Skilled-Unskilled Wage Inequality: Economic
Theory and Policy

PRIYA BRATA DUTTA

A DISSERTATION SUBMITTED TO THE INDIAN STATISTICAL INSTITUTE IN PARTIAL
FULFILMENT OF THE REQUIREMENT FOR THE AWARD OF THE DEGREE OF
DOCTOR OF PHILOSOPHY

INDIAN STATISTICAL INSTITUTE
KOLKATA
AUGUST 2013



Dedicated to my Sir
Professor Manash Ranjan Gupta



ACKNOWLEDGEMENTS

This thesis is the final output of my research work done at Economics Research
Unit(ERU), Indian Statistical Institute, Kolkata for the last five years. | utilize this space to
express my deepest gratitude to all of those who have been the source of my support and
inspiration during this period.

| am greatly indebted to my supervisor Professor Manash Ranjan Gupta for his advice,
suggestion and inspiration in various stages of my research. Without his intellectual guidance,
this research work truly would not have been completed. | express my gratitude to Professor
Sarbajit Chaudhuri of University of Calcutta for various kinds of suggestion and critical remarks
on my research work. Thanks are also due to the esteemed faculty members of ERU like
Professor Satya Ranjan Chakrabarty, Professor Abhirup Sarkar, Professor Amita Majumder,
Professor Tarun Kabiraj, Professor Manipuspak Mitra, Professor Nityananda Sarkar, Professor
Indraneel Dasgupta, Dr. Brati Sankar Chakraborty for their invaluable suggestions.

I am thankful to the participants of different seminars held at Indian Statistical Institute,
Jadavpur University, Rabindrabharati University and Delhi School of Economics where papers
based on different chapters of this thesis were presented. Their comments have enriched these
chapters.

| am also thankful to editors and anonymous referees of various international journals
like Economic Modelling, Research in Economics and Journal of International Trade & Economic
Development. Their comments and constructive criticism have helped me to revise and publish
the submitted papers which are drawn from Chapter 2, Chapter 3 and Chapter 5 of this thesis.

I must thank to my colleagues and friends at ERU like Rajit, Debasish Da, Trishita Di,
Conan Da, Sattwik Da, Somanath Da, Srikanta Da, Sandip, Kushal, Gopa, Debasmita, Mannu,
Chandril, Parikshit, Debojyoti, Mahamitra, Tanmoy and Arindam. They together have created
the right environment of research in the tea-clubs and computer lab.

| thank all staff members of ERU office specially, Swarup Da, Alok da, Chandana di and

Chunu da for various kinds of help during the period of this work.



Finally my gratitude goes to my parents, sister, Brother-in-law (Bibek Bose) and nephew
(Biswarup) whose inspiration and sacrifice are the most important sources of success to submit
this thesis.

Priya Brata Dutta,
August,
2013.



Table of Contents

Chapter 1
Introduction and Literature SUIVeY .......cccccceiiiiieuiiiiiiiniiiiiineiiiemiiesessss. 1
1.1 Globalization and Skilled-unskilled wage inequality .........ccccciiieieciiie e 1
1.2 Survey of the Existing Theoretical LIiteratUure ........cueeeicciiee e ettt e e eare e e e 4
0 R - | ol 1Y/ o o 1= K OO PPOPPPPRRP 4
1.2.1.1 Competitive EQUIlIbrium ModelS.......ccuvrriieeiiee e 4
1.2.1.1.1 Models of small 0pen eCONOMIES........ccuviiieieiiiiicciereee e e 4
1.2.1.1.1.1  Full employment MOdelS.......ccuueiieeieeieiiiiiieeee e 5
1.2.1.1.1.2 Models with unemployment.......cccccoeeeciiiiiieeiie e, 10
1.2.1.1.2  North-South Models .........coooviiiiiiiiiiiie e 12
1.2.1.2 Product variety MOdelS..........uuieeieiiiiicieeeee et 14
1.2.1.3 Models with oligopolistic Markets.........ccccceeeeiiecciiiie e, 16
0 2 0 A 1Y oY o] =T I 1V, o Yo 1] £ 17
1.2.2 DYNAMIC MOAEIS .eveeeeieeiee ettt et e e e e e e e et e e e e e s e e s naraneeaeeeeeenans 17
1.3 EXIStING rESEAICH aAPS cuuviiiiiiciiiie ettt ettt ee ettt e et e e ettt e e e st e e e e s eateeeesaataeeesassaeeeensaeeeennsaeeeensseeeann 25
1.4 Asummary of the present thesis ... e e 27
Chapter 2
Static competitive general equilibrium model.........c.crverriieiiiiiiiricrecrre e eeanes 32
P28 R 14 o Yo [¥ ot i o [P PP PP TPPPIN 32
2.2 The BaSiC IMOGEI....c.uiiiieieeiieeee ettt ettt sttt et b e sbe e san e er e neesreesaeesene e 33
B R b 1 1Yol a1 4 o o EP Ut 33
2.2.2 Changes in factor ENAOWMENTS.........cciiiiiiiiiiiiie e e e s raae e e e b e e s e ebe e e esaraeeeas 36
2.2.2.1 Effects on Wage iNEQUATITY ......oooeiiiiiieeiiee ettt et e e et e e e eara e e e eanes 40
2.2.2.2 Effects on total factor iNCOME ....c..ueiiiei i e rree e s enes 47
2.2.3 Effects of changes in product PriCeS ......uuiiiiiiiiii ettt ettt are e 49
2.2.3.1 Effects on Wage in@QUALITY ......coeiiuiiiiiciiee ettt e s et 52
2.2.3.2 Effects on total factor iNCOME ....ouuiiiiiiiiiiieieee ettt st 55



2.3 The Model with endogenous supply of skilled [abour...........ccooveiiiiiiiice e 56

B2 T8 N D 1T ol 4] o) { [ o FPU OO TSP PP PP PPPTPPPPPPRRE 56
2.3.2 Changes in factor ENAOWMENTS.........ccoiiiiiiieiiiee ettt e e etae e e s b e e e e baaeeeeanreeeean 59
2.3.2.1 Effects on Wage iNnEQUALITY .....cooeecuiiiiieiiee ettt e e et e e e 63
2.3.2.2 Effects on skill formation and total factor inCOMe .........ccoeeeriiriiniiniieeeee, 67
2.3.2.2.1  Supply of SKilled LabOUT.......coiiiiiiiee ettt e e e svee e e 67
2.3.2.2.2  Total FACtOr INCOME ...iiiiiiiiiieiie ettt ettt ettt et s sate e s b e sne e e sabee e 70

2.3.3 Changes in prices of traded OO0US ......cccuiiiiiiiiiiieiiie e 71
2.3.3.1 Effects on Wage iNEQUALITY .....cooovcuiiiiieciiie ettt et e e e s e e e 75
2.3.3.2 Effects on skill formation and total factor income .........cocceeviiriiniinniiieeen 77
2.3.3.2.1  Supply of SKilled LabOUT........ccieiiieieeeie ettt e et 77
2.3.3.2.2  Total FACtOr INCOME ...ciiiiiiiiiieeiee ettt ettt ettt st e e st e st esneeesabeeenes 79

2.4 The Model With UnemploymMENt ........ooiiiiiiice e e e e ee e s e sabeeas 80
D 3 R B 1= 1Yol o T o] 1 o o Nt 82
2.4.2 Changes in factor EBNAOWMENTS.........ccocciiiiieiiiee ettt erte et e e e eaae e e eeabe e e s baeeeeenreeeeas 84
2.4.2.1 Effects on UnemploymMENT rate .......ccoeciiiiiiciiee ettt e e etre e e e eeate e e e snraeeeeanes 85
2.4.2.2 Effects on skilled-unskilled relative Wage .......cccoecveeiiiciiiiicciiee e 86
2.4.2.3 Effects on skilled-unskilled average incCome ratio ........ccccceeecieeeiiciieeicciiee e ccieee e 87
2.4.2.4 Effects on Gini COEFFICIENT .eouiiiiiiiieiee e 90
2.4.3 Effects of changes in prices of traded 00dS ........ccueieeiiiiii e 93
2.4.3.1 Effects on UnemploymMeENT rate ........ccciiciiiiiieiiiee ettt e e e et e e e eareeeeeanes 93
2.4.3.2 Effects on skilled-unskilled relative Wage ..........cccuveeieciiiecccieee et 94
2.4.3.3 Effects on skilled-unskilled average income ratio ........ccccceevcveeeiicieeeisciiee e ecieee e 94
2.4.3.4 Effects on Gini COEFFICIENT .eouiiiiiiiieiee e 96

2.5 LIMITAtIONS. .o e 97
APPENAIX (2.A) ettt ettt e e e e e e e s e st bbb e et e e e e e s e b b aaaaeeeesenaabraaaaaaeeeeeanrrrrees 99
APPENIX (2.B) 1rreeeiieiieiiiiitietiee ettt eeeesesstbreeeeeeeseessesasraereeeeessessasbsaraaeaeeeeseassrrraneaeeessennnns 100
FAY oY oT=T o Vo 1 a1 ) RSSO PRP 101
APPENIX (2.D) eeeeeiieiieiitieeee ettt ee e e e e e e e e e s e bbb a e et e e e e e sea i rbraraaeaeeeeeeaarrranaaeaeeeenanns 103
APPENAIX (2.E) ittt e et e e et e e e e et it e e e e b e e e e e aae e e e eanaeeeeaanaaaaeeannees 105
APPENIX (2.F) weeeieieeiieiiciteeeee ettt e et e e e e e e e ee s e bbaaereeeeeesesasbbaraaeaeeeeeaanrrranaaeaeeeeannns 106

Vi



APPENIX (2.G) eeveeieeiiiiiiirieeie ettt eete s e e e e e ee s s bbb e reeeeeeses s rbbarareaeeeeeanabtranaaeeeseeaanns 107

