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•  Eleva-on	Map:	locate	downstream	estuaries	
•  ArcGIS	Network	Analyst	Tool:	create	Network	&	find	routes	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

GIS	EXAMPLES	

Sources: Esri, HERE, DeLorme, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, METI, Esri
China (Hong Kong), Esri Korea, Esri (Thailand), MapmyIndia, NGCC, © OpenStreetMap contributors,
and the GIS User Community

Firms

Routes

Rivers & Tributaries

Provincial Border

.

Levyit:	firm’s	quarterly	pollu7on	(China’s	Ministry	of	Env.	Protec7on)	
Disi:	distances	from	firm	to	its	downstream	estuary,	the	closest	main	
stem	river,	and	the	closest	tributary	(Google	API	and	ArcGIS)	
Xit:	economic	and	demographic	controls	including	firm’s	abatement	
technology	adop7on	and	abated	amount	(MEP),	county-level	sector-
wise	produc7on	level,	governmental	expenditure,	public	good	provision,	
local	employment	and	income,	etc.	(Sta7s7cal	Yearbooks),	and	local	
weather	informa7on	(NOAA)			
ui:	distances	from	firm	to	the	nearest	main	road,	railroad,	and	main	
residen7al-commercial	center	(Google	API	and	ArcGIS)	

DATA	&	DATA	SOURCES	(2010-2015)	

Within-Between	Random	Effect	Model	(Mundlak	(1978))	with	IV	
Disi	are	instrumented	by	ui,	because	firm’s	rela7ve	loca7on	on	a	river	
network	could	be	endogenous.		
	
	

EMPIRICAL	MODEL	

•  Pollu7on	level	has	a	significant	geographic	paWern.	
•  Local	officials	may	strategically	allocate	less	effort	in	places	where	

environmental	impacts	are	less	likely	to	be	internalized	by	their	
residents.	(Environmental	Federalism)	

•  Heavy	pollu7ng	sectors	exhibit	stronger	downstream	effects.	
•  Internalize	pollu7on	externality:	Total	pollu7on	will	drop	14%-33%	if	

inter-jurisdic7onal	nego7a7on	and	transfers	are	allowed.	

CONCLUSION	

Sub-game	Perfect	Equilibrium	between	firms	and	local	government	
•  Firm	i	in	a	representa-ve	jurisdic-on:	

profit	func7on	π(y, e, a, s)	is	supermodular	in	(-y, -e, a, s) 
		
•  Local	government	aggregates	all	the	firms	(1,…,n)	and	balances	between	

economic	growth	and	pollu-on	damage	inside	the	jurisdic-on:	
	
	
	
  U(s, θ)	is	supermodular	in	(s1,…sn, θ1,…θn) 
	
•  Conclusion:	emission	increases	as	firm’s	health-risk	index	is	decreasing.	A	

firm	pollutes	more	if	it	locates	at	a	less	environmental	sensi7ve	area.	

THEORETICAL	FRAMEWORK	

y, e: intended & unintended output 
a: abated amount  
p: price of y 
w, q: input prices 
τ: levy rate of emission 
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si:	share	of	abatement	costs	A(e,a;q) 
subsidized	by	local	government.	
θi: firm i’s health-risk index, i.e., the 
relative pollution damage based on its 
location in a jurisdiction.  
Pollution damage D(e-a, θ) increase in θ. 
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MOTIVATION	&	QUESTION	

Mo-va-on	&	Background	
China’s	system	of	governance	provides	a	good	context	to	study	the	
“downstream	effect”,	i.e.,	pollu7on	externality	caused	by	poli7cal	pressure	as	
local	governments	tend	to	shie	pollu7on	burden	to	its	downstream	jurisdic7on.	
Background	
The	central	government	levies	taxes	on	firm’s	emissions	and	s7pulates	that	all	
tax	receipts	be	spent	only	on	funding	pollu7on	controls.	It	also	evaluate	local	
governments’	environmental	performance	in	addi7on	to	environmental	growth.	
Ques-on	
Do	we	observe	strategic	pollu7on	in	China,	i.e.,	local	governments	allow	firms	
loca7ng	at	less	environmental	sensi7ve	area	to	pollute	more?	If	so,	how	much	
pollu7on	reduc7on	can	be	achieved	if	inter-jurisdic7onal	nego7a7on	and	
transfers	are	allowed?	

The	central	government	levies	taxes	on	
emissions	to	fund	pollu7on	controls.	It	also	
evaluates	local	governments’	environmental	
performance	in	addi7on	to	economic	growth.	
Ques-on	
Do	we	observe	strategic	pollu7on	in	China?	
How	much	pollu7on	reduc7on	can	be	
achieved	if	inter-jurisdic7onal	nego7a7on	
and	transfers	are	allowed?	

