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Key messages 

1.  Market	
  based	
  methods	
  of	
  reducing	
  CO2	
  emissions	
  
are	
  substan/ally	
  less	
  costly	
  to	
  GDP	
  than	
  command	
  
and	
  control	
  measures.	
  	
  
– Market based measures to reduce emissions are “Cap and 

Trade” or a tax on emissions. 
– Command and control measures we examine are 

emissions intensity standards and energy intensity 
standards. 

2.  If	
  foreign	
  direct	
  investment	
  or	
  imperfect	
  
compe//on	
  issues	
  are	
  present,	
  ignoring	
  them	
  and	
  
their	
  endogenous	
  produc/vity	
  effects	
  risks	
  geVng	
  
the	
  sign	
  wrong.	
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Policy background: trade 

•  WTO	
  Reform	
  
	
  Accession	
  of	
  Russia	
  to	
  WTO	
  aWer	
  19	
  years	
  of	
  
nego/a/on	
  in	
  2012:	
  
–  	
  AWer	
  all	
  commitments	
  are	
  implemented	
  (in	
  2020),	
  	
  

•  un-­‐weighted	
  average	
  tariffs	
  will	
  fall	
  from	
  11.5	
  percent	
  to	
  7.9	
  
percent;	
  	
  	
  

•  weighted	
  average	
  tariffs	
  will	
  fall	
  from	
  13.0	
  percent	
  to	
  5.8	
  percent;	
  
•  The	
  average	
  “bound”	
  tariff	
  rate	
  of	
  Russia	
  under	
  its	
  World	
  Trade	
  
Organiza/on	
  commitments	
  will	
  be	
  8.6	
  percent,	
  that	
  is,	
  0.7	
  
percentage	
  points	
  higher	
  than	
  the	
  applied	
  tariffs.	
  	
  

•  Commitments	
  in	
  business	
  services,	
  including	
  to	
  
foreign	
  environmental	
  services	
  provides.	
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Policy background: climate 

•  Russia	
  is	
  5th	
  largest	
  CO2	
  emider	
  	
  
– 5%	
  of	
  global	
  CO2	
  emissions	
  in	
  2014	
  ()	
  

•  31	
  March	
  2015:	
  Russian	
  Federa/on	
  submided	
  
intended	
  na/onally	
  determined	
  contribu/on	
  
(INDC)	
  
–  “Limi/ng	
  anthropogenic	
  greenhouse	
  gases	
  in	
  Russia	
  to	
  
70-­‐75%	
  of	
  1990	
  levels	
  by	
  the	
  year	
  2030	
  might	
  be	
  a	
  
long-­‐term	
  indicator,	
  subject	
  to	
  the	
  maximum	
  possible	
  
account	
  of	
  absorbing	
  capacity	
  of	
  forests.”	
  

•  Climate	
  Ac8on	
  Tracker:	
  “AWer	
  accoun/ng	
  for	
  forestry	
  this	
  is	
  a	
  reduc/on	
  
of	
  only	
  6%	
  to	
  11%	
  below	
  1990	
  levels	
  of	
  industrial	
  GHG	
  emissions,	
  and	
  
an	
  increase	
  of	
  30%	
  to	
  38%	
  compared	
  to	
  2012	
  levels.”	
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Policy background: climate	
  

Source:	
  climateac/ontracker.org	
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Рисунок 10.  Прогнозы выбросов ПГ по отдельным сценариям   

 
Примечания. Прогноз МТИ (MIT) нормирован на значение выбросов в 2010 году. Значения для сценариев 
ИНП РАН рассчитаны предоставленным энергобалансам за 2010-2060 гг. с использованием утвержденных 
методикой МГЭИК коэффициентов выбросов ПГ. Ширина столбца отражает диапазон прогнозов для каждого 
набора темпов экономического роста или разного набора мер политики.  

Источник: ЦЭНЭФ на базе данных, полученных от участников проекта. 

Формулировка обязательств по контролю за выбросами ПГ для России звучит иначе, чем 
для многих других стран: не «снижать выбросы ПГ на хх%», а «удерживать выбросы ПГ 
на уровне на хх% ниже значения  1990 г.». При этом выбросы в нашей стране могут даже 
несколько возрасти. Иными словами, если большинство стран идет к цели «сверху вниз», то 
Россия может двигаться к ней «снизу вверх». Но это справедливо лишь до тех пор, пока 
фактические выбросы ПГ не превысят целевого уровня. Как только такое превышение 
произойдет, или целевая установка выбросов будет существенно понижена, то как и в других 
странах, встанет задача абсолютного снижения выбросов ПГ.   

Не во всех сценариях при использовании только «действующих» мер политики 
возможно выполнение требований целевой установки Указа №752 по удержанию 
выбросов к 2020 г. на 25% ниже уровня 1990 г. (высокий уровень согласия). Для 
обеспечения этих требований нужно как повысить эффективность реализации 
«действующих» мер политики, так и запустить ряд «новых». В 2050 г. в сценариях с 
«новыми» мерами политики выбросы ПГ с большой вероятностью не превышают 65% от 
объема 1990 г. В сценариях с «решительными» мерами политики выбросы ПГ к 2050 г. 
могут снизиться до 50% от объема 1990 г.13  

                                                 
13 По имеющимся прогнозам даже Китай выходит на пик выбросов (Namazu, M., S. Fugimori, K. 
Jiang and Y. Matsuoka (2013). Feasibility of low carbon development in China. Global Environmental 
Research. V.17, No. 1. 2013.)  

 динамичный рост  «действующие» меры  
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Бóльшая часть прогнозов сходится на том, что во времени темпы прироста ВВП будут 
умеренными и будут снижаться. Сценарии существенно расходятся в отношении оценок 
перспектив экономического роста в России (рис. 8), что в значительной степени определяется 
различными «видениями» будущего. Зона неопределенности динамики ВВП разделена на три 
сегмента: «медленный рост» (менее вероятная нижняя зона) – рост до 2% в 2013-2030 гг., до 1% 
в 2031-2050 гг. с возможным прекращением роста после 2050 г.; «умеренный рост» (более 
вероятная зона) – рост на 2-4% в 2013-2030 гг., на 1-3% в 2031-2050 гг.; «динамичный рост» 
(менее вероятная верхняя зона) – рост на 4% и более в 2013-2030 гг.; на 3% и более в 2031-
2050 гг.  В основной части комплексных моделей динамика ВВП задается. Только в нескольких 
моделях она корректируется с учетом влияния параметров политики по контролю над 
выбросами. Ясно, что разные уровни и структура потребления первичной энергии меняют 
условия экономического развития.  

Рисунок 8. Прогнозы темпов роста ВВП России на период до 2060 г. 

