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Introduction

• The unbridled flow of effluents and airborne pollution in many 
developing countries remains a serious case for concern.

• Consequently, the subject of addressing environmental pollution 
continues to draw interest from various disciplines. 

• One of the purposes of the present research is to engage with 
possibility of pollution abatement at the firm level and the 
production reorganization that might result from it. 

• For European countries such choices manifest in other forms –
namely, innovations -- because governments offer rebates and also 
allow trade in rebates according to cap-and-trade policies adopted.   



Plan and Take Away

• We show that environment and pollution control expenses 
(CMIE definition of abatement cost) reported by firms belonging to 
major industrial categories in India over a decade has significant 
influence on how these firms reorganize production. But, this could 
initiate and increase general as well as, transboundary pollution.

• Importantly, we find that the effect of such cost is positive and 
significant in generating a greater amount of production 
outsourcing at the firm level.

• We check for several possible co-explanations behind why formal 
firms outsource production to smaller and often informal units, and 
still find the effect of abatement cost statistically significant and 
considerable in magnitude. 



Plan and Take Away

• We tested for issues in endogeneity and missing variable 
biases in all such specifications and conclude that unless 
strictly enforced, mandate of abatement cost is often 
transferred.

• Analytically, we investigate when pollution is a cross-border 
(contiguous)  phenomenon, and trade in pollution is 
permitted  --- could be a prime factor for participating in 
international negotiations – driven by issues in commodity 
trade

viz.  --- withdrawal of USA from Paris Convention may 
backfire in terms of welfare loss owing to trade in 
commodities alone



Motivation for Pollution Trade

• For coping with the problem of rationing access to the 
depleting commons, different policy instruments are used. 

• Climate policy instruments can be of two types – market 
based and non-market based.

• Non-market based instruments include: command and 
control, active (green) technology support, removal of green 
tech financial barriers, etc.

• Market based instruments are commonly, taxes, emission 
trading, removal of perverse incentives, liability rules, deposit 
refunds, etc. 



Motivation

• Our focus is on the market based solution and more specifically on 
cap-and-trade. 

• Cap and trade system, like taxes, by generating economic incentive 
to change the behavior of social agents helps to reduce pollution. 

• In case of cap-and-trade, a limit on the physical emission quantity 
(cap) of a harmful substance is fixed by a regulatory authority

• The emission allowance is traded in a market and polluters can 
trade them according to their needs. 

• Polluters abate pollution till it is cheaper than the allowance. So, the 
polluters with cheapest mitigation option will reduce the most.



Motivation

• Theoretically it generates the most cost effective solution. 

• Cap-and-trade (and most of other market based solutions) 
performs well in terms of (static) cost effectiveness

• However, these instruments may not always have the 
intended outcome in the presence of distortions – such as 
production fragmentation and inter-firm reorganization.  

• For the analytical exposition, we shall focus on emission 
spillover in case of transboundary pollution.



An Interesting Unresolved Case

• There are many cases of transboundary pollution disputes, between 
US and Canada, between different states of USA, in EU, Asia and 
Africa. 

• Transboundary pollution disputes between the United States and 
Canada are not new, and each country long ago established 
diplomatic mechanisms for addressing this issue.

• Beginning nearly a century ago, the two countries established the 
foundation for their bilateral relationship on environmental matters 
with the Boundary Waters Treaty of 1909 (executed between the 
United States and Great Britain on behalf of Canada).

• A well known transboundary pollution dispute was the Trail Smelter 
Arbitration. 

• In this classic transboundary pollution dispute, a privately owned 
metal smelter in Trail, British Columbia, produced sulfur dioxide 
emissions that caused damage to private property a few miles away 
in the state of Washington. 



An Interesting Unresolved Case

• The United States agreed to intervene on behalf of the 
Washington State landowners under the legal construct of 
espousal, in which the nation state takes on an international 
claim on behalf of its private citizens. 

• The countries referred the matter to the International Joint 
Commission for a factual study of the liabilities and damages. 

• In 1931, the International Joint Commission determined that 
the United States had suffered $350,000 (U.S.) in accrued 
damages, but also made a finding that further harm would not 
occur (Hall, 2006; Wirth, 1996) but due to lack of 
enforceability of transboundary pollution regulations the 
disputes were not completely resolved.



The Analytical Model

• It is important to consider, which not many papers usually do, that 
report of pollution spillover does not guarantee corrective policies at 
the source. 

• A large number of studies on water borne pollution between 
contiguous states and countries document that it is often difficult to 
force the source countries (taxes do not mitigate entire pollution 
effects)

• See Nordhaus (2008); Copeland and Taylor (1996, 2003); Bruvoll
and Faen, 2006; Dinar et al., 2011; Constantini, et al. 2013, etc.

• In order to address this concern, we develop a three-country two-
commodity model, where one commodity is pollution generating 
and the pollution is transboundary.



The Analytical Model

• Hatzipanayotou, Lahiri and Michael (2005, as a richer extension of 
2002) show that in case of transboundary pollution both private and 
public sector engages in pollution abatement activities. 