A o] oX=T o 13 G 7N = RS 111
7Y oY o<1 o Vo 3 2 SRS 113
Chapter 3
A static general equilibrium product variety model..........ccccoiveiiiiiiiiniiiniiinn 117
3.1 INTrOAUCTION .ttt et e st e s sab e st e e s enneeseareesnreeeas 117
3.2 The BasSiC MOTE] ..ottt et sttt s e s ar e snreeeas 118
0 R D T<T ol o o 11 [ o H PP 118
3.2.2 Comparative STatiCS ..ccciiiiiiiiiiiiiiieieieieceeeeeeeeeee e e e e e e e e e e e e e e e e e e e e e e e eee s 124
3.2.2.1 Change in factor ENdOWMENTS.......uiiiiiiiiiieiecieee e saaee e 124
3.2.2.2 Change in fisCal POIICIES ..cccuvieeeeeiiie et e aaae e 129
3.3 The Model with UnemploymMENt .......ccooiiiiiiiiiiie e e 133
G 20t R D T<T{ol o o 11 [ o H PP 134
3.3.2 Change in factor ENdOWMENTS........ciiiiiiiieecee e e 138
3.3.2.1 Skilled-unskilled relative Wage.........coeuuieeiiiieiieciieee e saee e 140
3.3.2.2 Skilled-unskilled average inCoOmMe ratio......ccccceeeeeeeieciirreeeeeeee e 142
3.3.2.3 Gini Coefficient of wage income distribution .........ccccoveeeeeeiiiiiiiiiiieeeee e, 144
3.4 LIMITAtiONS c.cviiiiiiiiii i 145
APPENAIX (3.A) 1eiitiiee ettt e e e e eet e e e ettt e e e e e baeeeeeattaeeeeaabeeeeeaaraeeeeaabaeeeeaanraeeeeanreeaeanns 147
FAN oY=l aTo 1) 1 TN = ) TR 148
PN oY= aTo 1) (- X 4 TR 149
FAY oY1= o Yo 1D a1 71 0 ) USRS 150
FA oY 1= o Yo 1D 1 71 =) USRS 150
Chapter 4
A dynamic model with international trade and international knowledge spillover .............. 153
R ) o Yo [V o1 o 1o PP PSPPSR 153
B.2 The MOEI ... e e e 154

Vii



By 2 R o1 F=1 =0 Yo Lo [P RUR PP PRRPRRRN 155

B0 2 1 1 4= 4 1=To L= Y I =0 Lo o [PPSR 157
4.2.3 R&ED SECLON .ottt 159
4.2.4 ConsumMers eqUIlIDIIUM ......uuriiiiei e e e e e e e e e e 161
4.3 Balanced growth equilibrium........c...oviiiiiirii e 161
4.3.1 Wage inequality under autarky .......cccuveeeeeiii oo 162
4.3.2 Wage inequality Under trade ... 165
4.4 LIMIEATIONS.c.eiiiiiiiiiii e s 169
APPENAIX (B.A) oottt ettt e st e e e st e e s et e e e e — e e e e e b—ee et e teeeeeabaeeeeenraeeeeenarreeeanns 170
FAN o] o 1T a T 1) U 2 ) PSPPSR 170
A oY 1= o Yo D U 5 ) USRS 171
FAN o] o T=Ta T 13 a3 0 ) PSPPSR 171
FAN o] o T=Ta T 13 U B = PRSP 172
Chapter 5
The role of Imitation in a dynamic product variety model .........ccceeereeerrencireecrienncrrennerennens 174
5.1 INEFOTUCTION .ttt st e s nr e snreeeas 174
5.2 The BaSiC MOE] ....cccuiiiiiiiieiiieeeee e s s s 177
oI 0 R D T=Tol o o} [ o 177
5.2.2 Working of the MOl .....ccconeeeeeeee e e e 181
5.2.2.1 Rate Of GroWth e e 181
5.2.2.2 The stability of steady-state equilibrium........cccccooreiiiiiiii e, 182
5.2.2.3 Wage iNeqUAlILY ...ccceeiieieee et e e e e 183
5.2.2.4 INTEreSt rate .o e 185
5.2.2.5 Effect 0N Welfare ..o s 186
5.3 The Model with endogenous imitation rate........ccccciiiiieiii e 186
TS 0t B B 1= Yol o o} ] o 188
5.3.2 Working of the MOl ......cconeeeeeeeeee e 190
5.3.2.1 Rate Of BrOWLh oo e 190



5.3.2.2 Rate Of IMItatiON cioiveeeeeeeeeeeeeeeteeeee ettt s e et ettt eat e s e eeeeseessnanssseeesssensnnnnns 191

5.3.2.3 The stability of steady-state equilibrium ..........ccccvieiiiiiiiiiec e, 192
5.3.2.4 INTErest rate ...cocciiiiiiiiiiiiiiii e 192
5.3.2.5 Wage ineqUAlItY ..ccccueiieieee e 193
5.3.2.6 Effect 0N Welfare ........ooueiiieeieeeee e 195

5.4 LIMITatiONS...ciiiiiiiiiiiiiiiiei e 196
FAY oY X< a o 13 £ 20 A USRS 197
A oY 1= oY 1D (= ) USSP 197
A oY 1= o Yo 1D 1= 7 ) PRSP 198
APPENAIX (5.D) teeieiiiieeeiiie et e e st e e e et e e e e e nbaeeeeenraeeeeenarreeeans 199
A oY 1= o Yo 1D (= 0 =) ISR RS 200
APPENAIX (5.F) 1eeiiiiiieeeiee e e e s e e et e e e e abae e e e enreaeeeenarreeeens 202
A oY 1= o Yo 1D (= 7N C ) IR PSPPSR 204
APPENAIX (5.H) oo e e e et e e e ba et e e enbreeeeeareeeeens 205
FAY oY 1= o Yo 1D (= 0 | USRS 206
FAY o] o T=Ta T 13 q £ T8 PSPPSR 206
FA oY 1= o Yo 1D £ 0 O PR 207
FA oY 1= o Yo 1D 1= 70 ) USRS 207
PN oY=l aTo 1) (ST Y/ PRSP 208
FAY oY1= o Yo 1D a (=0 V) IR SPRPRS 209
PN oY=l aTo 1) (3@ ) IR PRSP 209

Chapter 6

000 T ol YT T o 211
6.1 Major findings of the present thesis........cceeeeiiiiieiici e 211
T SV U] -l o1 - o PSRRI 214
BIBLIOGRAPHY ...ttt e e e e e s et e e e e e e e s e an s reneeeeeeeessnnnrnees 216



Chapter 1

Introduction and Literature Survey

1.1 Globalization and Skilled-unskilled wage inequality

Globalization is the process of integration various economies of the world without
creating any hindrances in the free flow of goods and services, technology, capital and even
labour of human capital. The term, globalization has, therefore, following parameters: (i)
Reduction of trade barriers to permit free flow of goods and services among nation-states; (ii)
Creation of environment in which free flow of capital can take place among nation states; (iii)
Creation of environment, permitting free flow of technology; and (iv) Last, but not least, from
the point of view of developing countries, creation of environment in which free movement of
labour can take place in different countries of the world.

Thus, basically globalization signifies a process of internationalization plus liberalization.
Since the formation of the World Trade Organization (WTO), there have been revolutionary
changes in liberalizing international trade across countries whether developed or developing.
Liberalization of trade involves removal of quantitative restrictions as well as reduction in tariffs
on trade and also some other measures to facilitate trade and input flows across the world as
they would help to integrate domestic market with the world market.

According to the traditional theory, globalization leads to an improvement in welfare
both from the aggregative and distributive perspectives. If globalization improves welfare from
distributive perspective, then it should improve skilled-unskilled wage inequality. Here, skilled-
unskilled wage inequality means, wage inequality between two different groups of people; one
who have skill and one who don’t have skill. Developed and less developed countries, who
generally play opposite roles on international factor movements and face opposite type of

changes in the relative price structure of traded goods due to trade liberalisation, should face



opposite movements in the degree of skilled-unskilled wage inequality. This is the outcome of
Stolper Samuelson theorem in a Heckscher-Ohlin-Samuelson (HOS) set up.

However, empirical works fail to point out this asymmetric movement of skilled-
unskilled wage inequality and find a symmetric rise in skilled-unskilled wage income inequality
all most in every part of the world except for East Asian countries. There exists a vast empirical
literature pointing out that income inequality has grown in various countries in the form of a
decline in income and employment of unskilled labourers compared to those of skilled
labourers. This growing income inequality has been observed in U.S.A. during 1960s’ and in
European countries between 1978 and 1988°. We find similar observations in many developing
countries too. Wage inequality has gone up in many Latin American and South Asian countries
in the mid 1980s®. However, the experience of East Asian countries between 1960s and 1970s
advocates the conventional theory that a greater openness to the rest of the world leads to a
decrease in the skilled-unskilled wage gap®. Different empirical studies provide different

explanations for this growing income inequality. Trade liberalization and technological

! See, for example, Bound and Johnson (1992), Juhn et. al. (1993), Autor et. al. (1998) Leamer (2000), Bils and
Klenow (2000), Paul and Siegel (2001), Acemoglu (2002b) etc. Accoding to Lee and Wolpin (2010) wage
differentials by education increased during the period 1968-2000. Acemoglu (2002b) makes an empirical analysis
with the U.S. data of college premium and supply of college skills for 1964 to 1997. Here, college premium, i.e,
average wage rate of the college graduates or more relative to that of high school passed students, represents the
skilled-unskilled relative wage and the supply of college graduates represents the supply of skilled labour. Panel
data is collected for different age groups with their corresponding wages. The behavior of skilled-unskilled wage
inequality in the United States indicates that the technical change was skill biased during the survey period.

2 See, for example, Lawrence (1994), Katz et. al. (1992), Winchester and Greenaway (2007) etc. According to
Winchester and Greenaway (2007) when technology is skilled labour biased, there is increase in UK wage
inequality over the 1980-1997 period due to changes in factor endowments.

* See, for example, Mollick (2009), Wood (1997), Dev (2000), Borjas and Ramey (1993), Banga (2005), Beyer et. al.
(1999) etc. According to Mollick (2009), wage differentials by skilled labour actually increased in Mexico during the
period 1990-2006.

* See, for example, Wood (1997). According to Wood (1997), this conflict of evidence is probably not the result of
differences between East Asia and Latin America. Instead, the conflict is probably the result of differences between
the 1960s and the 1980s, specifically, the entry of China into the world market and, perhaps, the advent of new

technology biased against unskilled workers.



development are the main two controversial reasons of this phenomenon. According to Wood
(1998), Beyer et. al. (1999), Green et. al. (2001), Behrman et. al. (2000), Isgut (2001) etc. trade
liberalization causes wage inequality; but Wood (1997, 1998), Dev (2000) and Gorg and Strobl
(2002) show that technological change increases demand for skilled labour and thus worsens
wage inequality. Esquivel and Lopez (2003) shows that technological change worsens but trade
liberalization improves wage inequality in Mexico. Many other empirical studies show other
causes of this increasing inequality. These are international outsourcing®, increase in the
relative price of skill intensive goodG, entry of overpopulated less developed countries like
Bangladesh, China, India, Indonesia, and Pakistan in the international market’ etc.