 
Источник: ЦЭНЭФ на базе данных, полученных от участников проекта 

Перечень мер политики по контролю за выбросами ПГ и их возможных сочетаний 
довольно широк, что создает широкое информационное поле для обоснования возможности 
достижения целевых ориентиров политики контроля выбросов парниковых газов, но 
одновременно не позволяет сформировать компактную классификацию этих мер. Поэтому 
классифицировать набор мер политики по уровню контроля над выбросами ПГ предлагается на 
основе отнесения мер политики к трем множествам: 

x «действующие меры» – меры, принятые нормативными документами и уже 
запущенные по состоянию на лето 2013 г., с коррекцией на возможность 
достижения сформулированных в них целевых установок. Эти меры уже частично 
содержат пункты утвержденного Правительством РФ в 25.04.2011 «Комплексного 
плана реализации Климатической доктрины Российской Федерации на период до 
2020 года»; 

Source:	
  Bashmakov	
  et	
  al	
  (2014)	
  

Almost	
  all	
  scenarios	
  
predict	
  	
  energy	
  sector	
  
emissions	
  in	
  2050	
  at	
  least	
  
11%	
  less	
  than	
  in	
  1990.	
  
Slow	
  economic	
  growth	
  
lowers	
  projec/ons.	
  	
  	
  

Energy sector CO2 emission projections	
  

GDP	
  growth	
  assump/ons	
  



Climate awareness:  
extreme weather events	
  

•  2010	
  	
  heat	
  wave	
  and	
  peat	
  
fires	
  around	
  Moscow	
  

•  2013	
  Amur	
  river	
  
flood	
  in	
  Far	
  East	
  

•  2015	
  Forest	
  fires	
  in	
  
Siberia	
  



Policy background: energy efficiency 

•  Energy	
  efficiency	
  
	
  “Energy	
  Saving	
  and	
  Energy	
  Efficiency	
  Improvement	
  
un/l	
  2020”	
  program:	
  energy	
  intensity	
  (energy/
GDP)	
  reduc/on	
  by	
  40	
  percent	
  by	
  2020	
  compared	
  
to	
  2007	
  	
  

•  IEA	
  (WEO	
  2011):	
  Russian	
  energy	
  efficiency	
  goal	
  is	
  
feasible	
  only	
  in	
  2028	
  (New	
  Policies	
  Scenario).	
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Energy	
  use	
  by	
  sector	
  
Центр по эффективному использованию энергии. ЦЭНЭФ -20 лет
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Рисунок 6.1 – Динамика потребления энергии по основным секторам экономики
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В структуре потребления первичной энергии доминирует природный газ, и его доля
продолжает расти: в 2000 г. она была равна 52,4%, в 2005-2009 гг. была на уровне около
55% и выросла до 56,7% в 2010 г. (рис. 6.2).

Рисунок 6.2 – Динамика потребления энергии по основным видам первичной энергии
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Наиболее динамично потребление энергии росло в 2000-2010 гг. на транспорте (54% всего
прироста). За ним следовали потери при выработке электроэнергии (за счет динамичного
роста ее потребления), потребление на неэнергетические нужды, в жилищном секторе и
сфере услуг. В целом ряде секторов, в т.ч. в промышленности, в эти годы потребление
энергии абсолютно снижалось (рис. 6.3).

Source:	
  Bashmakov,	
  Myshak	
  (2012)	
  



CGE model for Russia – basic features  
	
  
	
  

•  Aggrega4on:	
  mul/-­‐sector	
  (30	
  industries)	
  ,	
  mul/-­‐province	
  (10	
  regions)	
  

•  Time	
  treatment:	
  sta/c	
  

•  Market	
  conduct:	
  perfect	
  and	
  	
  imperfect	
  (monopolis/c)	
  compe//on	
  

•  FDI:	
  mul/na/onal	
  service	
  providers	
  can	
  invest	
  to	
  obtain	
  domes/c	
  presence	
  	
  

•  Factors:	
  

•  2	
  types	
  of	
  labor:	
  skilled	
  and	
  unskilled	
  Labor	
  –	
  mobile	
  across	
  sectors,	
  but	
  

immobile	
  across	
  regions	
  

•  3	
  types	
  of	
  capital:	
  region-­‐	
  and	
  sector-­‐specific	
  capital	
  in	
  fuel	
  sectors	
  and	
  	
  in	
  

imperfectly	
  compe//ve	
  industries;	
  capital	
  mobile	
  across	
  sectors	
  but	
  

immobile	
  across	
  regions	
  

•  Primary	
  input	
  imported	
  by	
  mul/na/onal	
  service	
  providers	
  

•  Trade:	
  Armington	
  assump/on	
  of	
  product	
  heterogeneity	
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Tables 

 

Table 1.  List of Sectors

RLW Railway transportation
TRK Truck transportation
PIP Pipelines transportation
MAR Maritime transportation
AIR Air transportation
TRO Other transportation
TMS Telecommunications
SCI Science & science servicing
FIN Financial services 

FME Ferrous metallurgy
NFM Non-ferrous metallurgy
CHM Chemical & oil-chemical industry
MWO Mechanical engineering & metal-working
TPP Timber & woodworking & pulp & paper industry
CNM Construction materials industry
FOO Food industry
OTI Other industries 

HEA Public services, culture and arts
AGR Agriculture & forestry
COL Coalmining
HOU Housing and communal services
CON Construction
ELE Electric industry
GAS Gas
CRU Crude oil extraction
OIL Oil refining and processing
OTH Other goods-producing sectors 
PST Post
TRD Wholesale and retail trade 
CLI Textiles and apparel

3.  Competitive sectors subject to constant returns to scale

1.  Sectors where foreign direct investment from new multinational services providers is 
possible 

2.  Sectors where new foreign firms may provide new goods from abroad

37 
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CES  σ =3 = esub CES  σ =3 = esub 

Cobb-Douglas 

Energy Composite 

CES 
Gas-Oil Composite Electricity 

σ = 1 

GAS OIL (refined) 

σ = 3 

σ = 1.25 
Other IRTS 

Goods  
Leontief 

σ = 0 
CES 

IRTS 
Good 1  IRTS  

Good n  IRTS  
Good g  

σ = 3 = esub a/ 

Imports of g from  
Rest of World 

Rest of World firms  
selling g in RMr 

CES 

σ =3  

Goods g from 
RM 1 

Firms in RM 1 
selling g in RMr 

CES 

Goods g from 
RM m 

Firms in RM m 
selling g in RMr 

CES 

Goods g from 
RM q 

Firms in RM q 
selling g in RMr 

CES 

CES 
σ = sigmadm a/  

Russian goods Rest of World  
Imports 

CRTS 
Good 1  CRTS  

Good n  CRTS  
Good g  

CES 

Own Regional  
Market 

Other Russian  
Imports 

σ = 1.5 * sigmadm  

CES 

Imports from RMm 

Leontief 

σ = 0 

σ =3  σ =3  σ =3=    
esub  

σ = 2 * sigmadm  

a/  sigmadm = 3 in CRTS sectors, except in OTH (other goods producing sectors). For OTH we rely on estimates from Ivanova (2005). 
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stock of skilled labour within the economy, assuming that existing skilled
workers need training to enable them to move directly into the foreign ser-
vice-firm enclave, and that some share of the skilled workers are immobile.

