, �n wh�ch technolog�cal 
progress and the use of env�ronmentally fr�endly technology helps to decrease 
pollut�on em�ss�ons. 

l�ke copeland and Taylor (2003), our emp�r�cal model also cons�ders the three 
effects on pollut�on em�ss�ons. The scale effect �s measured us�ng reg�onal 
gross domest�c product (gdpit ), wh�ch �s the real gross domest�c product (GdP) 
after remov�ng the effect of �nflat�on. The compos�t�on effect �s �dent�fied as 
the comb�nat�on of factor �nputs—namely, phys�cal cap�tal per cap�ta, wh�ch 
�s the rat�o of phys�cal cap�tal (kit ) to labour �nputs (lit ). It �s found that cap�tal-
�ntens�ve �ndustr�es can generally cause more pollut�on em�ss�ons than other 
�ndustr�es; therefore, the coeffic�ent of phys�cal cap�tal per cap�ta �s expected to 
be pos�t�ve. Zhang et al. (2004) est�mated the phys�cal cap�tal stock for ch�na’s 
30 prov�nces by us�ng a long per�od of sample data from 1952 to 2000; here 
we follow the�r method �n obta�n�ng the cap�tal stock data. The role of human 
cap�tal accumulat�on �s also cons�dered. As �n Barro and lee (2001), we use the 
average educat�onal atta�nment to measure the level of human cap�tal stock 
among d�fferent reg�ons, wh�ch �s the rat�o of total educat�onal atta�nment to 
the total populat�on. spec�fically, the educat�onal atta�nment �s spec�fied as s�x 
years for pr�mary school graduates, and n�ne, 12 and 16 years for jun�or m�ddle 
school graduates, sen�or m�ddle school graduates and un�vers�ty graduates 
respect�vely. The un�t of human cap�tal stock (hc) �s therefore educat�onal years 
per cap�ta, and we expect �ts coeffic�ent to be negat�ve, as h�gher human cap�tal 
accumulat�on attracts cleaner �ndustr�es to �nvest. F�nally, s�m�lar to Antwe�ler 
et al. (2001), we use the lagged term of ch�na’s gross nat�onal product (GnP) 
per cap�ta to capture the role of the techn�que effect, s�nce �t �s acknowledged 
w�dely that a h�gher GnP per cap�ta reflects a h�gher level of technology use. 
due to data ava�lab�l�ty, here we use GdP per cap�ta as a proxy for the techn�que 
effect. 
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A number of pollut�on control var�ables are also �ncluded. The first �s 
populat�on dens�ty (densityit ), wh�ch �s the populat�on per square k�lometre; 
and, as Antwe�ler et al. (2001) po�nt out, �ts coeffic�ent could be negat�ve s�nce 
a h�gher populat�on dens�ty causes greater marg�nal pollut�on damage. The 
second �s env�ronmentally related research and development expend�ture (rdit ), 
wh�ch �s used to measure pollut�on abatement endeavours, and the rat�o of rdit 
to GdP �s used. Another �nd�cator �s the number of env�ronmentally related 
�nst�tut�ons (agencyit ). We expect that the coeffic�ents of rdit and agencyit  
w�ll be negat�ve, to reflect the role of env�ronmental regulat�on and pollut�on 
abatement efforts �n reduc�ng �ndustr�al em�ss�ons.

The data for the five pollutant em�ss�ons, as well as the other two control 
var�ables, rdit and agencyit, are collected from var�ous �ssues of the China 
Environment Yearbook (sePA, var�ous years). data for other �nd�cators were 
collected from the China Statistical Yearbook (nBs var�ous years). except for rdit, 
the logar�thm value of all other var�ables �s used. For our panel data est�mat�on 
method, the usual hausman test was employed to choose fixed-effect (Fe) or 
random-effect (re) models. If the value of the hausman test stat�st�c �s larger 
than the cr�t�cal value, the null hypothes�s can be rejected and fixed effects 
are preferred to random effects. The Wh�te cross-sect�on method �s der�ved by 
treat�ng the panel regress�on as a mult�-var�ance regress�on (w�th an equat�on 
for each cross-sect�on), and by comput�ng Wh�te-type robust standard errors 
for the system of equat�ons. Th�s est�mator �s robust for cross-equat�on 
(contemporaneous) correlat�ons as well as d�fferent error var�ances �n each 
cross-sect�on (Wooldr�dge 2002). The bas�c stat�st�cal �nformat�on �s shown �n 
Table 11.4.6 It can be seen that s�gn�ficant reg�onal d�spar�ty ex�sts �n terms not 
only of var�ous pollut�on em�ss�ons, but �n attract�ng fore�gn �nvestment. We 
therefore est�mate the �nverted-U cure not only for our nat�onal sample data, 
but for controll�ng d�fferent reg�ons �n the next sect�on.

