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Mo0va0ons	  

•  Environmental	  regula0ons	  are	  extremely	  
conten0ous.	  

Related	  Studies	  Mo0va0ons	  

vs.	  	  Social Benefits 

Infant	  mortality	  
(Chay	  and	  Greenstone	  2003a,	  2003b;	  
Currie	  and	  Neidell	  2005;	  Jayachandran	  
2009;	  Tanaka	  2015;	  Greenstone	  and	  
Hanna	  2012);	  

Educa1on	  
(Currie	  et	  al.	  2009)	  

Housing	  values	  	  
(Chay	  and	  Greenstone	  2004)	  

Labor	  Supply	  	  
(Hanna	  and	  Oliva	  2011)	  
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Mo0va0ons	  

•  Environmental	  regula0ons	  are	  extremely	  
conten0ous.	  

Related	  Studies	  Mo0va0ons	  

vs.	  	  Social Benefits Private Costs 

Educa1on	  
(Currie	  et	  al.	  2009)	  

Housing	  values	  	  
(Chay	  and	  Greenstone	  2004)	  

Labor	  Supply	  	  
(Hanna	  and	  Oliva	  2011)	  

Plant	  loca1on	  	  
(Henderson	  1996;	  
Becker	  and	  
Henderson	  2000);	  	  

Employment	  
(Greenstone	  
2002)	  	  

Inward	  and	  outward	  
FDI	  	  
(Eskeland	  and	  Harrison	  
1997;	  Hanna	  2010)	  

TFP	  
(Greenstone,	  
List,	  Syverson	  
2012)	  

Infant	  mortality	  
(Chay	  and	  Greenstone	  2003a,	  2003b;	  
Currie	  and	  Neidell	  2005;	  Jayachandran	  
2009;	  Tanaka	  2015;	  Greenstone	  and	  
Hanna	  2012);	  
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Our	  Study	  is…	  

•  Objec0ve:	  
– Examine	  the	  effect	  of	  environmental	  regula0ons	  
in	  China	  on	  industrial	  performance	  

•  Significance:	  	  
– Lidle	  evidence	  in	  developing	  countries	  
– Posi0ve	  effect	  on	  produc0vity	  	  
•  Induced	  innova0on	  (Porter,	  1991)	  
•  Resource	  misalloca0on	  (Hsieh	  and	  Klenow	  2009)	  

Objec0ve	  Introduc0on	  
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Research	  Design	  

Two	  Control	  Zone	  Policy	  (1998)	  
	  
	  
	  
	  
	  
	  
	  
	  

Two	  Control	  Zone	  Policy	  Research	  Design	  
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Research	  Design	  

•  SO2	  Pollu0on	  Control	  Zone	  
– Annual	  average	  SO2	  ≥	  60	  μg/m3 	   	  	  
– Daily	  average	  SO2	  ≥	  100	  μg/m3	  

– High	  SO2	  emissions 	   	  	  	  

•  Acid	  Rain	  Control	  Zone	  
– pH	  for	  precipita0on	  ≤	  4.5	  
– Sulfate	  deposi0on	  is	  greater	  than	  the	  cri0cal	  load	  
– High	  SO2	  emissions	  

Two	  Control	  Zone	  Policy	  Research	  Design	  
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Research	  Design	  

Two	  Control	  Zone	  Policy	  (1998)	  
•  Regula0ons	  
– No	  new	  thermal	  power	  plants	  
– Coal	  usage	  	  
– Technology	  adop0on	  
	  

•  Effec0veness	  
– Hao	  et	  al.	  2001;	  Yan	  et	  al.	  2002;	  He,	  Huo,	  and	  
Zhang	  2002;	  UNEP	  2009;	  Tanaka	  2015	  

	  
	  
	  
	  
	  
	  

Two	  Control	  Zone	  Policy	  Research	  Design	  
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Data	  Sources	  

•  Plant-‐level	  Informa0on	  
– The	  Annual	  Surveys	  of	  Industrial	  Produc0on	  	  
•  From	  1998	  through	  2005	  
•  Census	  of	  state-‐owned	  firms	  
•  Non-‐state-‐owned	  firms	  >	  RMB	  5	  million	  ($600K)	  in	  
revenues	  
•  >	  250,000	  firms	  and	  33	  industries	  in	  the	  power	  and	  
manufacturing	  sectors	  
•  >	  1	  million	  observa0ons	  at	  plant-‐by-‐year	  level	  