Before proceeding, we will mention of a couple of interesting results. First,
we use a static model to show that liberalization of rules to permit inward trade
and FDI in producer services may imply that these services are general-equilib-
rium complements to domestic skilled labour, even though they appear to
substitute for domestic skilled labour in a partial-equilibrium sense. Thus, it
is likely that foreign services may foster the accumulation of skilled workers.
Second, allowing inward trade and FDI in producer services may significantly
affect the pattern of trade in goods. As in the ‘key input’ argument above, these
services may reverse the direction of trade, permitting the host country to
successfully export advanced products. Third, we find that the transitional
process may involve substantial changes in the market for skilled labour,
particularly if we assume that workers in foreign enterprises require specialized
education. These effects depend on assumptions regarding the share of existing
skilled workers that are immobile. If a high share of skilled workers are
immobile, wages of immobile skilled workers could fall significantly during
the transition, and the transition process could take several years to complete.

Finally, owing to data limitations, most of the values for the various shares
and elasticities are assumed without firm empirical support. Thus, the results
should be considered illustrative, but speculative.

2. Modelling trade and FDI in producer services3

Our basic approach will be to model producer services as intermediate inputs.
These intermediate inputs will be differentiated from one another and may also
be differentiated according to whether or not they are produced domestically
or by foreign firms. Both types of service are produced with increasing returns
to scale, owing to fixed costs.

There will be two final goods, X and Y, and two primary factors available
on the domestic market, S and L. S will denote skilled labour and L will denote
all other factors, aggregated into a composite factor to simplify the model. S
and L are in fixed aggregate supply and immobile between countries. The
production function for Y is written in Cobb-Douglas form to facilitate
comparison with X, but in the numerical model we allow the more general
CES production function.

Y ¼ S!y
y L(1"!y)

y : (1)

Services are an intermediate input into X production. The composite of all
services inputs Z enters into the production of X:

3 See Markusen, Rutherford, and Tarr (2000) for a complete specification of the model and
further details on the derivations.
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•  Two	
  final	
  goods,	
  X	
  and	
  Y,	
  	
  
•  Two	
  primary	
  factors	
  available	
  on	
  the	
  domes/c	
  market,	
  	
  

–  Skilled	
  labour	
  (S);	
  	
  
–  All	
  other	
  factors	
  (L).	
  	
  

•  Services	
  (Z)	
  are	
  an	
  intermediate	
  input	
  into	
  X	
  produc/on.	
  Services	
  are	
  
produced	
  by	
  imperfectly	
  compe//ve	
  domes/c	
  (ZD)	
  and	
  foreign	
  (ZM)	
  firms.	
  

•  Cost	
  func/ons	
  for	
  domes/c	
  and	
  foreign	
  intermediates	
  	
  
	
  

X ¼ S!x
x L"x

x Z(1"!x""x)
x : (2)

Later, in some illustrative simulations, we will assume that in direct S and L
requirements, X is skilled-labour intensive relative to Y, in the sense that !x/
"x > !y/"y.

Services are produced by imperfectly competitive firms. There is a one-to-
one correspondence between the firm and its differentiated service varieties.
There are both domestic and foreign firms producing services inputs. Zx is a
CES function of ZD and ZM, each of which is in turn a CES function of the
individual ZD and ZM varieties, zdi and zmj, respectively.

Zx ¼ (ZD# þ ZM#)1=#: (3)

ZD ¼
Xnd

i

zd$
i

" #1=$

ZM ¼
Xnm

i

zm2
j

" #1=2

, (4)

where nd and nm are the number of domestic and imported service varieties,
respectively. The elasticities of substitution within product groups are %d ¼ 1/
(1 " $) and %m ¼ 1/(1 " "). We require that $ and " are between 0 and 1,
which implies that the elasticities of substitution within product groups exceed
unity.

Domestic intermediate inputs ZD are produced using domestic skilled
labour and the composite factor. Imported services ZM are produced from
domestic skilled labour, the composite domestic factor, and a composite
imported factor. Examples of these imported inputs, which will be denoted
V, are specialized technical expertise, advanced technology, management
expertise, and marketing expertise.

The variable V is thus quite general and denotes a key difference between
foreign and domestic production structures.

zdi and zmi are produced with a fixed and a variable cost. Let CD and CM be
the cost function for producing individual domestic and foreign varieties. We
impose a symmetry assumption within firm types; that is, all foreign firms have
identical cost structures, and all domestic firms that operate have cost struc-
tures identical to other domestic firms. cd and cm represent unit variable cost
functions, and fd and fm represent the fixed costs functions for domestic and
foreign varieties, respectively. Let r be the price of S, w be the price of L, and pv
be the price of V. Cost functions for domestic and foreign intermediates are thus

CD(r, w, zd) ¼ cd(r, w)zd þ fd(r, w) (5)

CM(r, w, pv, zm) ¼ cm(r, w, pv)zmþ fm(r, w, pv): (6)

The trade balance condition requires that net exports of X and Y equal net
payments for foreign services. Let p*x and p*y denote the world prices of X and
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X ¼ S!x
x L"x

x Z(1"!x""x)
x : (2)

Later, in some illustrative simulations, we will assume that in direct S and L
requirements, X is skilled-labour intensive relative to Y, in the sense that !x/
"x > !y/"y.

Services are produced by imperfectly competitive firms. There is a one-to-
one correspondence between the firm and its differentiated service varieties.
There are both domestic and foreign firms producing services inputs. Zx is a
CES function of ZD and ZM, each of which is in turn a CES function of the
individual ZD and ZM varieties, zdi and zmj, respectively.

Zx ¼ (ZD# þ ZM#)1=#: (3)

ZD ¼
Xnd

i

zd$
i

" #1=$

ZM ¼
Xnm

i

zm2
j

" #1=2

, (4)

where nd and nm are the number of domestic and imported service varieties,
respectively. The elasticities of substitution within product groups are %d ¼ 1/
(1 " $) and %m ¼ 1/(1 " "). We require that $ and " are between 0 and 1,
which implies that the elasticities of substitution within product groups exceed
unity.

Domestic intermediate inputs ZD are produced using domestic skilled
labour and the composite factor. Imported services ZM are produced from
domestic skilled labour, the composite domestic factor, and a composite
imported factor. Examples of these imported inputs, which will be denoted
V, are specialized technical expertise, advanced technology, management
expertise, and marketing expertise.