Estimation results

The total sample est�mat�on result

We first est�mate the �mpact of fore�gn �nvestment on ch�na’s pollut�on em�ss�ons 
for the total sample of 29 prov�nces and the results are shown �n Table 11.5.

Among the five pollutant �nd�cators we have chosen, the �nverted-U curve 
relat�onsh�p between FdI and pollut�on em�ss�ons �s generally supported. 
The coeffic�ents of fdiit

2 are est�mated to be s�gn�ficantly negat�ve, wh�le 
the coeffic�ents of fdiit are pos�t�ve. such results demonstrate that fore�gn 
�nvestment has a non-l�near �mpact on env�ronmental pollut�on, rather than 
the l�near one assumed �n most stud�es. We can further calculate the threshold 
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Table 11.5 Total sample estimation results

 water cod gas smoke solid
fdiit 0.538*** 0.511** 0.192*** 0.319*** 0.098** 
 (6.983)  (4.575) (2.691) (3.539) (2.484)
fdiit

2 -0.025*** -0.025*** -0.009** -0.018*** -0.005***
 (-7.340) (-5.248)  (-2.481) (-3.742) (-2.297)
gdpit 0.450*** 0.816*** 0.538*** -0.819*** 0.408***
 (9.261) (12.46) (3.366) (-4.059) (4.426)
(k / l)it -0.792*** -0.367*** 0.023 0.826*** 0.221***
 (-16.01) (-6.169) (0.214) (6.129) (3.911)
hcit -0.011 -0.061* 0.042 0.001 0.079***
 (-0.352) (-1.823) (0.908) (0.016) (3.172)
techit 0.509*** -0.233*** -0.295*** 0.004 -0.148***
 (11.96) (-3.622) (-4.323) (0.051) (-3.471)
densityit 0.277*** 0.157*** -2.257*** -2.007*** -0.881***
 (9.009) (4.248) (-4.221) (-2.973) (-2.608)
rdit -0.087** -0.406* -0.250*** -0.224**  0.003
 (-2.521) (-2.984) (-3.072) (-2.186) (0.059)
agencyit 0.194*** 0.054 0.061 -0.059 -0.011
 (4.177) (0.984) (0.826) (-0.643) (-0.262)
adj – R2 0.876 0.731 0.958 0.923 0.964
χ2 216.58 253.05 188.74 207.60 192.23
Hausman 31.57 33.97 40.45 38.86 44.29
observations 377 377 377 377 377

*** stat�st�cally s�gn�ficant at 1 per cent level 
** stat�st�cally s�gn�ficant at 5 per cent level 
* stat�st�cally s�gn�ficant at 10 per cent level  
Note: t-stat�st�c values are �n parentheses; χ2–statistic �s used to test whether the spec�fic 
cross-sect�on and per�od effects are both s�gn�ficant at the same t�me; and Hausman–test �s 
used to spec�fy the est�mat�on panel model. 
Source: Authors’ own est�mat�ons.

Table 11.4 Basic statistical information on pollution and FDI

 Total sample coastal reg�on non-coastal reg�on
water 7.21 (5.57) 9.24 (5.91) 5.78 (4.85)
cod 22.29 (18.81) 27.02 (22.45) 18.96 (14.91)
gas 56.38 (43.28) 64.91 (50.18) 50.36 (36.58)
smoke 29.62 (22.04) 27.35 (21.64) 31.22 (22.21)
solid 0.27 (0.22) 0.28 (0.27) 0.26 (0.17)
FDI (Us$100 m�ll�on) 14.92 (23.91) 31.47 (30.55) 3.24 (2.91)

Note: We l�st the mean value for each �nd�ctor, and the values �n parentheses are the standard 
dev�at�ons.  
Source: Authors’ own calculat�ons.
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value of fore�gn �nvestment accord�ng to the est�mat�on results. let us take 
�ndustr�al polluted water em�ss�ons as an example. Table 11.5 shows that the 
coeffic�ents of fdiit