The previous two paragraphs focus on worldwide increase in wage inequality which
mainly started during sixties and continued till nineties. However, many recent empirical works
confirm the existence of this rising trend of wage inequality even in the last decade of the
twentieth century. Ho et. al. (2005) shows that wage inequality has increased in Hong Kong
during the period of 1991-2002. Reenen (2011) shows that wage inequality has increased in the
US and UK during the period, 1990-2008. Meschi et. al. (2011), using firm-level data, shows that
wage inequality has increased during the period, 1980-2001, in the Turkish Manufacturing
sector. Villrreal and Sakamoto (2011) shows that foreign investment and export promotions
have caused increases in wage inequality in Mexico during 1992-2001. Popli (2010) also shows
rise in skilled unskilled wage inequality in Mexico during 1984-2002 as a result of rapid trade
liberalization. Mehta and Hasan (2012) shows that wage inequality has increased in India
between 1993 and 2004. Han et. al. (2012) shows evidences of increases in wage inequality in

China from 1988 to 2008.

> See Feenstra and Hanson (1997) in this context.
® See Harrison and Hanson (1999), Hanson and Harrison (1999) and Beyer et. al. (1999) in this context.

7 See Wood (1997) in this context.



1.2 Survey of the Existing Theoretical Literature

Many theoretical models deal with the problem of growing wage inequality. We can
divide the existing theoretical literature into two groups. One group of models is static in nature
and the other group consists of dynamic models. Also static models can be divided into two
parts. One set of models are built on competitive general equilibrium framework while the
other set of models have a product variety structure with monopolistic competition in markets
of different varieties. All these models consider two types of labour-skilled and unskilled; and
consider the ratio of wage rate of the skilled worker to that of the unskilled worker as the

measure of wage inequality.

1.2.1 Static Models

1.2.1.1 Competitive Equilibrium Models

These types of models are basically static models with competitive equilibrium in all
product markets and factor markets; and these models analyse the effect of exogenous
changes in different globalization related parameters like inflow and outflow of different factors
and/or changes in prices of different commodities on the degree of skilled-unskilled wage
inequality. We shall now briefly summarize main features of some of important static
competitive general equilibrium models in this section. These models can be divided into two

groups-models of small open economies and North-South models.

1.2.1.1.1Models of small open economies

A small open economy is a price taker in the international market. These models as

available in the existing literature can be further classified into two groups: Full employment

models and models with unemployment.



1.2.1.1.1.1Full employment models

In full employment models, all the factors are fully employed and this full employment is
ensured by perfect flexibility of factor prices. This group of models include the works of
Yabuuchi and Chaudhuri (2007), Chaudhuri and Yabuuchi (2007), Marjit and Kar (2005), Marjit
et. al. (2004), Chaudhuri and Yabuuchi (2008), Kar and Beladi (2004), Yabuuchi and Chaudhuri
(2009), Oladi and Beladi (2009), Zhu and Trefler (2005), Xu (2003), Glazer and Ranjan (2003),
Deardorff and Staiger (1988), Panagariya (2000), Meckl and Zink (2002), Chao, Laffargue and
Sgro (2010, 2012) etc.

Yabuuchi and Chaudhuri (2007) develops a static three sector full employment general
equilibrium model of a small open economy with four factors: skilled labour, unskilled labour,
capital and land. Skilled labour and land are specific to high skill manufacturing sector and
primary agricultural sector, respectively. Capital is mobile between the high skill manufacturing
sector and the low skill manufacturing sector; and unskilled labour is mobile between the
primary agricultural sector and the low skill manufacturing sector. There is a distortion in the
unskilled labour market because unskilled labourers earn higher unionized wage in the low skill
manufacturing sector; and this unionized wage rate varies positively with the wage rate of the
unskilled labour in the primary agricultural sector and with the bargaining strength of the
labour union. Yabuuchi and Chaudhuri (2007) analyses the effect of international migration of
either type of labour on the skilled-unskilled wage ratio; and the nature of this effect depends
on the capital intensity rankings between the high skill manufacturing sector and the low skill
manufacturing sector and on the institutional features of the unskilled labour market.

Chaudhuri and Yabuuchi (2007) adopts the structure of Yabuuchi and Chaudhuri (2007)
and analyzes the effect of a reduction in tariff on the import of low skilled manufacturing
product and the effect of foreign capital inflow on the skilled-unskilled wage ratio. Reduction in
import tariff on low skill manufacturing sector products worsens the skilled-unskilled wage
inequality problem. However, given some restrictions on the capital intensity ranking between
the low skill manufacturing sector and the high skill manufacturing sector, wage inequality

problem is improved by the inflow of foreign capital.



Marjit and Kar (2005) develops a static two sector three factor full employment general
equilibrium model of a small open economy in which capital is intersectorally mobile but skilled
labour and unskilled labour are specific to two sectors. This paper analyses the effect of
international migration of either type of labour on the skilled-unskilled wage ratio; and the
nature of this effect depends on the capital intensity ranking between these two sectors. The
structure of the model is borrowed from Jones (1971) in which labour is intersectorally mobile
but two capitals are specific to two sectors.

Marijit et. al. (2004) develops a static four sector full employment general equilibrium
model of a small open economy with three factors: skilled labour, unskilled labour and capital.
Skilled labour is mobile between a traded good sector and a non-traded intermediate good
sector whose product is used as an input in the skilled labour using traded good sector. Out of
the two unskilled labour using traded good sectors, one uses capital and another uses land as
sector specific inputs. However, capital is mobile between the skilled labour using intermediate
good sector and one of the two unskilled using traded good sectors. The traded good sector
using intermediate good does not use capital directly while the intermediate good sector uses
it. Marijit et. al. (2004) analyses the effects of changes in price of the traded good and of capital
inflow on the degree of skilled-unskilled wage inequality. The nature of the effect depends on
the effective capital intensity ranking between the skilled labour using traded good sector and
the unskilled labour using traded good sector.

Chaudhuri and Yabuuchi (2008) develops a static four sector full employment general
equilibrium model of a small open economy with four factors: capital, skilled labour, unskilled
labour and land. This paper is basically an extension of Yabuuchi and Chaudhuri (2007) and of
Chaudhuri and Yabuuchi (2007) with an additional sector producing a nontraded good. In one
section of this paper, this nontraded good is used as an intermediate input in the low skill
manufacturing sector; and, in another section, this nontraded good plays the role of a final
commodity. The nontraded intermediate good is produced by unskilled labour and capital; and
the non-traded final good uses land in place of capital. Chaudhuri and Yabuuchi (2008) analyses
the effect of foreign capital inflow on the skilled-unskilled wage ratio. In the case of nontraded

final good, the nature of this effect depends on the capital intensity ranking between the high



skill manufacturing sector and the low skill manufacturing sector as well as on the land intensity
ranking between the agricultural sector and the nontraded final good sector. However, in the
case of nontraded intermediate good, the nature of the effect depends only on the capital
intensity ranking between the high skill manufacturing sector and the low skill manufacturing
sector.

Kar and Beladi (2004) develops a four sector full employment static general equilibrium
model of a small open economy in which one sector produces skill with unskilled labour and
capital as inputs and other three sectors produce traditional goods. Out of these three sectors
one sector produces intermediate good with skilled labour and capital and another sector
produces a final manufacturing good with skilled labour, capital and the intermediate input.
The third sector produces agricultural product using unskilled labour and land. Skilled wage rate
is fixed; and international migration rates of both skilled labour and unskilled labour are
endogenous in this model. Capital is mobile among all three sectors except for the agricultural
sector. Skilled labour is mobile between the intermediate good producing sector and the final
manufacturing good sector but unskilled labour is mobile between the skill formation sector
and the agricultural sector and land is specific to the agricultural sector. Kar and Beladi (2004)
studies the impact of trade liberalization and trade union activity on the rate of skill formation,
degree of skilled-unskilled wage inequality, pattern of migration of either type of labour and on
national income.

Yabuuchi and Chaudhuri (2009) develops a three-sector three factor full-employment
general equilibrium model of a small open economy in which one sector produces skill with
unskilled labour and capital as inputs and other two sectors produces traded final goods.
Capital is mobile among all three sectors. The unskilled labour is mobile between a traded good
sector and the skill formation sector but skilled labour is specific to another traded good sector.
The skill formation sector has to face a capital adjustment cost for which the effective unit cost
of capital varies positively with the amount of capital employed in that sector. Yabuuchi and
Chaudhuri (2009) examines effects of an exogenous infrastructure development scheme to the
education sector and of an exogenous inflow of foreign capital on the skill formation and on the

skilled-unskilled wage inequality; and shows that both would promote the skill formation



though the effect on the degree of skilled-unskilled wage inequality would depend on the
effective capital intensity ranking among all these three sectors.

Oladi and Beladi (2009) develops a static two sector full employment general
equilibrium model of an open economy in which one sector produces a nontraded good and
the other sector produces a pure exportable. The export earning is used to finance the
consumption of an imported good. Unskilled labour is specific to the non-traded good sector
but skilled labour is specific to the exportable sector. Capital is mobile between these two
sectors. It is shown that the nature of various comparative static effects on the degree of
skilled-unskilled wage inequality would depend on the elasticity of import demand with respect
to relative price of imported good to nontraded good and with respect to income.

Zhu and Trefler (2005) develops a static full employment model that combines features
of both Ricardian comparative advantage theory and factor endowment theory. In this model,
South (less developed economy) tries to produce less skill intensive goods of North (Developed
economy). However, these products become most skill intensive goods in South. This raises
relative demand for skilled labour and skilled-unskilled wage ratio in the South. North also
specializes in the production of goods of higher skill intensity. This raises relative demand for
skilled labour and skilled-unskilled relative wage in the North. Zhu and Trefler (2005) provides
empirical evidence that strongly supports this causal mechanism: Southern catch-up
exacerbates Southern wage inequality by redirecting Southern export shares towards more skill
intensive goods.

Xu (2003) shows that, in a two-country two-factor continuum-good full employment
model, high protective tariffs generate a range of nontraded goods. The trade liberalization
(tariff reduction) policy has two effects: a direct effect of import promotion and an indirect
effect of export promotion through terms of trade improvement. If the export expansion
dominates the import expansion, then this raises the relative demand for that factor which is
more intensively used in production. This raises skilled-unskilled wage ratio in developing
countries where skilled labour is now more intensively used.