The variable V is thus quite general and denotes a key difference between
foreign and domestic production structures.

zdi and zmi are produced with a fixed and a variable cost. Let CD and CM be
the cost function for producing individual domestic and foreign varieties. We
impose a symmetry assumption within firm types; that is, all foreign firms have
identical cost structures, and all domestic firms that operate have cost struc-
tures identical to other domestic firms. cd and cm represent unit variable cost
functions, and fd and fm represent the fixed costs functions for domestic and
foreign varieties, respectively. Let r be the price of S, w be the price of L, and pv
be the price of V. Cost functions for domestic and foreign intermediates are thus

CD(r, w, zd) ¼ cd(r, w)zd þ fd(r, w) (5)

CM(r, w, pv, zm) ¼ cm(r, w, pv)zmþ fm(r, w, pv): (6)

The trade balance condition requires that net exports of X and Y equal net
payments for foreign services. Let p*x and p*y denote the world prices of X and
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X ¼ S!x
x L"x

x Z(1"!x""x)
x : (2)

Later, in some illustrative simulations, we will assume that in direct S and L
requirements, X is skilled-labour intensive relative to Y, in the sense that !x/
"x > !y/"y.

Services are produced by imperfectly competitive firms. There is a one-to-
one correspondence between the firm and its differentiated service varieties.
There are both domestic and foreign firms producing services inputs. Zx is a
CES function of ZD and ZM, each of which is in turn a CES function of the
individual ZD and ZM varieties, zdi and zmj, respectively.

Zx ¼ (ZD# þ ZM#)1=#: (3)

ZD ¼
Xnd

i

zd$
i

" #1=$

ZM ¼
Xnm

i

zm2
j

" #1=2

, (4)

where nd and nm are the number of domestic and imported service varieties,
respectively. The elasticities of substitution within product groups are %d ¼ 1/
(1 " $) and %m ¼ 1/(1 " "). We require that $ and " are between 0 and 1,
which implies that the elasticities of substitution within product groups exceed
unity.

Domestic intermediate inputs ZD are produced using domestic skilled
labour and the composite factor. Imported services ZM are produced from
domestic skilled labour, the composite domestic factor, and a composite
imported factor. Examples of these imported inputs, which will be denoted
V, are specialized technical expertise, advanced technology, management
expertise, and marketing expertise.

The variable V is thus quite general and denotes a key difference between
foreign and domestic production structures.

zdi and zmi are produced with a fixed and a variable cost. Let CD and CM be
the cost function for producing individual domestic and foreign varieties. We
impose a symmetry assumption within firm types; that is, all foreign firms have
identical cost structures, and all domestic firms that operate have cost struc-
tures identical to other domestic firms. cd and cm represent unit variable cost
functions, and fd and fm represent the fixed costs functions for domestic and
foreign varieties, respectively. Let r be the price of S, w be the price of L, and pv
be the price of V. Cost functions for domestic and foreign intermediates are thus

CD(r, w, zd) ¼ cd(r, w)zd þ fd(r, w) (5)

CM(r, w, pv, zm) ¼ cm(r, w, pv)zmþ fm(r, w, pv): (6)

The trade balance condition requires that net exports of X and Y equal net
payments for foreign services. Let p*x and p*y denote the world prices of X and

762 J. Markusen, T.F. Rutherford, and D. Tarr

X ¼ S!x
x L"x

x Z(1"!x""x)
x : (2)

Later, in some illustrative simulations, we will assume that in direct S and L
requirements, X is skilled-labour intensive relative to Y, in the sense that !x/
"x > !y/"y.

Services are produced by imperfectly competitive firms. There is a one-to-
one correspondence between the firm and its differentiated service varieties.
There are both domestic and foreign firms producing services inputs. Zx is a
CES function of ZD and ZM, each of which is in turn a CES function of the
individual ZD and ZM varieties, zdi and zmj, respectively.

Zx ¼ (ZD# þ ZM#)1=#: (3)

ZD ¼
Xnd

i

zd$
i

" #1=$

ZM ¼
Xnm

i

zm2
j

" #1=2

, (4)

where nd and nm are the number of domestic and imported service varieties,
respectively. The elasticities of substitution within product groups are %d ¼ 1/
(1 " $) and %m ¼ 1/(1 " "). We require that $ and " are between 0 and 1,
which implies that the elasticities of substitution within product groups exceed
unity.

Domestic intermediate inputs ZD are produced using domestic skilled
labour and the composite factor. Imported services ZM are produced from
domestic skilled labour, the composite domestic factor, and a composite
imported factor. Examples of these imported inputs, which will be denoted
V, are specialized technical expertise, advanced technology, management
expertise, and marketing expertise.

The variable V is thus quite general and denotes a key difference between
foreign and domestic production structures.

zdi and zmi are produced with a fixed and a variable cost. Let CD and CM be
the cost function for producing individual domestic and foreign varieties. We
impose a symmetry assumption within firm types; that is, all foreign firms have
identical cost structures, and all domestic firms that operate have cost struc-
tures identical to other domestic firms. cd and cm represent unit variable cost
functions, and fd and fm represent the fixed costs functions for domestic and
foreign varieties, respectively. Let r be the price of S, w be the price of L, and pv
be the price of V. Cost functions for domestic and foreign intermediates are thus

CD(r, w, zd) ¼ cd(r, w)zd þ fd(r, w) (5)

CM(r, w, pv, zm) ¼ cm(r, w, pv)zmþ fm(r, w, pv): (6)

The trade balance condition requires that net exports of X and Y equal net
payments for foreign services. Let p*x and p*y denote the world prices of X and
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•  Large-­‐group	
  monopolis/c	
  compe//on.	
  
•  Dual	
  to	
  the	
  output	
  indices	
  	
  are	
  cost	
  func/ons.	
  Subs/tu/ng	
  the	
  symmetry	
  of	
  the	
  equilibrium	
  

into	
  the	
  cost	
  func/ons	
  for	
  a	
  unit	
  of	
  ZM	
  or	
  ZD	
  implies	
  that	
  CM	
  and	
  CD	
  can	
  be	
  wriden	
  as	
  	
  

•  where	
  Pzd	
  is	
  the	
  price	
  of	
  the	
  output	
  of	
  a	
  domes/c	
  firm	
  and	
  nd	
  and	
  nm	
  are	
  the	
  number	
  of	
  
domes/c	
  and	
  foreign	
  firms	
  	
  

•  Since	
  the	
  elas/ci/es	
  of	
  subs/tu/on	
  exceed	
  unity,	
  the	
  cost	
  of	
  obtaining	
  an	
  aggregate	
  unit	
  of	
  
foreign	
  or	
  domes/c	
  services	
  decreases	
  as	
  the	
  number	
  of	
  varie/es	
  increases	
  	
  

•  Addi/onal	
  varie/es	
  convey	
  an	
  externality	
  on	
  the	
  final	
  goods	
  sector	
  X	
  by	
  lowering	
  its	
  costs	
  of	
  
obtaining	
  a	
  unit	
  of	
  composite	
  services	
  	
  

•  Thus,	
  quality	
  adjusted	
  costs	
  decline	
  with	
  the	
  number	
  of	
  varie/es—the	
  Dixit-­‐S/glitz	
  love	
  of	
  
variety	
  effect.	
  