2 and fdiit are -0.025 and 0.538 respect�vely, wh�ch �mpl�es 
that the turn�ng-po�nt along �ts �nverted-U curve �s fdi*=7.68, mean�ng that �f 
the real fore�gn �nvestment for a certa�n reg�on �s lower than Us$768 m�ll�on, 
�ncreases �n fore�gn �nvestment w�ll cause local pollut�on em�ss�ons to r�se. 
on the other hand, �f the real fore�gn �nvestment �s larger than th�s threshold 
value, env�ronmental pollut�on w�ll fall as new fore�gn firms enter the area. 
compar�ng the real fore�gn �nvestment for ch�na’s 29 prov�nces w�th such 
threshold value fdi*, we can reach a rough conclus�on about the �mpact of 
fore�gn �nvestment on local �ndustr�al polluted water em�ss�ons. The mean value 
of fore�gn �nvestment for 18 prov�nces �s lower than Us$768 m�ll�on, among 
wh�ch the fore�gn �nvestment �n hunan Prov�nce �s Us$747 m�ll�on, wh�ch �s very 
near the turn�ng-po�nt along the �nverted-U curve. It demonstrates that fore�gn 
�nvestment generally causes local pollut�on em�ss�ons �n the 18 prov�nces to go 
up, and therefore has a negat�ve effect on local env�ronmental qual�ty. For the 
rema�n�ng 11 prov�nces, �ndustr�al polluted water em�ss�ons w�ll decl�ne w�th 
the entry of fore�gn �nvestors; fore�gn �nvestment �n hube� (Us$776 m�ll�on) �s 
a l�ttle larger than the threshold value.

We can further observe that even though an �nverted-U curve �s generally 
est�mated, the shape of �nverted-U curves for d�fferent pollutant �nd�cators 
var�es s�gn�ficantly, espec�ally for the�r turn�ng-po�nts ( fdi* ).7 let us compare 
the two water pollutants, water and cod. For the est�mat�on result for cod, the 
coeffic�ents of fdiit

2 and fdiit are -0.025 and 0.511 respect�vely, and we can 
calculate the turn�ng-po�nt along �ts �nverted-U curve, wh�ch �s fdi*=Us$334 
m�ll�on—much lower than the threshold value �n the �ndustr�al polluted water 
em�ss�on est�mat�on. For the other three �nd�cators, we obta�n the�r threshold 
values as Us$669 m�ll�on (gas), Us$122 m�ll�on (smoke) and Us$2.683 b�ll�on 
(solid). The threshold values for d�fferent pollutant �nd�cators determ�ne how 
fore�gn �nvestment affects local env�ronmental pollut�on among d�fferent 
reg�ons. For example, s�nce the turn�ng-po�nt for the est�mat�on of �ndustr�al sol�d 
wastes �s as h�gh as Us$2.683 b�ll�on, only five prov�nces have a larger mean 
value of fore�gn �nvestment than the threshold value: Guangdong (Us$11.376 
b�ll�on), J�angsu (Us$6.173 b�ll�on), shangha� (Us$3.778 b�ll�on), shandong 
(Us$3.473 b�ll�on) and Fuj�an (Us$3.425 b�ll�on). These five prov�nces are �n 
coastal eastern ch�na. In compar�son, as the turn�ng-po�nt for �ndustr�al smoke 
em�ss�ons �s only Us$122 m�ll�on, the value of fore�gn �nvestment for most 
prov�nces �s larger, �mply�ng that although an �nverted-U curve relat�onsh�p 
has been est�mated, most prov�nces have been �n the r�ght part along the 
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�nverted-U curve. Table 11.6 compares our est�mated threshold value of FdI 
for five pollutants w�th the mean of real ut�l�sed FdI among 29 prov�nces. It �s 
easy to see that five prov�nces—Guangdong, J�angsu, shangha�, shandong 
and Fuj�an—are located �n the r�ght part of the �nverted-U curve for all five 
pollutants, wh�le seven prov�nces from the western reg�on are st�ll located �n 
the left part of the curve, wh�ch �mpl�es that more fore�gn �nvestment �n those 
prov�nces could cause pollut�on em�ss�ons to r�se.

The effects of other pollut�on control var�ables are also shown �n Table 11.5. 
Accord�ng to Antwe�ler et al. (2003), scale effect and compos�t�on effect can 
cause pollut�on em�ss�ons to r�se, wh�le the techn�que effect leads pollut�on 
em�ss�ons to fall. our est�mat�ons, however, demonstrate that �t �s not 
stra�ghtforward to obta�n a clear-cut conclus�on concern�ng the three effects, 
s�nce the est�mated coeffic�ents of the three effects vary s�gn�ficantly for 
d�fferent pollutant �nd�cators (Table 11.7). For �nstance, s�nce cap�tal-�ntens�ve 
goods can cause a h�gher level of pollut�on em�ss�ons, the coeffic�ent of phys�cal 
cap�tal per cap�ta �s supposed to be pos�t�ve, wh�ch �mpl�es that the �ncrease 
�n the cap�tal/labour rat�o w�ll cause more pollut�on em�ss�ons. Accord�ng to  
Table 11.5, however, wh�le the coeffic�ents of gas, smoke and solid are est�mated 
to be pos�t�ve, they are s�gn�ficantly negat�ve for the other two �nd�cators, water 
and cod. For the other control var�ables, env�ronmentally related research and 
development expend�ture shows a s�gn�ficantly negat�ve effect on pollut�on 