Glazer and Ranjan (2003) introduces preference heterogeneity assuming that skilled

workers prefer to consume skill intensive goods in a static product variety model. Glazer and



Ranjan (2003) shows that under plausible conditions an increase in the relative size of the
skilled labour force raises the skilled-unskilled relative wage. In a two-country model of trade,
an increase in the relative supply of skilled labour in one of the two countries raises the skilled-
unskilled relative wage in both the countries.

Deardorff and Staiger (1988) develops a multi-commodity multi-factor static general
equilibrium model and shows that, if all production functions and utility functions are Cobb—
Douglas, then the factor content of trade can be used to derive the effect of trade on wage
inequality with given tastes and technology. Factor prices in two trading equilibria can be
compared by comparing their two ‘equivalent autarky equilibria’ which are constructed
changing factor endowments by the factor content of trade. Using relationships between
autarky factor prices and factor endowments, several relationships are derived between
relative factor price under trade and its factor content. A positive correlation is found between
relative changes in the factor content of trade, appropriately normalized, and the relative
changes in factor prices.

Panagariya (2000) develops a simple static general equilibrium model with two
commodities and two factors: skilled labour and unskilled labour; and modifies the model of
Deardorff and Staiger (1988) introducing CES utility functions with identical elasticities of
substitution. Like Deardorff and Staiger (1988), this model also shows that factor content of
trade can be used to derive the effect of trade on wage inequality in a given year with given
tastes and technology. A similar result is obtained even in a two period framework where tastes
and technology are allowed to change.

Meckl and Zink (2002) develops a static model; and provides a theoretical explanation
for a non-monotonic increase in wage differentials by skills even when the relative supply of
skilled labour is steadily increased. People who differ among themselves with respect to their
inherent abilities have to incur some fixed cost in order to acquire skill. Technological progress
affects the unskilled wage rate as well as the skilled wage rate; and thus affects the individuals’
investment incentives in skill formation. This rise in skill formation can be accompanied by a
non-monotone behavior of the skilled-unskilled relative wage under fairly general conditions.

The proposed mechanism should be seen as complementary to the widely discussed demand-



side models, as it explains the U-shaped relation between the skill premium and the relative
labour supply in the absence of any exogenous shock in total labour supply.

Chao, Laffargue and Sgro (2010) develops a model of a small open economy with two
commodities and two factors and examines the effect of foreign aid on the distribution wage
income in a static model. Two factors-skilled labour and unskilled labour-are specific to two
sectors producing two commodities-one traded and the other non-traded. It is shown that an
increase in foreign aid (in the form of tied aid) lowers the relative price of the nontraded good
and thus widens the skilled-unskilled wage inequality. Chao, Laffargue and Sgro (2012) uses a
similar model to examine the effects of stricter environmental regulation on wage income
inequality. Production of both goods in this model emits pollution and needs purchase of
permits. Emissions are considered as a production input which is mobile between two sectors.
A decrease in the rate of pollution due to imposition of sticker environment laws can reduce
skilled-unskilled relative wage by lowering wage of skilled labor in the traded good sector and
raising the wage of unskilled labor in the non-traded good sector if the tourism terms of trade

effect dominates.

1.2.1.1.1.2Models with unemployment

These models assume unemployment equilibrium in atleast one of the two labour
markets. The small set of literature includes the works of Chaudhuri (2004), Beladi et. al. (2008),
Chaudhuri (2008), Chaudhuri and Banerjee (2010) etc.

Chaudhuri (2004) develops a static two sector three factor general equilibrium model of
a small open economy in which unskilled labour and capital are intersectorally mobile between
these two sectors but skilled labour is specific to one of them, called the urban sector.
Chaudhuri (2004) also introduces Harris-Todaro type of unemployment of unskilled labour in
the urban sector. It is shown that an emigration of skilled and/or unskilled labour lowers the
level of urban unemployment of unskilled labour and widens the skilled-unskilled wage-gap.
Beladi et. al. (2008) develops a static two sector general equilibrium model of a dual economy

with three mobile factors- skilled labour, unskilled labour and capital, and with Harris-Todaro
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(1970) type of unemployment in the unskilled labour market. Beladi et. al. (2008) analyses the
effects of international factor movements on the skilled—unskilled wage inequality; and the
nature of the effect crucially depends on the factor intensity ranking between these two
sectors.

Chaudhuri (2008) also adopts the structure of Yabuuchi and Chaudhuri (2007) and of
Chaudhuri and Yabuuchi (2007) but introduces Hariss-Todaro (1970) type of unemployment in
the unskilled labour market. Chaudhuri (2008) analyses the effect of international migration of
either type of labour and of foreign capital inflow not only on the skilled-unskilled wage ratio
but also on the level of urban unemployment. The nature of the effect on wage ratio is
conditional on the capital intensity ranking between the high skill manufacturing sector and the
low skill manufacturing sector. However, an immigration of unskilled labour (an immigration of
skilled labour and/or foreign capital inflow) unambiguously raises (lowers) the urban
unemployment level in the unskilled labour market.

Chaudhuri and Banerjee (2010) develops a static three-sector general equilibrium model
of a small open economy with four factors: skilled labour, unskilled labour, land and capital. The
model considers unemployment of skilled labour as well as of unskilled labour. Unemployment
of unskilled labour is of Harris—Todaro (1970) type while unemployment of skilled labour is
explained by the efficiency wage hypothesis. Here unskilled labour is mobile between the
agricultural sector and the low skill manufacturing sector but land and skilled labour are specific
to agricultural sector and high skill manufacturing sector respectively. Capital is mobile among
all three sectors. Unskilled labour earns an exogenously given high wage rate in the low skill
manufacturing sector. The efficiency of skilled labour depends on relative rates of returns to all
four factors and on the unemployment rate of skilled labour. Chaudhuri and Banerjee (2010)
shows that the effect of an increase in capital and/or land on skilled-unskilled wage inequality
depends on the degree of responsiveness of the efficiency function due to change in relative
returns of all factors. However, this increase reduces the unemployment problem of unskilled

labour.
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1.2.1.1.2North-South models

North-South models are basically two country models of world economy where the two
countries are structurally dual to each others. In these models, we can analyse asymmetric
movements in the skilled-unskilled relative wage in different countries simultaneously. These
group of North-South models includes the works of Feenstra and Hanson (1996 and 1997),
Rowthorn et. al. (1997), Marjit and Acharyya (2006), Acharyya (2011) etc.

Feenstra and Hanson (1996 and 1997) develop static North-South models to analyse
the effects of foreign direct investment in the form of outsourcing of production activity from
developed to developing countries on the skilled-unskilled relative wage in both developed and
developing countries. Each of these two models assumes a production technology with a
continuum of production stages differing in their skilled—unskilled labor intensities. Depending
on comparative advantages, some of these production stages are located in the North and
others in the South. The South (North) has a comparative advantage in more unskilled (skilled)
labor intensive stages of production. An outsourcing of some stages of production from the
North to the South reduces the relative demand for unskilled labour in the North and hence
raises the skilled-unskilled relative wage there. This relative wage also goes up in the South
because the southern average skilled-labor intensity in the relatively unskilled labor intensive
stages of production also goes up after outsourcing.

Rowthorn et. al. (1997) develops a static North-South model with two kinds of labour-
skilled and unskilled. There are three sectors in each of these two countries. Sector 1 (2)
produces a 'skill-intensive' (unskill labour intensive) manufacturing good; and sector 3 produces
a nontradeable. In every sector, the elasticity of technical substitution between the two kinds
of labour is constant though technologies are different in different sectors. It is shown that
substantial gains from trade openness can be accompanied by a significant increase in skilled-
unskilled wage inequality in the North. Increasing labour market flexibility can not correct this
problem; and protectionist measures, such as enforcing labour standards on the South, may
reduce global income. Less conventional labour market policies, such as employment subsidies

for unskilled workers, may be a more effective solution.
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Marjit and Acharyya (2006) develops a static North South full employment general
equilibrium model of the world economy. Both countries have two sectors with two factors:
skilled labour and unskilled labour. The home country produces a final consumption good and
an intermediate good using skilled labour and unskilled labour as inputs; and the entire
production of the intermediate good is imported to the foreign country who produces a final
good using the intermediate good and skilled labour. Both the factors are intersectorally mobile
in the home country. However, the unskilled labour is specific to the production of the
intermediate good in the foreign country while skilled labour is intersectorally mobile there.
Liberalisation in the trade policy of the foreign country (South) raises the world price of this
intermediate good but lowers its tariff-inclusive price in the foreign country. These asymmetric
movements of prices of intermediate goods in two countries raise the skilled-unskilled relative
wage in both the countries.

Acharyya (2011) develops a static 2x2x2 HOS model where two countries, home and
foreign, produce two goods with two internationally immobile but intersectorally mobile
factors of production, skilled labour and unskilled labour. The home (foreign) country is
relatively unskilled-labour (skilled-labour) abundant according to the physical definition of
factor abundance; and production technologies of two goods differ in terms of factor
intensities. Thus, the home (foreign) country has a comparative advantage to produce the
relatively unskilled-labour (skilled labour) intensive good. This paper shows that the conversion
of an import-quota into an equivalent voluntary export restraint raises (lowers) skilled-unskilled
relative wage in the country importing the unskilled-labour (skilled labour) intensive good; and
this result is independent of which good is initially subject to import quota. However,
conversion of an import-quota into an equivalent import tariff, on the other hand, may lead to
a rise in the skilled-unskilled wage ratio in both the countries. The driving force behind these
results is the real income effect caused by the conversion of one type of trade restriction

instrument into the other.
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1.2.1.2 Product variety models

These models are also static general equilibrium models with a product variety structure
and with monopolistic competition in markets of different varieties. These models also analyse
the effect of change in different globalization related parameter on the degree of skilled-
unskilled wage inequality. The literature includes the works of Anwar (2009, 2006a, 2008,
2006b) and Anwar and Rice (2009).