Dual to the output indices in equation (4) are cost functions. Substituting
the symmetry of the equilibrium into the cost functions for a unit of ZM or ZD
implies that CM and CD can be written as

CM ¼ Pzm

n!m"1
m

and CD ¼ Pzd

n!d"1
d

, (11)

where pzdi is the price of the output of a domestic firm and nd and nm are the
number of domestic and foreign firms, respectively. Since the elasticities of
substitution exceed unity, the cost of obtaining an aggregate unit of foreign or
domestic services decreases as the number of varieties increases. That is,
additional varieties convey an externality on the final goods sector X by low-
ering its costs of obtaining a unit of composite services. The elasticity of the
cost of a composite unit of foreign services with respect to the number of
foreign varieties is 1/(1 " !m). Thus, an additional foreign variety conveys a
smaller externality on the final goods sector the better foreign varieties sub-
stitute for each other. A similar argument applies for domestic varieties.

We make the ‘small-country assumption’ that prices to our country are
fixed. This means we assume, in addition to fixed prices of X and Y, that
there are a large number of potential foreign firms in production in the rest of
the world, so the domestic market has no ‘world’ effect on the number of
multinationals.

3. Modelling transitional dynamics

In this section we present an extension of the static model, above, which we
employ in the dynamic simulations. We assume that liberalization of FDI in
services is an unanticipated policy reform and the economy is initially on a
steady-state growth path with FDI prohibited. We calibrate the dynamic
model to precisely the same dataset employed to illustrate the static model.
The model assumes a growth in new vintage labour and a utility discount
factor consistent with a balanced baseline GDP growth rate of 2% per annum
and an interest rate of 5% per annum. We adopt the convention in variable
notation that uppercase letters represent stocks and lowercase letters represent
flows.

Savings and investment are determined implicitly by the consumption deci-
sions of a forward-looking representative agent who allocates wealth to max-
imize intertemporal welfare:

W ¼
X

t

!tUt(Xct , Yct ): (12)

In this dynamic model, we define Lt as the stock of unskilled labour in
period t (as opposed to a composite of primary factors other than skilled
labour). Consistent with a labour market in which workers enter the workforce

764 J. Markusen, T.F. Rutherford, and D. Tarr



Russian Federation  

16	
  



Pollutants 	
  
	
  Pollutant	
   Abbrevia4on	
   Environmental	
  impacts	
   Health	
  effects	
  

Par/culate	
  
mader	
  

PM	
   Soiling	
  and	
  damage	
  to	
  
materials,	
  smog	
  

Lung	
  cancer,	
  asthma,	
  
birth	
  defects	
  

Sulphur	
  
dioxide	
  

SO2	
   Acid	
  rain,	
  atmospheric	
  
par/culates	
  

Asthma/c,	
  altera/ons	
  in	
  
the	
  lungs	
  

Carbon	
  
monoxide	
  

CO	
   Leads	
  to	
  increased	
  
concentra/ons	
  of	
  methane	
  
and	
  tropospheric	
  ozone	
  

Headache,	
  nausea,	
  
dizziness,	
  	
  seizures	
  
	
  

Nitrogen	
  
oxide	
  

NOx	
   Acid	
  rain,	
  eutrophica/on	
  in	
  
coastal	
  waters	
  

difficulty	
  breathing,	
  fluid	
  
build-­‐up	
  in	
  the	
  lungs	
  

Hydrocarbons	
   CnHm	
   Smog,	
  leads	
  to	
  increased	
  
concentra/ons	
  of	
  
tropospheric	
  ozone	
  

Affects	
  the	
  central	
  
nervous	
  System	
  

Vola/le	
  organic	
  
components	
  

VOC	
   Damage	
  to	
  soil	
  and	
  
groundwater	
  

Damage	
  to	
  liver,	
  cancer,	
  
headaches	
  

Carbon	
  dioxide	
   CO2	
   Climate	
  change,	
  ocean	
  
acidifica/on	
  

High	
  concentra/on:	
  rapid	
  
heart	
  rade,	
  clumsiness	
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Emission accounting and abatement 

•  CO2:	
  
−  linked	
  in	
  fixed	
  propor/ons	
  to	
  the	
  use	
  of	
  fossil	
  fuels	
  
−  abatement	
  via	
  fuel	
  switching	
  or	
  energy	
  savings	
  

•  Non-­‐CO2	
  pollutants:	
  
−  linked	
  in	
  fixed	
  propor/ons	
  to	
  sectoral	
  output	
  
−  without	
  explicit	
  process-­‐related	
  abatement	
  op/ons	
  emission	
  
reduc/on	
  can	
  only	
  take	
  place	
  through	
  an	
  equivalent	
  decrease	
  
in	
  produc/on.	
  	
  

−  process-­‐level	
  abatement	
  op/ons	
  –	
  marginal	
  abatement	
  cost	
  
curves	
  (MAC)	
  –based	
  on	
  bodom-­‐up	
  engineering	
  data	
  (discrete	
  
step	
  func/on)	
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Data 
Economic	
  input-­‐output	
  data	
  (base	
  year:	
  2001)	
  
•  na/onal	
  IO	
  data	
  for	
  24	
  sectors	
  in	
  2001	
  (Rosstat))	
  
•  disaggregate	
  na/onal	
  account	
  to	
  include	
  6	
  explicit	
  sectors	
  for	
  transporta/on	
  

and	
  communica/on	
  
•  decomposi/on	
  into	
  provinces	
  according	
  to	
  regional/sectoral	
  value-­‐added	
  for	
  

88	
  regions	
  in	
  2001	
  (Rosstat)	
  with	
  bilateral	
  trade	
  data	
  (exports	
  by	
  region	
  to	
  
other	
  regions	
  and	
  world	
  market)	
  

Environmental	
  data	
  (base	
  year:	
  2006)	
  
•  SUSTRUS	
  database:	
  

–  produc/on	
  output	
  by	
  32	
  industries	
  in	
  7	
  federal	
  districts	
  
–  pollu/on	
  levels	
  for	
  32	
  industries	
  at	
  the	
  na/on-­‐wide	
  level	
  
–  pollu/on	
  levels	
  for	
  each	
  pollu/on	
  type	
  at	
  the	
  region	
  level	
  

•  Sector-­‐specific	
  non-­‐CO2	
  pollu/on	
  intensi/es	
  
•  Fuel-­‐specific	
  CO2	
  coefficients	
  
•  Non-­‐CO2	
  abatement	
  MAC	
  for	
  non-­‐CO2	
  pollutants	
  based	
  on	
  IIASA-­‐GAINS	
  

model	
  (scenario:	
  Na/onal	
  2010	
  baseline,	
  European	
  part	
  of	
  Russia)	
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Base-year data: emissions 