• It also allows for strategic transfers by the North to address 
pollution generated by industries in the South. 

• We look at it differently, where 2 out of 3 countries trade in 
commodities and pollution permits, while the 3rd country trades in 
commodities only.  Analogous to Bhagwati, Brecher and Hatta (1983 
AER) relating foreign aid and welfare. 

• Thus, two countries are bound by environmental restrictions via 
environmental treaties; the third nation is non-participating and 
thus regulation is not binding for the non-signatory country.



The Analytical Model

Each country produces and consumes two goods, X & Y. 

Production of X in country i is given by Xi, according to a 

production function ɸi(.), 0(.),0(.) 
ii   . Production of Xi 

generates pollution in all countries but at varying rates. 

Assume, Ɵi≠Ɵj ,∀ i, j = A,B,C, where Ɵi is an exogenous 

parameter that represents country i’s ratio of emission to 

output, such that total emission is given by: 

Ɛi= Ɵiɸi   (1) 



The Analytical Model

• We assume that country C is relatively more efficient than 
country A in production of X. 

• This implies that A uses outdated technology and emits more 
pollutants, which has a cross border outreach. 

• Country A exceeds its quota in order to produce the same 
amount of output, while C emits less than the quota.

We will assume that subject to a bilateral treaty A transfers its excess 

pollution to C at a price ti <  i , where   is the true price of abating 

the quota (if A had to abate pollution at home). We also hold T as the 

tightness of regulation in respective countries  -- like a policy 

variable.  



The Analytical Model: Notations

q = Relative price of good X. 

Ui = Welfare level or social utility level of country i. 

tƐi= Value of the trade in pollution in terms of commodity 

Y, which A is efficient in producing. 

ei (q, Ui, ti) = The expenditure function of country i 

ri(q, ti) = Revenue function of country i 

The utility function of country A, B, C are defined as UA = 

VA (q, TA), UB = VB (q) & UC = VC (q, TC) 

 

Also, xi (q, ti, Ui) = compensated import demand function 

for commodity X by country i, for i = A, B, C. 

Defining the over-spending function (Trade and Poln. 

Abatement) for country i, as, 

Ci(qi, ti, Ui) = ei(q, Ui, ti) - ri(q, ti)        (2) 



The Analytical Model

The above relations can be expressed as follows: 

CA (q, TA, UA) – tƐA = 0           (3) 

CB( q, TB, UB) = 0             (4) 

CC( q, TC, UC) + t ƐC = 0          (5) 

xA(q, TA, UA) + xB(q, TB, UB) + xC(q, TC, UC) = 0        

           (6) 

We assume that tA=tC=t, with AC t   ; C and A are 

true abatement costs in country C and A respectively; t 

is the price charged by C for abating pollution 

generated in A, given the cap space in C. 

Since  Ci(qi, Ti, Ui) = ei (q, Ui, Ti) - ri (q, Ti)    
𝛿𝐶 𝑖

𝛿𝑈 𝑖 = 
𝛿𝑒 𝑖

𝛿𝑈 𝑖 – 0.  



The Analytical Model

𝑥𝑞
𝐴 + 𝑥𝑞

𝐵  + 𝑥𝑞
𝐶  = 𝑥𝑞   ,  𝑥𝑞 < 0 

𝑥𝑡
𝐴 + 𝑥𝑡

𝐵  + 𝑥𝑡
𝐶  = 𝑥𝑡   , since B does not participate, 𝑥𝑡

𝐵  = 

0. Since A pays C to abate pollution, therefore 𝑥𝑡
𝐴  < 0 

and 𝑥𝑡
𝐵  > 0 by income effect. 

- 𝑒𝑡
𝐴 = 𝑒𝑡

𝑐  

 

     Additionally propensity to pollute is higher in 

country A, than in country C with every change in 

income, measured in terms of the social utility level. 

Finally, by Shephard’s lemma, 𝐶𝑞
𝑖 =𝑥i  ∀ i=A, B, C.  

Importantly, ƐT < 0, which implies that as regulation 

gets stricter, emission falls ; Ɛq> 0 that is as q rises 

supply of x rises leading to more emission; 0 < Ι𝜖𝑈
𝐶 Ι < 

ΙƐε𝑈
𝐴 Ι, 



The Analytical Model

Finally since global policy fixes the flow of pollution, we will consider that 

at any point in time the total stock is distributed between three countries and 

is a function of (q, ti, Ui).  

 

Therefore, 

ƐA(q, TA, UA ) + ƐB(q, TB, UB ) + ƐC(q, TC, UC )  ≠ 0      (7) 

 

Equation (7) suggest, that if country B were a party to international 

negotiations, excess pollution in one country would be offset by abatement 

in another country completely – not here, although true for A and C.  