Anwar (2009) considers a static product variety general equilibrium model of a small
open economy that assumes full employment in the labour market and produces two final
products - one industrial good and one agricultural good. The industrial good is produced with
skilled labour and a large number of varieties of intermediate goods which, in turn, are
produced with unskilled labour and skilled labour. However, the agricultural good is produced
with unskilled labour alone. While markets for primary factors and final products are
competitive, monopolistic competition prevails in markets for varieties of intermediate goods.
Anwar (2009) analyses the effect of downsizing which is defined as a decrease in the fixed cost
of producing varieties. It is shown that downsizing raises wage inequality but produces a
positive effect on welfare.

Anwar (2006a) also considers a static product variety full employment general
equilibrium model of a small open economy that produces one industrial good and one
agricultural good. However, capital is assumed to be an additional input and it is mobile among
all sectors. The industrial good is produced by varieties of intermediate goods, capital and
skilled labour. Intermediate goods are produced by capital and skilled labour but the
agricultural good is produced by unskilled labour and capital. Assumptions regarding market
structure in this model are also same as in Anwar (2009). Anwar (2006a) shows that emigration
of skilled labour and/or of unskilled labour raises the degree of wage inequality even if income
shares of capital are identical across industrial and agricultural sectors. However, an outflow of
capital lowers the degree of wage inequality in this paper.

Anwar and Rice (2009) adopts the structure of Anwar (2006a) but considers two types of

perfect substitute capital: foreign and domestic. The supply of domestic capital is exogenous
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but the supply of foreign capital is endogenous in this model. The model analyses the effect of
immigration of either type of labour on the degree of skilled-unskilled wage inequality as well
as on the level of foreign investment both in the short run and in the long run. Short run is
defined as a situation where number of firms in markets for varieties is fixed. However, in the
long run, there is no restriction on entry and exit of those firms. Anwar and Rice (2009) shows
that, in the short run, inflow of either skilled labour or unskilled labour has no effect on the
degree of wage inequality though it raises the supply of foreign capital. However, in the long
run, inflow of skilled labour raises both wage inequality and the level of foreign investment.

Anwar (2008) develops a static product variety full employment general equilibrium
model of a small open economy that produces two final goods with capital, labour and public
infrastructure. The infrastructure is produced with capital and labour; and its cost of production
is financed by non-distortionary taxation. The provision of public infrastructure involves fixed
cost as well as variable cost; and the presence of public infrastructure gives rise to external
economies of scale. Anwar (2008) analyses the effect of a change in the labour inflow on
welfare. However, this model can not discuss its effect on skilled-unskilled wage inequality
because it considers only one type of labour.

Anwar (2006b) develops a simple model of a small open economy that produces one
industrial good, one agricultural good and one intermediate public good. The industrial good is
produced by foreign capital, domestic labour and a large number of varieties of non-traded
private intermediate goods which, in turn, are produced by foreign capital and domestic labour.
The public intermediate good and the agricultural good are produced by domestic capital and
domestic labour. The role of the public intermediate good is to reduce the fixed cost of
production of varieties of private intermediate goods. Markets for all goods except for varieties
of private intermediate goods are perfectly competitive. However, varieties of private
intermediate goods are produced under monopolistic competition. The presence of internal
economies in the private intermediate goods sector gives rise to specialisation-based external
economies in the industrial good sector. Anwar (2006b) shows that an increase in the supply of
the public intermediate good decreases foreign investment as long as the public intermediate

good is not less capital intensive as compared to the agricultural good and the industrial good is
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not less capital intensive as compared to the private intermediate good. In the absence of
specialisation-based external economies, an increase in the supply of the public good leads to
an unambiguous decrease in welfare. Like Anwar (2008), this paper also can not analyse the

effect on skilled-unskilled wage inequality because it considers only one type of labour.

1.2.1.3 Models with oligopolistic markets

Das (2002) develops a two sector two factor static general equilibrium model in which
one of the two sectors is oligopolistic in nature. It is an extension of Feenstra—Hanson (1995,
1996, and 1997) models. Unlike in Feenstra—Hanson models, Foreign Direct Investment (FDI)
takes place in an oligopolistic final-good producing sector in which foreign firms compete with
local firms. The economy consists of this oligopolistic sector as well as a competitive sector
which is less skilled labor intensive than the oligopolistic sector. It is shown that an increase in
FDI activity, defined as an exogenous increase in the number of foreign firms, has three effects
on the skilled-unskilled relative wage. First, there is a direct effect of an increase in the total
number of firms in the skilled labor intensive sector; and this tends to widen the skilled-
unskilled wage differential though an increase in the relative demand for skilled labour.
Secondly, there is a technology gap effect, which would tend to lower the relative wage. Finally,
there is a transfer effect via changes in foreign firms’ profits to be repatriated; and this effect
turns out to be ambiguous. The overall effect remains ambiguous too. However, Das (2002) also
considers a case where entrepreneurial choice is endogenous and skilled workers are potential
entrepreneurs of domestic firms. In this case, an increase in FDI activity lowers the number of
domestic firms and the entrepreneurs tend to work as skilled labourers. This increase in the
supply of skilled workers for production activity tends to lower the skilled-unskilled relative
wage.

Das (2001) develops a two country static general equilibrium model with two types of
labour-skilled and unskilled. In this model, skilled labour is used not only for production but also
for supervision of unskilled labour to prevent them from shirking. However, unskilled labour is

used only for production. Das (2001) shows that the effect of trade on skilled-unskilled relative
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wage is greater than that predicted by the Stolper-Samuelson theorem when trade is based on
endowment differences. However, when trade is based on technological differences, a
movement to trade tends to reduce the skilled-unskilled relative wage in each of the two

countries.

1.2.1.4 Applied Model

Santis (2002) uses two alternative Applied General Equilibrium (AGE) models calibrated
to the UK economy of the late 1970s to explain how endogenous and exogenous technical
change affect wage inequality within labour groups in a two-sector general equilibrium setting.
Both models are characterised by two primary factors of production (skilled labour and
unskilled labour), the skilled labour-intensive modern service sector, the unskilled labour-
intensive traditional manufacturing sector, input-output linkages and intra-industry trade in the
traditional sector. The first model introduces endogenous sector-bias technical change where
trade, by fostering the development of new goods to be produced by foreign partners, favours
the diffusion of technology in the domestic economy. The second model assumes exogenous
skill-augmenting technical change whose benefit is restricted within the originating country.
The results of the numerical simulations are consistent with the stylised facts of the UK
economy, though the model with endogenous technical change yields better results because it
can also explain the decline in the wage rate of unskilled workers and the relatively large

increase in the import of capital goods.

1.2.2 Dynamic Models

Dynamic models focus on the intertemporal accumulation of skilled labour, physical
capital, technology etc. and analyse the behaviour of skilled-unskilled relative wage in the long
run equilibrium and/or in the transitional phase of economic growth. The set of models
developing dynamic intertemporal structure to analyse skilled-unskilled wage inequality in the

long run equilibrium includes the works of Kiley (1999), Wang et. al. (2009), Fang et. al. (2008),
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Acemoglu (1998, 2003, 2002a), Galor and Moav (2000), Beladi and Chakrabarti (2008), Ripoll
(2005), Grossman and Helpman (1991), Thoeing and Verdier (2003), Boedo (2010), He and Liu
(2008), Turrini (1998), Weiss (2008), Aghion (2002), Eicher (1996), Meckl and Zink (2004), Shi
(2002), Moore and Ranjan (2005) etc.

Kiley (1999) develops a two sector one commodity dynamic model with two types of
labour-skilled and unskilled. One of these two sectors uses unskilled labour and its
complementary intermediate goods to produce the final product and the other sector requires
skilled labour and its complementary intermediate goods to produce the same product. The
cost of developing a new specific intermediate good depends on the number of varieties of
those specific intermediate goods available and on the level of existing research. However,
there does not exist any inter sectoral knowledge spillover effect in these cost functions. The
guestion of international knowledge spillover effect does not arise in this model because Kiley
(1999) considers a closed economy. Kiley (1999) shows that the skilled-unskilled wage ratio in
the steady-state growth equilibrium varies positively with the skilled-unskilled labour
endowment ratio.

Wang et. al. (2009) develops a dynamic model of an economy, endowed with two types
of labour - unskilled and skilled and producing two final goods - traditional goods and advanced
goods. Skilled labour is either combined with sector specific capital to produce advanced final
goods or used in the advanced R&D sector to design blueprints of new advanced final goods.
The same is true for unskilled labour which is employed in the traditional final good sector and
in the traditional R&D sector. There exists an international knowledge spillover effect from the
advanced R&D sector of the foreign country to the advanced R&D sector of the home country
and also a localized knowledge spillover effect from the advanced R&D sector to the traditional
R&D sector of the home country. It is shown that two opposite effects play important roles to
determine the degree of skilled unskilled wage inequality in the steady state equilibrium of the
small open home country after it has been opened up to trade. These are the price effect and
the skill discrepancy effect of which the former reduces the skilled-unskilled wage ratio and the
latter raises it. Hence these two competing forces lead to ambiguity to analyse the effect of

trade openness on wage inequality.
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Fang et. al. (2008) develops a dynamic model very similar to Wang et. al. (2009) with the
difference that only one final commodity is produced in both the sectors. The possibility of any
international knowledge spillover is ruled out here though there exists localized knowledge
spillover from the advanced R&D sector to the traditional R&D sector. It is shown that the
skilled-unskilled wage ratio in the steady state equilibrium may move in any direction with an
increase in the relative supply of skilled labour; and the direction of the movement depends
upon the size of the relative supply of skilled labour and the magnitude of the efficiency
parameter in the localized technology spillover function.

Acemoglu (1998) develops a dynamic quality ladder model of a closed economy to
explain the growing wage inequality with the help of endogenous adoption of skill biased and
unskilled biased technologies. If the proportion of skilled workers in the labour force is high,
then this leads to a relatively larger size of skill-complementary technologies; and this, in turn,
encourages faster upgrading of the productivity of skilled workers. As a result, an increase in
the relative supply of skilled labour reduces the skilled-unskilled wage ratio in the short run.
However, in the long run it induces skill biased technical change and thus raises the skilled-
unskilled wage ratio, through an increase in the relative demand for skilled labour.

Acemoglu (2003) extends the model of Acemoglu (1998) introducing international trade;
and, in this extended model, the degree of skilled-unskilled wage inequality is determined not
only by the technology and by the relative supply of skilled labour but also by the nature of
international trade. The most important result of the paper is that increased international trade
induces skill-biased technical change. As a result, trade opening can cause a rise in the degree
of skilled unskilled wage inequality both in the developed and in the less developed countries.