Pollutant	
   Emissions	
  

CO2	
  in	
  Mt	
   1441	
  

CO2	
  from	
  coal	
  (Mt)	
   315	
  

CO2	
  from	
  gas	
  (Mt)	
   761	
  

CO2	
  from	
  oil	
  (Mt)	
   364	
  

PM	
  in	
  kt	
   2973	
  

SO2	
  in	
  kt	
   5254	
  

CO	
  in	
  kt	
   5148	
  

NOx	
  in	
  kt	
   1679	
  

CnHm	
  in	
  kt	
   2724	
  

VOC	
  in	
  kt	
   1131	
  



CO2 emissions in Mt (Total: 1441 Mt) 
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Policy scenarios 
•  WTO:	
  	
  

•  (i)	
  barriers	
  to	
  foreign	
  direct	
  investment	
  are	
  eliminated	
  or	
  
reduced	
  (depending	
  on	
  the	
  sector);	
  	
  

•  (ii)	
  applied	
  tariffs	
  will	
  fall	
  according	
  to	
  the	
  commitments	
  of	
  the	
  
Russian	
  Federa/on	
  as	
  part	
  of	
  its	
  WTO	
  accession	
  agreement;	
  	
  

•  (iii)	
  beder	
  access	
  to	
  export	
  markets	
  (6	
  industries)	
  -­‐-­‐	
  will	
  lead	
  to	
  
improvement	
  in	
  their	
  export	
  prices	
  ranging	
  from	
  0.5	
  percent	
  to	
  
1.5	
  percent	
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Policy scenarios 
•  “Green”	
  policy	
  ini/a/ves	
  -­‐	
  CO2	
  emissions	
  reduc/on	
  by	
  twenty	
  

percent	
  	
  
•  (i)	
  market	
  based	
  “cap	
  and	
  trade”	
  regula/on:	
  	
  (imposes	
  20%	
  reduc/on	
  
in	
  CO2	
  emissions	
  through	
  a	
  system	
  of	
  tradable	
  emission	
  rights)	
  	
  

•  (ii)	
  uniform	
  emissions	
  intensity	
  standards:	
  all	
  sectors	
  and	
  regions	
  
except	
  for	
  fossil	
  fuels	
  sectors	
  (coal,	
  crude	
  oil	
  and	
  gas)	
  uniformly	
  reduce	
  
the	
  intensity	
  of	
  their	
  CO2	
  emissions	
  per	
  unit	
  of	
  the	
  value	
  of	
  output	
  
produced.	
  We	
  solve	
  for	
  the	
  uniform	
  reduc/on	
  in	
  the	
  intensity	
  of	
  CO2	
  
emissions	
  such	
  that	
  a	
  twenty	
  percent	
  reduc/on	
  in	
  CO2	
  emissions	
  is	
  
achieved	
  	
  

•  (iii)	
  uniform	
  energy	
  efficiency	
  standards:	
  in	
  all	
  regions,	
  all	
  sectors	
  
except	
  electricity	
  and	
  fossil	
  fuel	
  produc/on	
  (crude	
  oil,	
  coal	
  and	
  natural	
  
gas)	
  equi-­‐propor/onately	
  reduce	
  their	
  use	
  of	
  gas,	
  refined	
  oil	
  and	
  
electricity.	
  We	
  solve	
  for	
  the	
  uniform	
  reduc/on	
  in	
  the	
  use	
  of	
  energy	
  
inputs	
  such	
  that	
  a	
  twenty	
  percent	
  reduc/on	
  in	
  CO2	
  emissions	
  is	
  
achieved.	
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Table 2: Benchmark Distortions (ad-valorem in %)

Tariff rates Export Change in Effective barriers to FDI (%)
2011-pre WTO accession 2020-final commitments tax rates world market price Base Year Post-WTO Accession

Electric industry 0.0 0.0 0.0 0.0
Oil extraction 1.7 1 7.9 0.0
Oil processing 5.1 4.9 4.6 0.0
Gas 4.7 5 18.8 0.0
Coalmining 4.4 4.4 0.0 0.0
Ferrous metallurgy 8.6 5.9 0.4 1.5
Non-ferrous metallurgy 10 7.4 5.3 1.5
Chemical & oil-chemical industry 7.4 5.2 1.6 1.5
Mechanical engineering & metal-working 8.9 5.7 0.0 0.0
Timber & woodworking & pulp & paper industry 14.3 8.2 6.9 0.0
Construction materials industry 12.7 9.9 1.6 0.0
Textiles and Apparel 12.3 8.2 4.1 0.5
Food industry 18.2 13.6 3.1 0.5
Other industries 10.4 7.4 0.0 0.5
Agriculture & forestry 7.7 5.7 0.6 0.0
Other goods-producing sectors 14.2 10.7 0.0 0.5
Telecommunications 33.0 0.0
Science & science servicing (market) 33.0 0.0
Financial services 36.0 0.0
Railway transportation 33.0 0.0
Truck transportation 33.0 0.0
Pipelines transportation 33.0 0.0
Maritime transportation 95.0 80.0
Air transportation 90.0 75.0
Other transportation 33.0 0.0

Source: Shepotylo and Tarr [2013] for tariff rates; Kimura, Ando, and Fujii [2004] for barriers to FDI; Roskomstat for export tax rates; authors’ estimates for change in world market prices.
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WTO accession without environmental 
abatement policies will increase CO2 emissions 

and other pollution 
•  Welfare gain of 8.6% of consumption in aggregate 
•  WTO accession leads to an expansion of dirty industries 

(negative composition effect) 
–  chemicals,  
–  ferrous metals and  
–  non-ferrous metals 

•  It allows a reduction of energy intensity from increased 
productivity (positive technique effect) 

•  But the expansion of output dominates (negative scale 
effect)    



Results of IRTS central model 
Table 5: Simulation Results - Increasing Returns to Scale

WTO WTO Accession plus Carbon Reduction Policies Alone
Accession carbon emissions energy emissions energy

only emissions intensity intensity emissions intensity intensity
trading standards standards trading standards standards

Aggregate welfare
Welfare (EV as % of consumption) 8.6 7.2 6.4 0.6 -1.1 -1.7 -5.9
Welfare (EV as % of GDP) 4.0 3.3 3.0 0.3 -0.5 -0.8 -2.7

Carbon Dioxide Emissions and Decomposition
CO2 price (ruble per ton of CO2) 112.4 96.0
CO2 emissions, decomposed into: 4.3 -20.0 -19.2 -19.7 -20.0 -20.0 -19.8
Output effect (% of CO2) 4.9 3.6 2.7 -3.0 -1.0 -1.8 -6.1
Composition effect (% of CO2) 1.0 -3.6 -0.4 -6.5 -3.1 -1.0 -6.0
Technique effect (% of CO2) -1.6 -19.5 -20.3 -10.6 -16.3 -17.1 -8.2

Non-Carbon Dioxide Emissions
Sulphur Dioxide 6.2 5.9 7.1 -1.3 -0.1 1.0 -6.9
Nitrogen Oxide 2.8 -1.3 5.1 -16.4 -3.3 2.0 -16.1
Hydrocarbons 1.7 -3.6 -2.6 -6.4 -4.2 -3.6 -6.5
Particulate Matter 3.0 -0.6 4.3 -12.0 -2.9 1.1 -12.5
Volatile Organic Components 2.7 0.8 1.1 -5.8 -1.5 -1.4 -6.8
Carbon Monoxide 4.5 2.2 3.0 -1.2 -1.7 -1.2 -4.7