Data	  Research	  Design	  
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Econometric	  Modeling	  of	  Produc0vity	  

•  The	  basic	  firm	  produc0on	  func0on	  
	  	  	  	  	  	  	  	  	  	  	  	  yfict	  =	  α1lfict	  +	  α2kfict	  +α3’Xfict	  +	  ufict	  

– Y	  =	  Deflated	  sales	  
– L	  =	  Labor	  
– K	  =	  Capital	  
– X	  =	  A	  vector	  of	  controls	  that	  affect	  produc0vity	  
•  ln(Asset),	  Age,	  Ownership	  Type,	  Leverage,	  Capital	  
Intensiveness	  

Econometric	  Framework	  Research	  Design	  
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Econometric	  Modeling	  of	  Produc0vity	  

•  Difference-‐in-‐Differences	  Strategy	  
	  	  	  	  	  	  	  yfict	  =	  β1Pollu&oni	  ×	  TCZc	  +	  β2Energyi	  ×	  TCZc	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +	  α1lfict	  +	  α2kfict	  +α3’Xfict	  	  +	  ηct	  +	  λit	  +	  εfict	  

–  Introducing	  Two	  Varia0ons	  in	  Regulatory	  Stringency	  
•  Across	  ci0es	  (within	  the	  industry)	  
•  Across	  industries	  (within	  the	  city)	  

	  

•  Treatment	  Effect	  (β1)	  
	  	  	  	  =	  E[(yP,	  TCZ	  –	  yP,	  nonTCZ)	  –	  (yNP,	  TCZ	  –	  yNP,	  nonTCZ)|�]	  
	  	  	  	  =	  E[(yP,	  TCZ	  –	  yNP,	  TCZ)	  –	  (yP,	  nonTCZ	  –	  yNP,	  nonTCZ)|�]	  

Econometric	  Framework	  Research	  Design	  
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Main	  Effect	  
Main	  Effect	  Results	  
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Dynamic	  Effect	  
Main	  Effect	  Results	  
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Robustness	  using	  Alterna0ve	  Measures	  
Robustness	  Results	  

Table 3: Effect of TCZ Policy on Industrial Performance using Alternative Measures 
    Dependent variable 

    Profits    ROA    ROE   ROCE   Net Income 
    (1)   (2)   (3)   (4)   (5) 
Panel A: With no control 
Coal Share × 
TCZ   67,234***   0.0319   0.0533   0.0157   54,405*** 
    (18,630)   (0.0414)   (0.108)   (0.0880)   (16,396) 
Panel B: With firm controls 
Coal Share × 
TCZ   48,208**   0.0743***   0.110**   0.0796*   36,013** 
    (20,277)   (0.0219)   (0.0498)   (0.0463)   (17,759) 
Panel C: With city-by-industry controls 
Coal Share × 
TCZ   59,026**   0.0367   0.220***   0.212***   42,616** 
    (23,224)   (0.0262)   (0.0536)   (0.0503)   (19,981) 
Panel D: With all controls 
Coal Share × 
TCZ   48,401**   0.0534**   0.0941*   0.0438   33,695 
    (24,148)   (0.0256)   (0.0549)   (0.0528)   (21,049) 

!
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Effect	  on	  Firm	  Turnover	  and	  Selec0on	  Dynamics	  
Mechanisms	  Results	  

Table 4: Effect on Firm Turnover and Selection Dynamics 
Dep. Var. Enter1 Enter2 Exit Exit ln(Revenue) ln(Revenue) 
Sample All All All Incumbents Entrants Dropouts 
  (1) (2) (3) (4) (5) (6) 
Coal Share × TCZ -0.0993***  -0.0812*** 0.0940*** 0.0713** 1.643*** -0.647*** 
  (0.0307)  (0.0275) (0.0246) (0.029) (0.254) (0.225) 
Firm controls Yes Yes Yes Yes Yes Yes 
City-by-Industry controls Yes Yes Yes Yes Yes Yes 
City-by-Year FE Yes Yes Yes Yes Yes Yes 
Industry-by-Year FE Yes Yes Yes Yes Yes Yes 