 

But, since B is not a signatory to this treaty we will drop ƐB   from (11), such 

that, 

ƐA(q, TA, UA ) + ƐC(q, TC, UC ) = 0                                             (8) 

Where, Δ =   𝑥𝑢
𝐴 𝑥𝐴 + 𝑥𝑢

𝐵𝑥𝐵+𝑥𝑢
𝐶𝑥𝐶- 𝑥𝑞> 0 , is the stability 

condition, analogous to the Marshall- Lerner condition. 



The Analytical Model

 𝑒𝑈
𝑖 =1, independently and as an initial condition  



The Analytical Model



The Welfare Effects of a Technological Improvement in 

Pollution Abatement

      Using Cramer’s rule, we get, 
𝑑𝑈𝐴

𝑑𝑡
 = - [ϵϵT( -𝑥𝑞 +  𝑥𝑢

𝐴 𝑥𝐴 + 𝑥𝑢
𝐵𝑥𝐵+𝑥𝑢

𝐶𝑥𝐶)] / ΔM 

= - [ϵϵT( -𝑥𝑞 − 𝑥𝑢
𝐶𝑥𝐵+𝑥𝑢

𝐵𝑥𝐵)] / ΔM   , since 𝑥𝐴 + 𝑥𝐶 =

 −𝑥𝐵  

= - [εεT( -𝑥𝑞 − 𝑥𝐵(𝑥𝑢
𝐶-𝑥𝑢

𝐵)] / ΔM 

if xB= 0 𝑜𝑟 𝑥𝑢
𝐵=𝑥𝑢

𝐶  then (dUA/dt)<0, implying gains 

from trade in pollution and fall in the price of t 

Alternatively, B can be an exporter xB< 0 and 

propensity to consume X is more in C, same result 

holds.  



The Welfare Effects of a Technological Improvement in 

Pollution Abatement

𝑑q

𝑑𝑡
  = - 𝝐𝑻 (𝑥𝑢

𝐴  - 𝑥𝑢
𝐶)  ; 𝝐𝑻< 0 

     So, 
 𝑑q

𝑑𝑡
 > 0 

Since the relative price of the  export good for country B falls 
when the technology of pollution abatement improves, country B 
must suffer. 

𝑑𝑈𝐵  

𝑑𝑡
 = - [  εεT𝑥

𝐵 𝑥𝑢
𝐴 – 𝑥𝑢

𝐶 ] / ΔM   ; ƐT <0  

and (𝑥𝑢
𝐴 – 𝑥𝑢

𝐶)> 0 

 

So, 
𝒅𝑼𝑩 

𝒅𝒕
> 0 



The Welfare Effects of a Technological Improvement in 

Pollution Abatement

 Finally, endogenously chosen policy stringency of pollution 

rises as technology gets better. 

𝒅𝐓

𝒅𝒕
< 0 

𝒅𝑼𝑪 

𝒅𝒕
>0, iff, - Ɛ ƐT 𝑥𝑞 > Ɛ ƐT𝑥

𝐵(𝑥𝑢
𝐴 − 𝑥𝑢

𝐵) 

If B is a net exporter of X and by transitivity propensity to 
consume X in A is higher than that in B (it was higher than in C).



Local Evidence
• Wages, salaries, ex-gratia, provident funds (l)

Wages salaries and other benefits available to the workers are expected to 
increase their productivity and this serves as a measure of how efficiency 
wage raises productivity.  

• Profit after tax (pat)
We have considered the net profit of the firm after deducting taxes. Profit 
after tax equals the sum of the total revenue and the change in stocks less cost 
and corporate taxes. PAT and productivity are expected to be positively 
correlated.

• Fixed assets (k)
Fixed assets is defined as the sum of tangible assets, land and buildings, plant 
and machinery, computers and electrical assets, transport and 
communication equipment and infrastructure, and other fixed assets and net 
lease adjustment reserves. Arrears of depreciation and provisions for 
impairment are deducted from the above.

• Total outsourced jobs (s)
The measure of outsourcing is based directly on data reported by the firms. It 
gives the value of the firm’s purchase of products and customized 
components subcontracted to external suppliers. 



Data and Econometric Formulation

• We generate a panel data of 564 firms, from the most polluting 
industry list produced by Ministry of Environment, Forest and 
Climate Change, GoI (2016),  who have reported their pollution 
abatement cost at least for one year, over eight years from 2010 to 
2017

• The manufacturing firms have multiple sub-categories under the 
broad classifications, such as, food and agro products, textiles, 
chemicals, leather and paper. 



Descriptive Statistics

















ALL INDUSTRIES



Concluding Remarks

• This study has shown that even if strong environmental regulations 
are imposed by global and local authorities, there are possible 
leakages that might fail such regulations to generate the expected 
outcome. 

• Setting a high environmental standard by sacrificing today’s income 
is often luxury for developing country firms. 

• Firms that are polluting in nature, also exploits poor monitoring in 
LDCs and reduce their production cost and increase profitability. 

• Pollution being the public bad which has a negative externality there 
is always a possibility of free riding in pollution abatement 

• We showed that there are clear trade-based justifications in favor of 
joining environment treaties. 



THANK YOU!