Aggregate trade
Regional terms of trade (% change) 2.9 2.8 2.2 0.9 -0.1 -0.6 -1.5
Regional exports (% change) 3.0 1.4 1.4 -6.2 -1.2 -1.3 -7.5
Real exchange rate (% change) 1.8 2.4 1.5 1.6 0.4 -0.3 -0.2
International exports (% change) 8.1 8.2 7.5 6.3 0.4 -0.4 -1.2

Return to primary factors (% change)
Unskilled labor 3.7 1.6 3.6 3.1 -1.7 0.0 0.0
Skilled labor 3.7 0.3 3.9 2.5 -2.6 0.3 -0.4
National capital 3.8 1.6 2.4 -0.8 -1.7 -1.1 -3.4
Regional mobile capital 5.8 3.6 4.9 1.5 -1.8 -0.7 -3.1
Crude oil resources 4.4 3.8 1.6 -3.3 -0.6 -2.4 -6.4
Natural gas resources 7.0 -33.4 -44.2 -33.1 -32.9 -42.7 -32.0
Coal resources 9.7 -9.2 -0.7 5.0 -13.6 -7.9 -3.2

Factor adjustments
Unskilled labor (% changing sectors) 2.0 2.1 2.1 2.9 0.9 0.7 2.2
Skilled labor (% changing sector) 2.6 2.9 2.8 3.5 1.5 1.1 2.7

Source: Authors’ estimates
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WTO accession and environmental  
regulation to reduce CO2 emissions by 20% 

•  With cap and trade, welfare gain is reduced to 7.2% of 
consumption (1.4% reduction). Technique effect dominates—
sign of composition effect switches as dirty industries contract 

•  With emissions reduction, welfare gain is reduced to 6.4% of 
consumption. Weaker composition effect since little incentive 
to switch production to cleaner sectors 

•  With energy efficiency standards, welfare gain is reduced to 
0.6% of consumption—very inefficient policy at CO2 
reduction. 

•  Why? No market based adjustments; but more importantly, the 
command and control policy does not target CO2 emissions.    



WTO	
  Simula/on	
  results:	
  regional	
  	
  
Table 3: Simulation Results (% change from base year unless indicated)

Overall
average Moscow St.Peters. Tumen Northwest North Central South Urals Siberia Far East

Aggregate welfare
Welfare (EV as % of consumption) 7.2 5.5 9.7 13.7 12.5 9.2 8.4 7.4 6.4 7.5 8.5
Welfare (EV as % of GDP) 3.3 3.0 4.4 2.9 5.8 3.8 3.9 3.5 2.9 3.5 3.8

Carbon Dioxide Emissions and Decomposition
CO2 price (ruble per ton of CO2) 0.0 112.4 112.4 112.4 112.4 112.4 112.4 112.4 112.4 112.4 112.4
CO2 emissions, decomposed into: -20.0 -19.0 -17.7 -22.0 -18.8 -18.1 -19.1 -17.8 -21.3 -20.8 -18.3
- Output effect (% of CO2) 3.6 3.5 5.9 2.3 6.0 5.2 4.0 4.0 2.5 3.8 5.3
- Composition effect (% of CO2) -3.6 -1.0 -0.7 -11.4 -2.7 -3.4 -1.3 -1.5 -3.0 -5.2 -2.9
- Technique effect (% of CO2) -19.5 -20.8 -21.6 -13.1 -20.9 -19.1 -21.1 -19.7 -20.7 -19.1 -19.8

Non-Carbon Dioxide Emissions
Sulphur Dioxide 5.9 1.6 11.7 -2.6 -8.6 7.4 -2.9 2.7 5.3 7.3 5.2
Nitrogen Oxide -1.3 -2.9 0.3 -1.4 1.3 -0.1 -1.9 -1.6 -1.7 0.0 -1.0
Hydrocarbons -3.6 -4.7 0.6 -0.5 1.2 -3.4 -2.0 -1.7 -2.8 -10.7 -16.7
Particulate Matter -0.6 -3.2 -0.4 -0.3 0.1 0.7 -2.1 -2.1 -1.2 1.0 -0.4
Volatile Organic Components 0.8 -1.6 2.2 0.9 17.6 1.4 9.2 1.9 -0.1 -1.5 3.3
Carbon Monoxide 2.2 9.5 6.0 0.7 -9.2 4.1 -3.4 2.3 1.8 5.2 3.1

Aggregate trade
Regional terms of trade (% change) 2.8 14.0 15.5 12.6 14.6 14.5 13.7 13.4 12.4 13.0 14.6
Regional exports (% change) 1.4 1.5 2.3 0.9 2.4 1.9 2.5 1.6 1.4 0.4 2.1
Real exchange rate (% change) 2.4 2.5 3.3 1.9 3.5 2.6 3.2 2.6 1.9 1.7 2.6
International exports (% change) 8.2 16.0 13.6 3.9 12.7 9.0 10.0 9.6 8.9 7.2 13.1

Return to primary factors (% change)
Unskilled labor 1.6 2.2 4.4 1.0 4.8 2.7 2.2 2.3 0.0 1.0 3.2
Skilled labor 0.3 0.7 3.7 -1.2 3.2 1.3 1.6 1.5 -0.4 -1.8 1.7
National capital 1.6 1.7 2.5 1.1 2.7 1.8 2.4 1.8 1.1 0.9 1.8
Regional mobile capital 3.6 3.4 6.3 4.2 5.8 5.2 3.4 3.7 2.4 3.7 5.7
Crude oil resources 3.8 0.0 0.0 3.6 5.8 5.3 0.0 5.5 3.4 2.9 5.3
Natural gas resources -33.4 0.0 0.0 -34.1 -28.4 -30.6 0.0 -23.9 -26.3 -34.1 -33.6
Coal resources -9.2 0.0 0.0 0.0 0.0 -6.5 -4.7 -6.2 -9.9 -10.0 -7.0
Specific capital in domestic firms 0.0 -29.9 -21.5 -48.5 -21.9 -25.5 -17.4 -25.0 -18.2 -18.8 -27.1
Specific capital in multinational firms 0.0 59.3 48.4 217.4 77.4 139.6 113.4 125.9 139.0 159.2 113.6

Factor adjustments
Unskilled labor (% changing sectors) 2.1 1.8 2.1 2.5 2.8 2.3 1.8 1.4 2.4 2.6 3.2
Skilled labor (% changing sector) 2.9 2.4 2.6 3.1 3.3 3.4 2.3 1.9 2.7 4.4 4.4

Source: Authors’ estimates
Key: Moscow (MSK, MOS)