Table 11.6 The threshold effect of FDI for five pollutants (Us$ b�ll�on)

solid (2.683)

Guangdong (11.376), J�angsu (6.173), shangha� (3.778), shandong (3.473), Fuj�an (3.425)

water (0.768)

hunan (0.747)

gas (0.669)

ha�nan (0.627), J�angx� (0.612), Guangx� (0.610), henan (0.503), s�chuan (0.482), he�longj�ang 
(0.414), Anhu� (0.369)

cod (0.334)

J�l�n (0.316), shaanx� (0.303), shanx� (0.182)

smoke (0.122)

ne�menggu (0.121), Yunan (0.107), X�nj�ang (0.075), Gu�zhou (0.070), Gansu (0.061), Q�ngha� 
(0.053), n�ngx�a (0.026)

Note: The numbers �n parentheses refer to our calculated threshold values of FdI for d�fferent 
pollutants, or the mean of ut�l�sed FdI among d�fferent prov�nces dur�ng the sample per�od. 
Source: Authors’ own calculat�ons.
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em�ss�ons, wh�ch ver�fies the role of the adopt�on of env�ronmentally fr�endly 
new technology and technolog�cal progress. The effects are, however, est�mated 
to be amb�guous for the two �nd�cators—namely, the number of env�ronmentally 
related �nst�tut�ons and populat�on dens�ty.

sub-sample regress�on results

As ment�oned already, s�nce s�gn�ficant reg�onal development d�spar�ty ex�sts 
among d�fferent reg�ons �n ch�na, we further est�mate the �mpacts of fore�gn 
�nvestment on local pollut�on em�ss�ons by d�v�d�ng our total sample �nto two 
sub-samples: the coastal eastern reg�on, and the �nland reg�on. By do�ng th�s, we 
can compare not only the effects of fore�gn �nvestment on local env�ronmental 
pollut�on for d�fferent reg�ons, we can exam�ne whether the �nverted-U curve 
st�ll holds robustly for our sub-sample est�mat�on. 

The est�mat�on results for the coastal eastern reg�ons are shown �n Table 11.8. 
F�rst, s�m�lar to our total sample est�mat�on results, the coeffic�ent of fdiit

2 �s 
est�mated to be s�gn�ficantly negat�ve, wh�ch means that the �nverted-U curve 
relat�onsh�p between FdI and pollut�on em�ss�ons holds true �f cons�der�ng 
only the coastal eastern reg�ons �n the model est�mat�on. meanwh�le, the 
three effects (scale, compos�t�on and techn�que) are also est�mated to be 
amb�guous. Take the compos�t�on effect measured by the rat�o of phys�cal 
cap�tal to labour as an example. Although �ts coeffic�ent �s negat�ve for the 
five pollutant �nd�cators, �t doesn’t show stat�st�cally s�gn�ficant est�mates for 
�ndustr�al smoke pollut�on and sol�d wastes. Furthermore, �t �s found that the 
negat�ve compos�t�on effect �s larger for cod than for �ndustr�al polluted water 
em�ss�ons and gas. F�nally, the role of the other control var�ables also d�ffers 
from that �n the total sample est�mat�on. Take env�ronmentally related research 
and development expend�ture as an example. s�m�lar to the results reported �n 
Table 11.5, the coeffic�ent of rd �s s�gn�ficantly negat�ve, as reported �n Table 11.8. 
Th�s find�ng supports the role of technolog�cal progress �n reduc�ng pollut�on 
em�ss�ons. It �s also found, however, that the est�mated role of research and 
development expend�ture �s generally larger than that obta�ned us�ng the total 
sample. s�nce most research and development act�v�t�es are tak�ng place �n 
the coastal eastern reg�ons, we can conclude that research and development 
act�v�t�es play a more s�gn�ficant role �n �mprov�ng env�ronmental qual�ty �n 
coastal reg�ons than �n �nland reg�ons.

We also est�mate whether the effects of fore�gn �nvestment on local pollut�on 
em�ss�ons for the 17 �nland prov�nces are non-l�near, and the results are shown 
�n Table 11.9. As for the relat�onsh�p between fore�gn �nvestment and pollut�on 
em�ss�ons, the �nverted-U curve st�ll holds true for two �nd�cators: �ndustr�al 
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Table 11.8 Estimation results for coastal eastern regions

 water cod gas smoke solid
fdiit 1.264**  0.694***  0.717** 0.998***  0.326* 
 (2.054) (2.678)  (2.492) (3.562) (1.719)
fdiit