Acemoglu (2002a) develops a dynamic product variety model with two factors-skilled
labour and unskilled labour; and attempts to explain the growing skilled unskilled wage
inequality with the help of endogenous adoption of skill-biased and unskilled biased
technologies. One final good is produced with two intermediate goods and its production
function satisfies CES property. One (other) intermediate good is produced with skilled
(unskilled) labour and with skill (unskill) complementary varieties of intermediate inputs.

Monopolistic competition prevails in the markets for varieties but both the labour markets are
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competitive. It is shown that there are two forces affecting the nature of the bias in
equilibrium: the price effect and the market size effect. While the price effect encourages
innovations biased in favour of the scarce factor, the market size effect leads to technical
change favouring abundant factors. The relative strength of these two effects finally determines
the nature of the effect that a change in the relative supply of skill labour would produce on the
relative wage; and this net effect finally depends on the aggregate elasticity of technical
substitution between two factors in the production of the final good.

Galor and Moav (2000) develops a over-lapping generation model of a small open
economy with skilled biased technological change that operates in a perfectly competitive
market. Capital movements are unrestricted and economic activity extends over infinite
discrete time. The economy produces a single homogeneous good with physical capital and a
composite labour input (measured in efficiency units) that consists of skilled labour and
unskilled labour. The relative supply of skilled labour to unskilled labour is determined by
occupational choices of individuals within a generation as well as by the state of technology.
The stock of physical capital accumulates through investment given by economy's aggregate
saving net of international lending. It is shown that technological progress raises the skilled-
unskilled wage inequality as well as the within group inequality.

Beladi and Chakrabarti (2008) develops a two period model to compare effects of
immigration and of international outsourcing on the skilled-unskilled wage ratio in a model of
outsourcing subject to contractual incompleteness. The paper shows that the skilled-unskilled
wage inequality, while affected by frictions in immigration, is sensitive to variations in
contractual frictions in intermediates that affect international outsourcing. In particular, Beladi
and Chakrabarti (2008) predicts that a fall in the friction in immigration would cause the skilled-
unskilled wage gap to widen while this gap would be dampened by a decline in the contractual
frictions in the low-tech intermediates. A decline in the contractual frictions in the high-tech
intermediates relative to the frictions in low-tech intermediates will increase the wage gap.

Ripoll (2005) studies a simple dynamic general equilibrium model of trade in which
differences in initial endowments across developing countries play a key role in explaining the

nature of skilled-unskilled wage inequality. The main finding of this paper is that the skilled-
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unskilled relative wage would fall with trade liberalization when the developing country is
initially abundant in the ratio of skilled to unskilled workers and scarce in physical capital.

Grossman and Helpman (1991), in chapter 3, develop a dynamic product variety model
in which only one production sector produces varieties of innovated products and a R&D sector
gives birth of new varieties. This model neither makes any distinction between skilled labour
and unskilled labour nor considers the problem of imitation. In chapter 5 of Grossman and
Helpman (1991), the basic model is extended to introduce skilled labour and unskilled labour
with zero elasticity of technical substitution between them in all production sectors with the
assumption that the high technology final good sector is more skilled labour intensive than the
traditional sector. An increase in the skilled (unskilled) labour endowment does not affect the
relative demand for skilled labour; and hence lowers (raises) the skilled-unskilled wage ratio.
However, in the model developed in chapter 6 of Grossman and Helpman (1991), elasticity of
technical substitution between skilled labour and unskilled labour is assumed to be positive in
each of all these production sectors and the R&D sector is assumed to use only skilled labour as
input and not unskilled labour. So the change in skilled labour endowment affects the demand
for skilled labour but a change in unskilled labour endowment has no effect on its demand in
this model. Hence the skilled-unskilled wage ratio is increased with increase in either skilled or
unskilled labour endowment.

Thoeing and Verdier (2003) develops a dynamic model of innovations in which firms can
endogenously bias the direction of technological change; and then attempts to analyse the
effects of imitation on the skilled-unskilled wage inequality. When there is an increased threat
of imitation, innovating firms use skill intensive technology to get rid of the threat of imitation.
This technological change raises the relative demand for skilled labour and thus worsens the
problem of skilled-unskilled wage inequality.

Boedo (2010) develops a dynamic general equilibrium model that endogenizes the
technology adoption decision with factor accumulation decision. The factor accumulation
decision is taken over the stocks of skilled labour and physical capital; and the technology
adoption decision focuses on the optimal choice of the level of skill bias in the production

technology in the presence of a convex technology adoption cost that can be interpreted as an
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accelerated obsolescence (due to technological change) in the stocks of skilled labour and
physical capital. The model explains why poor countries do not adopt advanced technologies
even though they are readily available and have been implemented in rich countries. This is so
because the cost of adoption may be very high and the transition phase may be very long.
Boedo (2010) also shows that intertemporal changes in the degree of skilled-unskilled wage
inequality would be observed in the transitional phase but not in the steady state equilibrium.
He and Liu (2008) develops a dynamic model to describe how investment-specific technological
change generates a time path of skill accumulation and wage inequality. As technology
improves over time, the relative price of capital equipments falls; and this encourages
investment in new equipments. Given equipment—skill complementarity, this also encourages
investment in skill accumulation because otherwise increases in equipments would raise
(lower) the marginal productivity of skilled (unskilled) workers and thereby would drive up the
skill premium. This consequent increase in the relative supply of skilled labour partly dampens
the rise in the skill premium. It is shown that the revenue-neutral elimination of a capital
income tax leads to a modest increase in the degree of wage inequality and to a sizable welfare
gain. However, the revenue-neutral increase in the progressiveness of a labour income tax is
not effective to reduce wage income inequality because it discourages skill accumulation and,
in turn, leads to a large decline in the average productivity of skilled labour and consequently in
the welfare. In contrast, a policy that provides direct subsidies to human capital accumulation
raises the skilled—unskilled labour ratio, lowers the skill premium, and improves welfare.

Turrini (1998) develops a two period (generation), two sector, small open economy
model where human capital accumulation is financed by household expenditure as well as by
tax financed public expenditure. Workers are heterogeneous in skills; and only relatively more
skilled workers are employable in high skill export sector. Turrini (1998) shows how
endogenous public investments in human capital can enhance the skilled-unskilled income
differentials arising from exogenous trade-related shocks and technology shocks. Median voter
equlibria leads to underinvestment in publicly-provided component of human capital; and this,

in turn, leads to an increase in the degree of income inequality across generations.
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Weiss (2008) develops a dynamic two sector two factor general equilibrium model in
which two consumption goods, services and manufacturing are produced using two types of
labor-unskilled and skilled. Technological change is exogenous, factor-augmenting and skill-
biased; and it only affects the manufacturing sector. The service sector does not derive any
benefit from technological progress. Both types of labour are perfectly mobile. Weiss (2008)
shows that an improvement in the skill biased technical progress does not necessarily imply an
increase in the skilled-unskilled wage inequality in the long run because the nature of
movement in the skilled-unskilled relative wage also depends on the relative price of the
consumption good as well as on the preference parameters of the representative consumer.

Aghion (2002) develops a dynamic quality ladder Schumpeterian Growth model to
explain two important puzzles of growing wage inequality in developed economies. The first
puzzle concerns wage inequality between educational groups; and the second puzzle concerns
wage inequality within educational groups. The model assumes only one final good to be
produced with two intermediate goods one of which is produced by skilled labour and the
other by unskilled labour. There is continuum of potential producers in each of the two
intermediate goods sector; but, in any period, only one firm knows how to make technological
advance. Technological lead is made in skilled (unskilled) labour using intermediate good sector
by allocating larger R&D investments to that sector; and this raises the size of the monopoly
rent in that sector. Innovations are always imitated after one period and hence an innovator
gets monopoly rent only for a single period. Marginal revenue productivities of the R&D input
in the two sectors must be same in equilibrium. It is shown that an increase in skilled labour
endowment raises the relative productivity of skilled labour to that of unskilled labour; and this,
in turn, raises the skilled-unskilled wage ratio. Aghion (2002) also explains the rise in the degree
of within group wage inequality in an infinite horizon discrete time model with sequential
productivity-improving innovations occurring in every period. This allows a new vintage of
machine to be produced and used for final good production.

Eicher (1996) develops a dynamic two period model with three sectors and two factors;
and attempts to analyse how interaction between endogenous human capital accumulation

and technological change affects the behavior of skilled-unskilled relative wage and the process
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of economic growth. The education sector produces new technology with skilled labour; and
two production sectors produce the same good with different technological sophistications and
skill intensities. The high tech production sector uses new technology and both skilled labour
and unskilled labour as inputs; but the low tech production sector uses old technology with
unskilled labour as the only input. Private investments in human capital formation finances the
employment of skilled labour in the education sector. The absorption of new skill intensive
technologies into the high tech production sector raises the relative demand for skill labour;
and thus raises the skilled-unskilled relative wage. In contrast to recent models of endogenous
economic growth, higher rates of technological change and of economic growth in the steady-
state equilibrium of this model may be accompanied by a higher level of skilled-unskilled
relative wage and by a lower relative supply of skilled labour.

Meckl and Zink (2004) analyses the time behaviour of the skilled-unskilled wage
inequality within a one sector simple neoclassical growth model where labour is heterogeneous
in terms of abilities. The accumulation of physical capital causes changes in relative factor prices
and thus in incentives to acquire skills. This, in turn, alters the composition of the labour force.
Without relying on any exogenous shocks, this model generates dynamics of capital
accumulation; and these, in turn, leads to important results related to the behaviour of skilled-
unskilled wage inequality. For example, skilled-unskilled relative wage may grow in a non-
monotone way. Additional incorporation of wage rigidities in the form of a restriction that
people below certain ability would not get employment shows the trade off between skilled-
unskilled wage inequality and employment opportunities for unskilled labour.

Shi (2002) analyses the directed search and matching problem in an economy with
heterogeneous skills and skill-biased technology. It is shown that a unique symmetric
equilibrium exists and is socially efficient; and matching is partially mixed in the equilibrium. A
high-tech firm receives both skilled and unskilled applicants with positive probability, and
favours skilled workers, while a low-tech firm receives only unskilled applicants. The model
generates wage inequality among unskilled workers as well as skilled-unskilled wage inequality.
Since high-tech firms favour skilled applicants, they must compensate unskilled applicants for

the low employment probability by offering them a higher wage than low-tech firms do. This
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within-group inequality does not rely on the traditional assumptions of innate ability
differences and the consequent productivity differences because unskilled workers perform the
same task and have the same productivity in these two types of firms. Shi (2002) shows that
skill-biased technological progress generates concurrent increases in within-group inequality as
well as in the skilled-unskilled wage inequality, with the latter rising more sharply. A general
productivity slowdown raises the degree of within-group wage inequality and reduces that of
the skilled-unskilled wage inequality.