•  Less	  firms	  entered	  the	  market	  
•  More	  firms	  exited	  the	  market	  
•  Entrants	  performed	  beder	  
•  Dropouts	  performed	  worse	  
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Effect	  on	  Firm	  Turnover	  and	  Selec0on	  Dynamics	  
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Effect	  on	  Induced	  Innova0on	  
Mechanisms	  Results	  
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Alterna0ve	  Hypotheses	  

•  Ini0al	  Differences	  in	  Performance	  
– No	  difference	  in	  1998	  

•  Price	  Effect	  
– No	  difference	  between	  TFPR	  and	  TFPQ	  

•  Unobserved	  Government	  Policies	  
– No	  difference	  between	  state-‐owned	  and	  private	  
firms	  

•  Alterna0ve	  measure	  of	  pollu0on	  intensity	  
– Similar	  findings	  using	  SO2	  emissions	  

Alterna0ve	  hypotheses	  Results	  



Tanaka	  (TuGs	  Univ.)	   Environmental	  Regula0on	  and	  Industrial	  Performance	   24/26	  

Decomposi0on	  Exercise	  

	  

– P	  =	  total	  pollu0on	  
– V	  =	  total	  value	  of	  shipment	  
– θ	  =	  market	  share	  of	  each	  industry	  
– z	  =	  pollu0on	  intensity	  

Decomposi0on	  Results	  

P =Vθ 'z
dP =θ 'zdV + vz 'dθ +Vθ 'dz

Total	  
pollu0on	  
change	  

Scale	  effect	   Composi0on	  
effect	  

Technique	  
effect	  
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Decomposi0on	  Exercise	  

•  800%	  Increase	  in	  Manufacturing	  Output	  
•  Only	  23%	  increase	  in	  SO2	  emissions	  
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Results	   Decomposi0on	  
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Conclusions	  

•  Policy	  Implica0ons	  
– Net	  benefits	  on	  compe00veness	  in	  pollu0ng	  
industries	  

– Mechanism	  1:	  greater	  market	  dynamics	  
– Mechanism	  2:	  induced	  innova0on	  

•  World	  Implica0ons	  
– Oversta0ng	  the	  costs	  by	  focusing	  on	  firm	  level	  
– Global	  warming	  

Conclusions	  
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Mo0va0ons	  

Source:	  WDI	  (1995)	  
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Dynamic	  Effect	  	  
1.	  Main	  Effect	  Results	  
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“Misalloca0on”	  of	  Resources	  
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Pollution and Energy Intensity, by Industry 

Code Industry SO2 Coal Energy 
13 Agricultural byproduct processing 0.00% 1.27% 1.50% 
14 Food industry / manufacturing of food 3.05% 0.88% 0.92% 
15 Beverage indsutry/ manufacture of beverage 3.05% 0.71% 0.76% 
16 Tobacco industry / manufacture of tobacco 3.05% 0.14% 0.17% 
17 Textile industry 2.02% 1.84% 2.69% 

18 Textile garments, footwear and headgear industry/ manufacturing of 
textile garments, footwear, footwear and headgear 0.00% 0.09% 0.25% 

19 Leather, fur, down and its related manufacturing 0.12% 0.17% 0.22% 

20 Processing of timbers and manufacture of wood, bamboo, cane, palm, 
and straw 0.00% 0.26% 0.29% 

21 Manufacture of furniture 0.00% 0.05% 0.08% 
22 Manufacture of paper and paper products 2.13% 1.55% 1.63% 
23 Printing, reproduction of recording media 0.05% 0.06% 0.16% 

24 Manufacture of goods for culture and education, and sports wear 0.00% 0.02% 0.05% 

25 Processing of petroleum, coking, processing of nucleus fuel 1.06% 5.83% 4.24% 
26 Manufacture of chemical raw material and chemical materials 7.94% 7.85% 12.06% 
27 Medical and pharmaceutical manufacturing 0.81% 0.66% 0.92% 
28 Chemical fiber manufacturing 1.07% 0.60% 0.97% 
29 Manufacture of rubber 0.49% 0.41% 0.49% 
30 Manufacture of plastic 0.16% 0.23% 0.41% 
31 manufacture of nonmetal minerals 7.30% 9.75% 9.95% 
32 Smelting and pressing of ferrous metals 6.25% 9.38% 14.13% 
33 Smelting and pressing of nonferrous metals 4.69% 0.98% 2.17% 
34 Metal manufacturing 0.16% 0.34% 0.76% 
35 General purpose equipment manufacturing 0.00% 0.60% 1.26% 
36 Special purpose equipment manufacturing 0.00% 0.47% 0.83% 
37 Transport equipment manufacturing 0.00% 0.62% 1.05% 
39 Electrical machinery and equipment manufacturing 2.28% 0.25% 0.48% 