2 -0.054**  -0.037*** -0.033***  -0.052***  -0.016*
 (-2.209)  (-3.695) (-2.681) (-4.471)  (-1.670)
gdpit -0.306  0.613 0.398*  -0.050 0.831***
 (-1.174)  (3.896) (1.924)  (-0.204)  (7.516)
(k / l)it -0.097**  -0.174** -0.093*** -0.032 -0.003
 (-1.997)  (-2.401)  (-2.749)  (-0.926)  (0.828)
hcit 0.029  -0.142* -0.005 0.056 0.103***
 (0.314)  (-1.782)  (-0.089) (0.786)  (2.926)
techit 0.267**  -0.512** -0.165* 0.279* -0.148*** 
 (2.144)  (-3.718)  (-1.843)  (1.947) (-2.884)
densityit -6.289***  0.385*** -1.242*** -3.770***  -2.052***
 (-7.204)  (3.363)  (-2.947) (-5.313)  (-5.280)
rdit -0.313**  -0.504** -0.270***  -0.493*** -0.075
 (-2.032)  (-2.076) (-2.801)  (-5.402)  (-0.883)
agencyit 0.454***  0.401*** 0.201** 0.102 -0.007 
 (3.092)  (2.675)  (1.993)  (1.381) (-0.138)
χ2  201.78 168.24 159.91 179.57 213.07
Hausman  36.76 27.40 31.19 40.77 35.54
adj – R2  0.936 0.782 0.932 0.959 0.921
observations 156 156 156 156 156

*** stat�st�cally s�gn�ficant at 1 per cent level 
** stat�st�cally s�gn�ficant at 5 per cent level 
* stat�st�cally s�gn�ficant at 10 per cent level  
Note: t-stat�st�c values are �n parentheses; χ2 �s used to test whether the spec�fic cross-sect�on 
and per�od effects are both s�gn�ficant at the same t�me; and Hausman �s used to spec�fy the 
est�mat�on panel model. 
Source: Authors’ own est�mat�ons.

Table 11.7 Estimation results of the three effects 

 water cod gas smoke solid
scale effect +*** +*** +*** +*** +***
compos�t�on effect –*** +*** + +*** +***
Techn�que effect +*** –*** –*** + –***

Note: The compos�t�on effect �s measured as the rat�o of phys�cal cap�tal to labour. ***, **, * 
mean that the est�mated co-effic�ent of var�ous effects �s stat�st�cally s�gn�ficant at 1, 5 and 10 
per cent level respect�vely. 
Source: Authors’ own summary, based on the est�mat�on results reported �n Table 11.5.
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polluted water em�ss�ons and �ndustr�al smoke em�ss�ons. The est�mat�on results 
demonstrate, however, a U-curve for the other three �nd�cators. Th�s find�ng could 
�mply that �n the �n�t�al stage, fore�gn �nvestment helps to reduce env�ronmental 
pollut�on and, once certa�n turn�ng-po�nts are passed, further �ncreases �n fore�gn 
�nvestment cause a deter�orat�on �n local env�ronmental qual�ty. Furthermore, 
the role of other var�ables also var�es �n compar�son w�th the results reported �n 
Tables 5 and 8. Aga�n, take the effect of env�ronmentally related research and 
development expend�ture as an example. It �s found that more env�ronmentally 
related research and development expend�ture s�gn�ficantly decreases the level 
of pollut�on em�ss�ons; however, �ts coeffic�ent �s est�mated to be �ns�gn�ficant 
for the �nland prov�nces, wh�le �t �s pos�t�ve for the pollutant cod.

compar�sons of est�mat�on results among d�fferent reg�ons

The reg�onal d�spar�ty on the FdI–pollut�on nexus can be determ�ned by 
compar�ng the est�mat�on results for d�fferent prov�nces, and the results are 
shown �n Table 11.10. 