Moore and Ranjan (2005) investigates the static and dynamic effects of globalisation and
skill-biased technological change on unemployment across skill classes using a model of search
unemployment with two traded intermediate goods used in the production of a non-traded
final good. Here search unemployment exists in the markets of skilled labour as well as of
unskilled labour. One of the two intermediate goods is produced with skilled labour and the
other is produced with unskilled labour. Although factors are sector specific the unemployment
rate and the real wage rate in each sector respond to the relative price of intermediate goods.
Countries open to trade are linked by world relative prices. In each country, unemployment
substitutes for factor mobility in the transmission of relative price changes to sectoral output
changes. In addition, the autarky relative price of the intermediate goods is determined by the
relative supply of skilled labour. Therefore, relative factor endowments determine comparative
advantage. It is shown that both globalisation and skill-biased technological change lead to
increases in wage inequality. However, these shocks may have different effects on

unemployment.

1.3 Existing research gaps

There may exist various types of research gaps to be fulfilled in the literature. However,
following existing research gaps are to be addressed in the present thesis. The static
competitive equilibrium models described in the section 1.2.1.1 assume that the non-traded
good is produced by unskilled labour. Hence these group of models can not analyze the role

played by inter-sectoral mobility of skilled labour and by the change in demand for skilled
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labour from the non-traded good sector on the skilled-unskilled wage inequality. All of them
assume supply of skilled labour to be exogenously given except for Marjit and Acharyya (2003)
and Yabuuchi and Chaudhuri (2009). However, Marjit and Acharyya (2003) and Yabuuchi and
Chaudhuri (2009) assume that skilled labour is produced only with capital but not with skilled
labour. The problem of unemployment of labour is ignored by most of the existing theoretical
works expect for Marijit and Acharyya (2003), Beladi et. al. (2008) and Chaudhuri (2008, 2004)
who consider Harris-Todaro (1970) type unemployment of unskilled labour. However, these
models assume full employment of skilled labour. Chaudhuri and Banerjee (2010) explain
unemployment of skilled labour with the help of efficiency wage hypothesis® and
unemployment of unskilled labour using Harris-Todaro (1970) migration mechanism. However,
they do not consider the role of non-traded good. The ratio of the wage rate of the skilled
worker to that of the unskilled worker is taken as the measure of wage inequality in all these
models. However, none of them considers Gini-Coefficient of wage income distribution as a
measure of inequality.

Among the existing static product variety models described in section 1.2.1.2, Anwar (2005,
2006b) introduce a public input producing sector in their models in the presence of
specialization-based external economics. However, they have only one type of labour in their
models; and hence can not explain the skilled-unskilled wage inequality. Anwar (2006a, 2009)
and Anwar and Rice (2009) analyse the problem of wage inequality using endogenous product
variety framework with specialization-based external economics but do not consider the role of
public input. Glazer and Ranjan (2003) introduces preference heterogeneity assuming that
skilled workers prefer to consume skill intensive goods but does not consider the role of public
intermediate good. Also, none of the existing models described in this section considers the
problem of unemployment.

The dynamic models like Kiley (1999), Acemoglu (2002a), Fang et. al. (2008) summarized in
the section 1.2.2 develop two sector dynamic models with a single final commodity. So they can

not analyse the effects of trade on wage inequality. Acemoglu (2003) analyses the effect of

® The literature on efficiency wage hypothesis inclued works of Solow (1979), Agell and Lundborg (1992, 1995),
Feher (1991) and Akerlof and Yellen (1990) etc.
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trade. However, even Acemoglu (2003) does not analyse the effect of international and inter
sectoral knowledge spillover on skilled-unskilled wage inequality.

North-South models of Grossman and Helpman (1991) analyse the role of imitation on the
long run rate of growth and on the North-South relative wage. However, these models do not
distinguish between skilled labour and unskilled labour. No model in the existing literature,
except Thoeing and Verdier (2003), has analysed the effects of a change in the imitation rate on
this skilled-unskilled wage inequality. In Thoeing and Verdier (2003), increased threat of
imitation worsens the problem of skilled-unskilled wage inequality. Unfortunately, this result is
not consistent with the findings of empirical works like Kanwar and Evenson (2003, 2009), Park
(2008), Ginarte and Park (1997) etc. who show that there is significant improvement in the

worldwide patent protection during the period 1960-2005.

1.4 A summary of the present thesis

In addition to the present introductory chapter, the thesis consists of four other
chapters in which we develop different theoretical models attempting to fill up the research
gaps pointed out in section 1.3.

The chapter 2 is devoted to analyse skilled-unskilled wage inequality in a static
competitive general equilibrium framework with special emphasis on the role of non-traded
final good sector that uses skilled labour.

In section 2.2 we develop a static competitive general equilibrium model of a small open
economy. Here skilled labour is mobile between a traded good sector and the non-traded good
sector. Unskilled labour is specific to another traded good sector. Capital is perfectly mobile
among all these three sectors. This non-traded good is a non-inferior final good but not an
intermediate one. The level of demand for the non-traded good is assumed to vary positively
with the national income of the country; and thus increases in factor prices and/or factor
endowments produce positive effects on the demand for non-traded good and consequently on

its price. The skilled unskilled wage ratio is changed due to this change in the equilibrium price
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of the non-traded good. Existing theoretical literature does not adequately focus on the role of
non-traded final good sector on the determination of skilled-unskilled relative wage.

We derive interesting results from our model. Capital intensity ranking between the
skilled labour using non-traded good sector and the skilled labour using traded good sector
appears to be the most important factor determining the nature of the effect on skilled-
unskilled relative wage. A capital exporting country as well as a capital importing country may
experience a similar effect on wage inequality when this inter-sectoral capital intensity ranking
in these two countries are opposite to each others. The same is also true for a labour exporting
country and a labour importing country in the case of this opposite inter-sectoral factor
intensity ranking. Opening of trade may also produce similar effects in this case. Also the nature
of the effect on wage inequality as measured by skilled-unskilled relative wage depends on the
sign of the marginal effect of excess demand for non-traded good with respect to the change in
parameter. This sign of this marginal demand effect may be different in different countries.
Thus two countries, whose roles are dual to each others in the context of exchange of goods or
movement of factors, may experience similar movements in wage inequality with different
signs of marginal demand effects even if their capital intensity ranking between the traded
good sector and the non-traded good sector are identical. Models of existing literature fails to
put emphasis on these points because a skilled labour using non-traded good sector does not
exist there and hence the role of intersectoral mobility of skilled labour can not be studied.

We extend the basic model introducing endogenous supply of skilled labour in section
2.3. Here the unskilled labour is transformed into skilled labour by the education sector and this
transformation is instantaneous. The addition of this education sector makes the model a four
sector competitive general equilibrium model. Capital is also perfectly mobile among the
education sector, skilled labour using traded good sector and the nontraded good sector.
However, land and unskilled labour are specific to another traded good sector in which capital
does not get any entry. Otherwise, this extended model is identical to the basic model. Here
also the effect of a change in different parameters on wage inequality depends on the factor

intensity ranking between two skilled labour using sectors and on the relative strength of the
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marginal effects on demand for and supply of nontraded final good. We also analyse the effects
of changes in different parameters on the endogenous supply of skilled labour.

We consider another extension of the basic model in section 2.4. In this extension, we
introduce involuntary unemployment equilibrium in both the labour markets in an otherwise
identical basic model of section 2.1 and explain unemployment using efficiency wage
hypothesis. We examine the effects of change in different factor endowments on
unemployment and on skilled-unskilled wage inequality. Also, we introduce Gini-Coefficient of
wage income distribution as a measure of wage income inequality replacing skilled-unskilled
relative wage. It is shown that Gini-coefficient is a monotonically increasing function of skilled-
unskilled relative wage in a full employment model. However, in the presence of
unemployment, this is not true. It is shown that a comparative static effect with respect to
change in capital endowment may force the skilled-unskilled relative wage and the Gini-
Coefficient of wage income distribution to move in opposite directions in the presence of
unemployment.

Chapter 3 is devoted to explain skilled-unskilled wage inequality in a static general
equilibrium model with product variety structure and with monopolistic competition in markets
of different varieties.

In section 3.2, we develop a four sector small open economy model with two traded
final good sectors, a public intermediate good producing sector and a nontraded good sector
producing varieties of private intermediate goods. Production functions of all these sectors,
except for varieties of private intermediate goods sector, satisfy all standard neo-classical
properties including constant returns to scale (CRS). However, in the private intermediate
goods producing sector, production function of each of these varieties satisfies increasing
returns to scale (IRS). The public intermediate good plays the role of reducing the fixed cost of
production of nontraded private intermediate goods. There are three primary factors: capital,
skilled labour and unskilled labour. Industrial sector producing a traded good uses capital,
intermediate goods and skilled labour as inputs. Private intermediate goods producing sector
also uses capital and skilled labour. Public input producing sector and the agricultural sector

producing the other traded good use capital and unskilled labour as inputs. It is shown that, if
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production technologies are same for the agricultural sector and the public input producing
sector and if the scale elasticity of output is very low, then an increase in capital stock (unskilled
labour endowment) raises (lowers) the skilled-unskilled wage ratio. However, an increase in
skilled labour endowment does not produce any unambiguous effect. On the other hand, an
increase in the tax rate on industrial output and/or an increase in the price of the agricultural
product, armed with same set of assumptions, lowers the skilled-unskilled wage ratio.

In section 3.3, we develop a three sector small open economy model with two traded
final good sectors and a nontraded good sector producing varieties of intermediate goods.
Public intermediate good producing sector does not exist here; and the exclusion is made only
for the sake of simplicity. The efficiency wage hypothesis is introduced to explain
unemployment in each of these two labour markets. We again attempt to analyse the effect on
unemployment as well as on the Gini-coefficient of wage income distribution. It is shown that
an increase in either type of labour endowment (capital endowment) raises (lowers) the
unemployment rate of either type of labour if the scale elasticity of output is very small. On the
other hand, if the industrial sector is more capital intensive than the agricultural sector and if
efficiency functions of both types of labour are identical, then an increase in either type of
labour endowment (capital endowment) lowers (raises) the skilled-unskilled wage ratio.
However, the effect of a change in capital endowment on the Gini Coefficient of wage income
distribution is ambiguous in sign.