40 Communication equipment, computer and other electronic equipment 0.00% 0.10% 0.25% 

41 Measuring instrument and machinery for culture and educational activity 
and office work 0.00% 0.05% 0.11% 

42 Art work and other manufacturing 0.00% 0.66% 0.94% 
43 Recycling and disposal of waste 0.00% 0.00% 0.00% 
44 Production and supply of electric power and heating power 55.85% 31.81% 5.38% 
45 Production and supply of gas 0.00% 0.55% 0.26% 
46 Production and supply of water 0.00% 0.03% 0.37% 
  Manufacturing and power sectors total 95.41% 78.23% 65.75% 

  National total 13,098,346 137,676.5 131,175.6 
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Econometric	  Modeling	  of	  Produc0vity	  

•  Alterna0ve	  measures	  of	  produc0vity	  
– Profits	  
– Returns	  on	  assets	  (ROA)	  =	  profits/assets	  
– Returns	  on	  equity	  (ROE)	  =	  profits/equity	  
ownership	  rights	  

– Returns	  on	  capital	  employed	  (ROCE)	  =	  profits/
capital	  employed	  

– Net	  income	  	  
– TFPQ	  =	  Physical	  produc0vity	  =	  Y/Kα(wL)1-‐α	  
– TFPR	  =	  revenue	  produc0vity	  =	  PY/Kα(wL)1-‐α	  
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•  Regula0ons	  within	  TCZ	  
–  No	  new	  coal	  mines	  producing	  coal	  with	  a	  sulfur	  content	  higher	  
than	  3%	  can	  be	  established,	  and	  exis0ng	  mines	  that	  produce	  
such	  coal	  must	  gradually	  be	  shut	  down	  or	  reduce	  output.	  

	  
–  Construc0on	  of	  any	  new	  coal-‐burning	  thermal	  power	  plants	  in	  
large	  and	  medium-‐sized	  prefectures	  is	  prohibited.	  

	  
–  All	  new	  and	  renovated	  power	  plants	  are	  required	  to	  use	  coal	  
with	  less	  than	  1	  %	  sulfur	  content.	  

	  
–  Exis0ng	  power	  plants	  using	  coal	  with	  sulfur	  content	  above	  1%	  
are	  required	  to	  install	  flue	  gas	  desulfuriza0on	  (FGD)	  equipment.	  
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Effec1veness	  of	  TCZ	  Policy	  
•  Substan0al	  fall	  in	  SO2	  emissions	  

–  23.67	  Mt	  in	  1995	  è	  19.95	  Mt	  in	  2000	  
–  About	  71%	  of	  all	  factories	  in	  TCZ	  met	  the	  SO2	  emission	  standard	  

•  Ac0vely	  shu�ng	  down	  collieries	  and	  power	  plants	  
–  Collieries,	  producing	  high	  sulfur	  coal,	  had	  been	  closed	  
–  10	  Mt	  reduc0on	  in	  raw	  coal	  consump0on	  
–  0.4	  Mt	  reduc0on	  in	  SO2	  emissions	  

	  
•  Increased	  compliance	  to	  pollu0on	  standard	  

–  Ci0es	  in	  the	  SO2	  pollu0on	  (acid	  rain)	  control	  zone	  
•  Ci0es	  mee0ng	  the	  Class	  II	  standard	  rose	  by	  12.3%	  (3.3%)	  
•  Ci0es	  mee0ng	  the	  Class	  III	  standard	  increased	  by	  4.2%	  (7.9%)	  
•  Ci0es	  not	  mee0ng	  the	  Class	  III	  standard	  fell	  by	  16.5%	  (11.2%)	  

•  More	  reduc0ons	  in	  TSPs	  in	  TCZs	  
–  22%	  reduc0ons	  in	  TSPs	  
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Alterna0ve	  Hypotheses	  
3.	  Evidence	  on	  Induced	  Innova0on	  