By compar�ng the est�mat�on results for the total sample and the coastal 
eastern reg�ons, we find that although an �nverted-U curve relat�onsh�p �s 
generally est�mated to hold for all five pollutant �nd�cators, the shape and 
espec�ally the levels of the turn�ng-po�nt of d�fferent �nverted-U curves for the 
two samples vary s�gn�ficantly. Generally speak�ng, although the threshold 
value of the �ndustr�al sol�d wastes curve �s obv�ously larger �n the total sample 
(Us$2.683 b�ll�on) than �n the coastal reg�ons (Us$1.598 b�ll�on), the threshold 
values �n coastal reg�ons are larger than �n the total sample for the other four 
pollutant �nd�cators. Accord�ng to Bao et al. (2007), the threshold value of 
fore�gn �nvestment �s poss�bly determ�ned by the follow�ng factors: the first �s 
the �ndustr�al structure of fore�gn �nvestment—that �s, the sector �nto wh�ch 
fore�gn �nvestment flows. spec�fically, �f more fore�gn firms enter the pollut�on-
�ntens�ve sectors �n the host country, the threshold value of fore�gn �nvestment 
�s expected to be h�gher; �n other words, there �s a pos�t�ve relat�onsh�p between 
the pollut�on �ntens�ty of fore�gn �nvestment and the threshold value of fdi*. 
The second factor �s how FdI affects the marg�nal pollut�on damage �n host 
countr�es, wh�ch depends essent�ally on the �ncome levels of local res�dents. 
Generally speak�ng, a h�gher �ncome level leads to a h�gher requ�rement for 
a clean env�ronment, and hence the marg�nal damage caused by pollut�on 
em�ss�ons w�ll be accord�ngly more severe. The th�rd factor �s the contr�but�on 
of fore�gn �nvestment to local econom�c development. Generally, w�th the 
accumulat�on of fore�gn �nvestment, the marg�nal contr�but�on of fore�gn firms 
to the local economy w�ll fall accord�ngly. Therefore, to compare the threshold 
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values of fore�gn �nvestments among d�fferent reg�ons, we need to know how 
fore�gn �nvestments affect local env�ronmental pollut�on through the above 
three effects. s�nce the �ncome level �n coastal reg�ons �s generally much 
h�gher than �n the �nland prov�nces, �t holds true that the marg�nal pollut�on 
damage must be larger for coastal prov�nces. comb�n�ng the other two effects, 
however, our est�mat�on results show that the threshold values for coastal 
prov�nces are unexpectedly h�gher. due to data l�m�tat�on, we cannot measure 
the �ndustr�al compos�t�on effect of fore�gn �nvestment w�thout the �ndustr�al 
locat�on data for fore�gn �nvestment for d�fferent prov�nces, wh�ch could be a 
top�c for future research. 

Table 11.9 Estimation results for inland provinces

 water cod gas smoke solid
fdiit 1.170***  -0.156* -0.085* 0.247** -0.087**
 (8.085)  (-1.633)  (-1.701)  (2.120)  (-1.949)
fdiit

2 -0.056***  0.009* 0.008** -0.012**  0.006** 
 (-7.356)  (1.654)  (2.251) (-1.980) (2.331)
gdpit -0.014  -0.912*** 0.874*** -0.056 0.410***
 (-0.150)  (-3.843)  (3.307)  (-0.576)  (5.619)
(k / l)it -0.160**  0.140*** -0.061** -0.067  0.055*** 
 (-2.064)  (2.936)  (-2.127) (-1.011) (3.343)
hcit -0.073  -0.097 0.033 0.303*** -0.009
 (-1.321)  (-0.974)  (0.329)  (5.067)  (-0.266)
techit -0.038 0.136 -0.505*** -0.499***  -0.124***
  (-0.605) (1.364)  (-4.444) (-9.239)  (-3.184)
densityit 0.253***  4.389***  -1.728**  -0.009  3.895***
 (5.934) (2.534) (-2.409) (-0.215)  (5.591)
rdit -0.248  0.004 -0.080 -0.165 -0.010
 (-1.286)  (0.027)  (-0.744)  (-0.791)  (-0.139)
agencyit 0.742***  0.077 0.072 0.737*** -0.064
 (6.776)  (0.516)  (0.689)  (7.259)  (-0.943)
χ2  239.03 188.37 173.69 214.06 226.51
Hausman  34.65 37.21 29.06 32.78 37.93
adj – R2  0.781 0.901 0.908 0.916 0.928
observations 221 221 221 221 221

*** stat�st�cally s�gn�ficant at 1 per cent level 
** stat�st�cally s�gn�ficant at 5 per cent level 
* stat�st�cally s�gn�ficant at 10 per cent level  
Note: t-stat�st�c values are �n parentheses; χ2 �s used to test whether the spec�fic cross-sect�on 
and per�od effects are both s�gn�ficant at the same t�me; and Hausman �s used to spec�fy the 
est�mat�on panel model. 
Source: Authors’ own est�mat�ons.
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We can also compare the est�mat�on results for �nland prov�nces w�th those 
obta�ned us�ng the total sample. spec�fically, although �t �s found that the 
threshold value for the �nverted-U curve among �nland prov�nces �s generally 
smaller, most �nland prov�nces are st�ll located along the left s�de of the 
�nverted U-curve—that �s, fore�gn �nvestment �n those reg�ons �s st�ll caus�ng 
�ncreased pollut�on em�ss�ons. Take �ndustr�al polluted water em�ss�ons as an 
example: the threshold value for the �nland prov�nces �s est�mated to be Us$344 
m�ll�on—much smaller than the value for our total sample (Us$1.211 b�ll�on). 
We find, however, that 10 of 17 �nland prov�nces have a mean value of fore�gn 
�nvestment lower than the threshold value. Th�s suggests that a s�gn�ficant 
reg�onal d�spar�ty ex�sts �n terms of the�r ab�l�ty to attract fore�gn �nvestment. 
Wh�le the mean value of fore�gn �nvestment for the coastal prov�nces �s Us$3.147 
b�ll�on, the mean value for the 17 �nland prov�nces �s much smaller (Us$324 
m�ll�on). s�nce most �nland prov�nces are st�ll �n the �n�t�al stage of attract�ng 
fore�gn �nvestment, a pos�t�ve relat�onsh�p generally occurs between fore�gn 
�nvestment and local pollut�on em�ss�ons, suggest�ng that fore�gn �nvestment 
has a negat�ve effect on local env�ronmental qual�ty �n those �nland reg�ons.