PRELIMINARY	RESULTS	

Firm’s	Loca7onal	Impact	on	Charged	Pollu7on	Levy	(in	CHY),	China	2010-2015	
	
	
	
	
	
	
	
	
	
Pollu7on	Levy	Reduc7on	with	Inter-jurisdic7onal	Nego7a7on	(Es7mated)		
	
	

Table 1: Firm’s Locational Impact on Charged Pollution Levy (in CHYuan): China 2010-2015

distance in km to Power Cement Paper Chemical Manufacture Food/Bev Clothing

downstream -122.1

⇤⇤⇤
-58.38

⇤⇤⇤
-102.3

⇤⇤⇤
-116.9

⇤⇤⇤
-108.9

⇤⇤⇤
-16.25

⇤⇤⇤
-67.61

⇤⇤⇤

boundary (1.728) (1.303) (3.862) (2.491) (2.913) (1.148) (0.994)

closest -74.73

⇤⇤⇤
-190.2

⇤⇤⇤
-37.34

⇤⇤⇤
-148.7

⇤⇤⇤
-9.738

⇤
-4.683

⇤⇤⇤
-89.79

⇤⇤⇤

major river (16.70) (24.02) (4.582) (19.95) (4.950) (1.372) (5.659)

closest -708.4

⇤⇤⇤
-321.9

⇤⇤⇤
-216.7

⇤⇤⇤
-232.9

⇤⇤⇤
-146.9

⇤⇤⇤
-14.50

⇤⇤⇤
-689.3

⇤⇤⇤

tributary (26.19) (25.64) (31.68) (17.22) (12.25) (3.138) (24.28)

N 69236 20848 32296 45328 46476 39280 29220

Standard errors in parentheses. The first stage is significant yet not reported.

⇤ p < 0.05, ⇤⇤ p < 0.01, ⇤⇤⇤ p < 0.001

2

Table 1: Firm’s Locational Impact on Charged Pollution Levy (in CHYuan): China 2010-2015

distance in km to Power Cement Paper Chemical Manufacture Food/Bev Clothing

downstream -122.1

⇤⇤⇤
-58.38

⇤⇤⇤
-102.3

⇤⇤⇤
-116.9

⇤⇤⇤
-108.9

⇤⇤⇤
-16.25

⇤⇤⇤
-67.61

⇤⇤⇤

boundary (1.728) (1.303) (3.862) (2.491) (2.913) (1.148) (0.994)

closest -74.73

⇤⇤⇤
-190.2

⇤⇤⇤
-37.34

⇤⇤⇤
-148.7

⇤⇤⇤
-9.738

⇤
-4.683

⇤⇤⇤
-89.79

⇤⇤⇤

major river (16.70) (24.02) (4.582) (19.95) (4.950) (1.372) (5.659)

closest -708.4

⇤⇤⇤
-321.9

⇤⇤⇤
-216.7

⇤⇤⇤
-232.9

⇤⇤⇤
-146.9

⇤⇤⇤
-14.50

⇤⇤⇤
-689.3

⇤⇤⇤

tributary (26.19) (25.64) (31.68) (17.22) (12.25) (3.138) (24.28)

N 69236 20848 32296 45328 46476 39280 29220

Standard errors in parentheses. The first stage is significant yet not reported.

⇤ p < 0.05, ⇤⇤ p < 0.01, ⇤⇤⇤ p < 0.001
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Table 2: Locational Impact on Charged Pollution Levy: China 2010-2015
distance in meter Power Metal Cement Paper Chemical Manufacture Food/Bev Medical Sewage Clothing
downstream -675495.6⇤⇤⇤ -729323.0⇤⇤⇤ -309714.3⇤⇤⇤ -562428.8⇤⇤⇤ -601788.9⇤⇤⇤ -512182.1⇤⇤⇤ -528251.6⇤⇤⇤ -359581.6⇤⇤⇤ -325521.7⇤⇤⇤ -260067.8⇤⇤⇤

(9661.4) (9033.2) (5631.7) (14957.9) (10285.0) (7742.6) (20323.3) (16942.9) (16022.0) (4400.5)

major river -1813272.6⇤⇤⇤ -1413230.4⇤⇤⇤ -174062.9⇤⇤⇤ -182004.8⇤⇤⇤ -757318.0⇤⇤⇤ -191158.6⇤⇤⇤ -41597.9⇤⇤⇤ -257333.1⇤⇤⇤ -13387.6⇤⇤⇤ -1009006.0⇤⇤⇤

(47958.9) (36755.1) (11436.6) (10408.6) (31916.3) (10300.7) (5668.7) (18952.7) (3012.0) (20447.4)

tributary -2047750.5⇤⇤⇤ -1578355.7⇤⇤⇤ -232978.0⇤⇤⇤ -361879.0⇤⇤⇤ -1281501.1⇤⇤⇤ -513718.1⇤⇤⇤ -23316.5⇤⇤ -592750.5⇤⇤⇤ -41820.8⇤⇤⇤ -1271391.4⇤⇤⇤

(49956.2) (30304.5) (15712.7) (20884.5) (45478.0) (26422.6) (8023.6) (33450.3) (5453.8) (48799.5)
N 69236 74708 20848 32296 45328 46476 39280 11412 93488 29220

Standard errors in parentheses. Dep.Var: levy in Yuan; Key Indep.Var: log of distances in Meter. ⇤ p < 0.05, ⇤⇤ p < 0.01, ⇤⇤⇤ p < 0.001

Table 3: Pollution Levy Reduction with Inter-jurisdictional Negotiation
Sector Power Cement Paper Chemical Manufacture Food/Bev Clothing

Reduction Percentage 23.113% 32.676% 21.271% 25.938% 29.381% 23.936% 13.662%
In CHYuan 9.922⇥ 109 7.179⇥ 108 2.582⇥ 108 1.209⇥ 109 4.107⇥ 108 2.303⇥ 108 9.424⇥ 107
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Pollu7on	Levy	Reduc7on	with	Inter-jurisdic7onal	Nego7a7on	(Es7mated)		