Saint-Petersburg (LEN, SPB)
Tumenskaya (TUM, KHA, YAM)
Northwest (VOL, KLG, NOV, PSK)
North (KPA, NEN, KRL, KOM, ARH, MUR)
Central (BEL, BRY, VLA, VOR, IVA, KAL, KOS, KRS, LIP, ORL, RYA, SMO, TAM, TVE, TUL, YAR)
South (SAR, ADY, DAG, ING, KAB, KLR, KAR, SEV, KDK, STA, AST, VLG, ROS)
Urals (MAR, MOR, TAT, UDM, CHV, KIR, NIZ, PEN, ULO, ORE, SAM, BAS, PER, KRG, SVE, CHL)
Siberia (ALR, BUR, TYV, HAK, ALT, IRK, KEM, NVS, TOM, OMS, EVE, TAI, UST, KRA, SAH, KAM, MAG, KOR, CHU)
Far East (AGI, CHI, HAB, AMU, SAO, PRI, EAO)
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Perfect competition model estimates less 
emissions from WTO accession alone  

and less welfare gain 
•  In WTO scenario alone, CO2 emissions increase by 4.3% 

with our central IRTS model, but only 1.0% with the 
CRTS model 

•  But the IRTS model estimates larger welfare gains 
•  Policies that produce a cleaner environment combined 

along with our trade and foreign direct investment 
liberalization (WTO accession) yield larger estimated net 
gains in our imperfect competition model.  

 



CRTS	
  simula/on	
  results:	
  emissions	
  
Table 4: Simulation Results - Constant Returns to Scale

WTO WTO Accession plus Carbon Reduction Policies Alone
Accession carbon emissions energy emissions energy

only emissions intensity intensity emissions intensity intensity
trading standards standards trading standards standards

Aggregate welfare
Welfare (EV as % of consumption) 1.1 0.7 0.0 -3.5 -0.4 -1.0 -4.1
Welfare (EV as % of GDP) 0.5 0.3 0.0 -1.6 -0.2 -0.4 -1.9

Carbon Dioxide Emissions and Decomposition
CO2 price (ruble per ton of CO2) 107.8 103.4
CO2 emissions, decomposed into: 1.0 -20.0 -20.4 -20.2 -20.0 -19.9 -19.9
Output effect (% of CO2) 1.1 0.4 -0.4 -4.7 -0.7 -1.4 -5.3
Composition effect (% of CO2) 0.4 -2.4 -0.9 -6.2 -2.5 -1.2 -6.1
Technique effect (% of CO2) -0.4 -18.0 -18.6 -9.7 -17.2 -17.3 -8.8

Non-Carbon Dioxide Emissions
Sulphur Dioxide 4.6 4.5 5.2 -4.7 -0.4 0.6 -8.9
Nitrogen Oxide 0.9 -2.1 3.1 -16.5 -2.9 2.1 -16.4
Hydrocarbons 0.1 -4.5 -3.8 -7.1 -4.3 -3.6 -6.7
Particulate Matter 1.1 -1.4 2.4 -12.5 -2.5 1.2 -12.9
Volatile Organic Components 0.1 -1.1 -1.0 -6.7 -1.1 -1.1 -6.4
Carbon Monoxide 1.9 0.5 0.6 -3.6 -1.4 -1.2 -5.2

Aggregate trade
Regional terms of trade (% change) 1.0 1.1 0.7 0.1 0.1 -0.3 -0.8
Regional exports (% change) 0.2 -0.9 -1.0 -7.7 -1.1 -1.1 -7.4
Real exchange rate (% change) 0.2 0.7 0.0 0.4 0.4 -0.2 0.2
International exports (% change) 2.1 2.0 1.7 -0.1 -0.1 -0.4 -2.0

Return to primary factors (% change)
Unskilled labor 1.2 -0.3 1.7 2.7 -1.5 0.5 1.5
Skilled labor 1.6 -0.9 2.4 2.5 -2.4 0.8 0.9
National capital 1.4 -0.1 0.7 -1.2 -1.5 -0.7 -2.4
Regional mobile capital 1.9 0.2 1.6 -0.3 -1.6 -0.2 -1.9
Crude oil resources 0.2 -0.1 -1.6 -5.8 -0.3 -1.7 -5.7
Natural gas resources 0.4 -35.4 -45.9 -35.2 -33.8 -43.0 -32.8
Coal resources 0.6 -12.2 -7.6 -0.5 -12.2 -7.3 -0.9

Factor adjustments
Unskilled labor (% changing sectors) 0.8 0.9 1.2 2.5 0.7 0.7 2.3
Skilled labor (% changing sector) 0.9 1.4 1.5 3.0 1.3 1.0 2.7

Source: Authors’ estimates
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Even the sign of the estimated impact 
changes with perfect competition 

•  WTO	
  accession	
  combined	
  with	
  environmental	
  regula/on	
  
results	
  in	
  net	
  gains	
  with	
  all	
  3	
  policies	
  in	
  our	
  IRTS	
  model	
  

•  But	
  there	
  are	
  net	
  gains	
  only	
  with	
  cap	
  and	
  trade	
  
regula/on	
  with	
  the	
  CRTS	
  model	
  

 



Simula/on	
  results:	
  welfare	
  

carbon 
emission 
trading

emission 
intensity 

standards

energy 
intensity 

standards

carbon 
emission 
trading

emission 
intensity 

standards

energy 
intensity 

standards

Welfare (EV as % of 
consumption) 1,1 0,7 0 -3,5 -0,4 -1 -4,1

Welfare (EV as % of 
GDP) 0,5 0,3 0 -1,6 -0,2 -0,4 -1,9

Welfare (EV as % of 
consumption) 8,6 7,2 6,4 0,6 -1,1 -1,7 -5,9

Welfare (EV as % of 
GDP) 4 3,3 3 0,3 -0,5 -0,8 -2,7

WTO 
accession 

only

WTO accession + Carbon reduciton policies alone

CRTS

IRTS



Conclusions 

•  Crucial	
  to	
  choose	
  efficient	
  environmental	
  regula/on	
  to	
  avoid	
  
poli/cal	
  backlash	
  that	
  could	
  reverse	
  green	
  environmental	
  
policies	
  

•  Market	
  based	
  policies	
  are	
  most	
  efficient—cap	
  and	
  trade	
  or	
  
common	
  tax	
  rate	
  for	
  all	
  emissions	
  	
  	
  

•  If	
  foreign	
  direct	
  investment	
  or	
  imperfect	
  compe//on	
  issues	
  
are	
  present,	
  ignoring	
  them	
  and	
  their	
  endogenous	
  produc/vity	
  
effects	
  risks	
  geVng	
  the	
  sign	
  of	
  the	
  impact	
  wrong.	
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Outlook 

•  Update	
  to	
  2011	
  IO	
  and	
  emissions	
  data	
  
	
  
•  Role	
  of	
  ini/al	
  tax	
  distor/ons:	
  export	
  taxes	
  

•  Op/onal	
  cross-­‐comparison	
  with	
  GTAP9-­‐based	
  model	
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