Conclusions 

In th�s chapter, we �nvest�gate the poss�ble non-l�near �mpact of fore�gn 
�nvestment on local pollut�on em�ss�ons �n ch�na. The hypothes�s that an 
�nverted-U curve relat�onsh�p ex�sts between fore�gn �nvestment and pollut�on 
�s supported emp�r�cally us�ng the panel data for 29 ch�nese prov�nces. The 
fact that an �nverted U-curve ex�sts between fore�gn �nvestment and pollut�on 

Table 11.10 Comparisons of the FDI–pollution nexus among different 
regions (Us$ m�ll�on)

 water cod gas smoke solid
Total sample Inverted-U  Inverted-U Inverted-U Inverted-U Inverted-U
 (768) (334)  (669) (122) (2,683)
coastal reg�ons Inverted-U  Inverted-U Inverted-U Inverted-U Inverted-U
 (1,211) (3,966) (1,105) (181)  (1,598)
Inland reg�ons Inverted-U U curve U curve Inverted-U U curve
 (344) (58) (20)  (295) (14)

Note: The figures �n parentheses are the est�mated threshold values for the turn�ng-po�nt for 
d�fferent shapes of the est�mated curves. 
Source: Authors’ own summary.
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em�ss�ons suggests that fore�gn �nvestment helps, �n general, to reduce pollut�on 
em�ss�ons �n ch�na. The emp�r�cal results also show that there are s�gn�ficant 
reg�onal d�spar�t�es w�th respect to the �mpact of fore�gn �nvestment on local 
pollut�on levels. more spec�f�cally, those threshold values for most of the 
pollutants are much h�gher �n some of the most developed coastal reg�ons than 
�n those relat�vely less developed �nland reg�ons �n ch�na. Th�s �mpl�es that for 
those more developed reg�ons, more fore�gn �nvestment �nflows w�ll contr�bute to 
further reduct�on of pollut�on levels, wh�le further �ncreases �n fore�gn �nvestment 
�n �nland prov�nces w�ll cont�nue to a worsen�ng of the�r env�ronment. 

These find�ngs do not, however, �mply that the only effect�ve way to allev�ate 
env�ronmental protect�on pressure �n the early stages of development—
espec�ally �n those less developed �nland reg�ons—�s to attract more fore�gn 
�nvestment, unt�l a certa�n threshold value along the �nverted-U curve �s passed. 
In other words, �t �s m�slead�ng to conclude that the env�ronmental damage 
caused by the entry of fore�gn firms �n the �n�t�al stage can be remed�ed naturally 
by the cont�nual accumulat�on of fore�gn �nvestment. Th�s �s ma�nly because, 
as the emp�r�cal results show, most ch�nese prov�nces have a long way to go 
�n attract�ng fore�gn �nvestment before they reach the turn�ng-po�nt along the 
�nverted-U curve, as the real value of fore�gn �nvestment �n these reg�ons �s 
much lower than the est�mated threshold value—namely, the�r FdI–pollut�on 
relat�onsh�p �s st�ll located along the left s�de of the �nverted-U curve. In other 
words, they have to cont�nue to pay a s�gn�ficantly h�gh cost of env�ronmental 
degradat�on as a result of attract�ng fore�gn �nvestment and econom�c growth. 
G�ven that ch�na has set a target of reduc�ng overall pollut�on em�ss�ons, whether 
these �nland prov�nces can ach�eve the�r object�ves �n reduc�ng em�ss�ons along 
the path of growth and development w�ll be cruc�al for ch�na to meet �ts targets. 
These �nland prov�nces w�ll need financ�al and technolog�cal support to enable 
them to comply w�th toughened government em�ss�ons regulat�ons, s�m�lar to 
the way develop�ng countr�es are treated �n fulfill�ng the�r obl�gat�ons to reduce 
em�ss�ons. F�rms �n the more developed reg�ons �n ch�na and fore�gn �nvestment 
can help �nland prov�nces to fulfil the�r obl�gat�ons.

It �s also �n the �nterest of �nland reg�ons to reduce em�ss�ons by �mprov�ng 
env�ronmental standards, even though pollut�on abatement endeavours w�ll 
�nvolve add�t�onal costs, wh�ch usually �ncrease w�th pollut�on em�ss�ons. 
The costs assoc�ated w�th pollut�on damage, however, could be much h�gher, 
espec�ally �n cases where env�ronmental damage cannot be remed�ed �n the 
short term. land eros�on, deforestat�on, rad�at�on pollut�on, the loss of spec�es 
d�vers�ty and even the ext�nct�on of certa�n spec�es are a few examples. These 
cons�derat�ons requ�re that governments regulate and mon�tor env�ronmental 
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pollut�on even �n the early phase of �ndustr�al�sat�on when env�ronmental 
qual�t�es are most comprom�sed. Furthermore, the shape and threshold value 
of the turn�ng-po�nt of the �nverted-U curve depend essent�ally on the �ndustr�al 
compos�t�on of fore�gn �nvestment (Bao et al. 2007). Therefore, �n order to avo�d 
the trap of a race to the bottom, more attent�on should be pa�d to the �ndustr�al 
structure of fore�gn �nvestment rather than to the scale of those �nvestments. 
F�nally, s�nce the role of pollut�on control var�ables �s �ncorporated �n th�s study, 
the results suggest that the comb�nat�on of complementary pol�c�es should 
also be cons�dered �n order for ch�na to better deal w�th the trade-off between 
econom�c growth and env�ronmental pollut�on—by �mplement�ng pol�c�es a�med 
at allev�at�ng env�ronmental pressures, such as �ncreases �n env�ronmentally 
related research and development and prov�s�on of techn�cal support.

Notes

1 For example, �n 2006, the share of FdI �n secondary �ndustry was as large as 63.59 per cent; 
�t was 2.03 per cent for electr�c�ty, gas and water product�on, 1.09 per cent for the bu�ld�ng 
�ndustry and 0.73 per cent for the m�n�ng �ndustry. All four �ndustr�es are commonly regarded 
as be�ng pollut�on �ntens�ve.

2 For a rev�ew of the l�terature on emp�r�cal stud�es of the pollut�on haven hypothes�s, see dean 
et al. (2004) and copeland and Taylor (2004).

3 For example, �n the�r emp�r�cal stud�es of the relat�onsh�p between fore�gn �nvestment and 
env�ronmental regulat�on and pollut�on em�ss�ons, the est�mat�on results rema�n puzzl�ng. 
Wh�le some authors—such as l�st and co (2000), keller and lev�nson (2002) and Fredr�ksson 
et al. (2003)—emp�r�cally support the pollut�on haven hypothes�s, others deny the effect of 
the str�ngency of env�ronmental pol�c�es on the locat�on cho�ce of fore�gn firms, or the Phh 
ex�sts only under certa�n cond�t�ons (for example, lev�nson 1996; l�st et al. 2004; henderson 
and m�ll�met 2007). A rev�ew of the l�terature on the Phh tests can be found �n copeland and 
Taylor (2004).

4 It was Grossman and krueger (1991) who first proposed the ex�stence of such an �nverted-U 
curve �n the�r study of the env�ronmental consequences of the north Amer�can Free Trade 
Agreement (nAFTA). For a rev�ew of the l�terature on ekc stud�es, see stern (1998) and d�nda 
(2004).

5 In one of our recent work�ng papers (Bao et al. 2007), by �ntroduc�ng �nternat�onal cap�tal flows 
�nto the or�g�nal framework of copeland and Taylor (2003), we prov�de mathemat�cal proof of 
such an �nverted-U curve relat�onsh�p between fore�gn �nvestment and pollut�on em�ss�ons 
�n host countr�es. Add�t�onally, as long as the env�ronment �s regarded as a normal good, th�s 
�nverted-U shape conclus�on �s very robust—whether fore�gn firms �nvest �n pollut�on-�ntens�ve 
or clean sectors. 

6 As usual, the coastal reg�on �ncludes 12 prov�nces and mun�c�pal�t�es, such as Be�j�ng, T�anj�n 
and hebe�. The rema�n�ng 17 prov�nces all belong to the �nland reg�ons, wh�le chongq�ng �s 
comb�ned w�th s�chuan’s prov�nc�al data.

7 some authors, such as Wang and J�n (2002) and l�ang (2006), emp�r�cally find a negat�ve effect 
of fore�gn �nvestment on pollut�on em�ss�ons �n ch�na. s�m�larly, we also est�mate the l�near 
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effect of fore�gn �nvestment on the five pollutants, and our est�mat�on results are cons�stent 
w�th those authors’ find�ngs—except that the coeffic�ent of fore�gn �nvestment �s �ns�gn�ficant 
for �ndustr�al sol�d wastes; �t �s s�gn�ficantly negat�ve for the other four pollutants: -0.018 (water), 
-0.049 (cod), -0.168 (gas), -0.008 (smoke).
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