Chapter 4 of this thesis extends the one commodity two sector dynamic model of Kiley
(1999) introducing two different commodities to be produced in two sectors and introducing
international knowledge spill over from the rest of the world to the home country and localized
knowledge spillover from the more advanced modern sector to the less advanced traditional
sector. We analyse the effect of opening of international trade on the skilled unskilled wage
inequality in the long run equilibrium. We show that the relationship between the skilled
unskilled wage ratio and the skilled unskilled labour endowment ratio under autarky is
ambiguous; and the nature of this relationship depends on the degree of consumer’s
indifference substitution between the two final goods. However, when international trade is

opened, its effect on this skilled unskilled wage ratio in the long run equilibrium depends not
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only on the degree of consumer’s indifference substitution between the two final goods but
also on the intensity of spillover effects as well as on the inter country difference in factor
endowments.

Chapter 5 of this thesis analyses the effect of skilled-unskilled wage inequality in long
run equilibrium using a Helpman (1993) framework.

In section 5.2, we develop a dynamic three sector product variety model to analyse the
role of imitation on skilled-unskilled wage inequality. One of these sectors produces varieties of
innovated products with skilled labour as well as unskilled labour; and an other sector produces
varieties of imitated products with only unskilled labour. Also there is a R&D sector developing
blue-prints of new products with skilled labour as the only input. However, imitation is costless.
It is shown that an increase in skilled (unskilled) labour endowment raises (lowers) the rate of
growth, raises (lowers) the skilled-unskilled wage ratio, and lowers (raises) the level of social
welfare. However, an increase in the rate of imitation raises this growth rate, lowers the skilled-
unskilled wage ratio, and raises the level of social welfare.

In section 5.3, we extend the basic model developed in section 4.1. We here introduce
endogenous imitation and assume the existence of a social institution that has control over this
endogenous imitation. This social institution produces an imitation preventing public good with
skilled labour as the only input. It is shown that an increase in skilled (unskilled) labour
endowment raises (has no effect on) the rate of growth and raises (lowers) the skilled-unskilled
wage ratio. However, an improvement in the imitation preventing efficiency of the public good
raises the skilled-unskilled wage ratio though it has no effect on growth rate. A change in skilled
labour endowment or a change in unskilled labour endowment has no effect on the imitation
rate. However, an improvement in the imitation prevention efficiency of the public good lowers
the imitation rate. We also analyse the effects of change in different parameters on the level of
social welfare.

Concluding remarks are in made in chapter 6.
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Chapter 2

Static competitive general equilibrium model

2.1 INTRODUCTION

In this chapter, we develop a static competitive general equilibrium model of a small
open economy in which skilled labour is mobile between a traded good sector and a non-traded
good sector. In reality, skilled workers are employed in various sectors; and a substantial part of
skilled labour is employed in sectors like education, health, and legal services etc. which
produce non-traded services. However, skilled workers are also employed in various
manufacturing units producing technologically sophisticated traded products and in various
service sectors providing different types of consultancy services to international organization.
The picture of employment distribution of skilled labour is common to different parts of the
globe. This motivates us to introduce inter-sectoral mobility of skilled labour between the
traded good sector and the non-traded good sector in this theoretical model.

A small set of existing works deals with the mobility of skilled labour between the
traded good sector and the non-traded intermediate good sector; and this set includes works of
Marijit et. al. (2004), Marjit and Acharyya (2006) and Kar and Beladi (2004). Marjit and Acharyya
(2006) develops a north south model with mobile skilled labour and non-traded intermediate
good but does not consider capital as a factor of production. Kar and Beladi (2004) assumes the
wage rate of skilled labour to be institutionally fixed and the non-traded intermediate good to
be used in fixed proportion to produce the final traded good. On the contrary, our model
analyses the role of inter-sectoral capital mobility and endogenous determination of skilled
wage rate. The model of Marjit et. al. (2004) is closest to ours but it assumes that the traded

good sector using intermediate good does not use capital as an input directly.

32



This is a three sector three factor model in which skilled labour is mobile between a
traded good sector and a non-traded good sector and unskilled labour is specific to another
traded good sector. Capital is perfectly mobile among all these three sectors. The degree of
skilled unskilled wage inequality is measured by the ratio of skilled wage to unskilled wage. We
examine the effects of change in different factor endowments and of globalization on the
degree of skilled-unskilled wage inequality. We find that the effect of a change of a factor
endowment on the skilled-unskilled relative wage depends on the factor intensity ranking
between two skilled labours using sectors and on the relative strength of the marginal effects
on demand for and supply of non-tradable good. We also find that a decrease in the price of
the traded good produced by skilled (unskilled) labour lowers (raises) the skilled-unskilled wage
ratio.

This chapter is organized as follows. Section 2.2 presents the basic model with full
employment of all factors and with exogenous supply of skilled labour. Sub-section 2.2.1
describes the model and sub-section 2.2.2 analyzes the effects of changes in factor
endowments. In sub-section 2.2.3, we analyze the effects of exogenous changes in prices of
traded goods. In section 2.3, the model is extended with endogenous supply of skilled labour;
and in section 2.4; we introduce unemployment in both the labour markets. Limitations of the

model are described in section 2.5.

2.2. The Basic Model:°

2.2.1 Description:

We consider a small open economy with three sectors and three factors- unskilled
labour, skilled labour and capital. Sectors 1 and 2 produce products using skilled labour and
capital as inputs; and sector U uses unskilled labour and capital as inputs. Production function
of each of the three sectors satisfies all standard neo-classical properties including CRS. Sectors
1 and U produce traded goods but sector 2 produces non-traded goods which is normal to the

consumers. All factor endowments are exogenously given. Capital is mobile among all three

? Gupta and Dutta (2010a) is partly based on the materials presented in this section.
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sectors; and skilled labour is mobile between sectors 1 and 2. However, unskilled labour is
specific to sector U. Factor prices in each of the three sectors are perfectly flexible and this
flexibility ensures full employment of all the factors. All markets are competitive. The
representative firm maximizes profit; and the representative consumer maximizes utility
subject to the budget constraint. If the sector 2 producing non-tradables is dropped then the
present model is reduced to Marijit and Kar (2005) model which is equivalent to a Jones (1971)
model with sector specific labour and capital mobility. If our sector 2 is dropped and if land is
introduced as another specific factor in sector U, this model is reduced to Yabuuchi and
Chaudhuri (2007) model.

We use the following notations.

P, = Effective producer’s price of ith commodity fori = 1,2, U.
Wy = Wage rate of skilled labour.
Wy = Wage rate of unskilled labour.
r = Common rate of return to capital in all the sectors.
D, = Demand function for commodity 2.
Y = Total factor Income.
X; = Level of output of ith sector fori = 1,2, U.
K; = Capital used in sectori fori = 1,2, U.
Si = Skilled labour used in sectori fori = 1,2.
S = Exogenously given endowment of skilled labour.
L = Exogenously given total labour endowment.
K = Exogenously given capital endowment.
ag = E—iifori =1,2,U.
as; = )S(—iifori =1,2.
Ly = =,
Xu
0; = a"iT‘:""forj = 5,K Landi=12U.
Ni o= Mforj=SKLandi=12U.

)1 j
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Sj}; = Elasticity of factor output coefficient of jth factor in hth sector with respect to

price of ith factor, forj,i = S,K,L and h = 1,2, U.For example,

She= (=) (B2), 55 = (32) (522) etc. sl > 0 for j # i; and St < 0.

asy dr asy 6Ws

~ dx . .
X = ~ - Relative change in x.

Following equations describe the model.

P, = ag1Ws + akqr (2.2.1);
P, = ag;Ws + ager (2.2.2);
Py = ayWy + agyr (2.2.3);
D,(P,,Y) = X, (2.2.4);
Y= WsS+rK+ Wy(L—S) (2.2.5);
ag1 Xy +agX; =S (2.2.6);
agXy =L-S (2.2.7);
and

a1 Xq + agXy +agyXy = K (2.2.8).

Here equations (2.2.1), (2.2.2) and (2.2.3) represent profit maximizing conditions of
competitive firms in sectors 1, 2 and U. Equation (2.2.4) implies the supply-demand equality in
the market of the nontraded good. Equation (2.2.5) represents total factor income (national
income at factor cost in the absence of taxes and subsidies on factor income) and equations
(2.2.6), (2.2.7), and (2.2.8) stand for equilibrium conditions in factor markets.

In this model, P; and Py are internationally given, but P, is endogenously determined by
demand-supply mechanism. There are eight unknowns in the model: Wy, Wy, 1, P,, X4, X5, Xy
and Y. Parameters of this system are: P, Py, L, S and K. There are eight independent equations
with eight unknowns. The production structure does not possess the decomposition property;
and so factor prices cannot be solved independent of factor endowments.

The working of the general equilibrium model is described as follows. Two input prices Wg and
r are determined from equations (2.2.1) and (2.2.2) simultaneously as functions of P,. Then,
from equation (2.2.3), we obtain Wy as a function of P,. As factor prices are determined, so all
the factor output coefficients are also determined as functions of P,. Now, from equation
(2.2.7), we can obtain Xy; and then equations (2.2.6) and (2.2.7) simultaneously solve for X;
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and X, as functions of P, given L, S and K. Then, from equation (2.2.5), we can find Y as
function of P,. Since Y and X, are determined as functions of P,, so, from equation (2.2.4), we
can solve for P,.

Differentiating equations (2.2.1), (2.2.2), (2.2.3) and using profit maximizing conditions,

we obtain following equations.

051 Ws + B F =P, (2.2.1-A);
05, W5 + Bx,f =P, (2.2.2-A);
and

By Wy + Oxuf =Py (2.2.3-A).

Using equations (2.2.1), (2.2.2), (2.2.3), (2.2.5), (2.2.6), (2.2.7) and (2.2.8), it can be easily shown
that

Y =P X, + PX;, + PyXy -

Here the RHS represents the aggregate sales revenue (national income at product prices in the

absence of commodity taxes and subsidies).

2.2.2 Changes in factor endowments:-

We do not consider any change in trade and fiscal policies in this section. So P, = P; =
0. We analyze the effects of changes in factor endowments. We consider the followings: (i) An
exogenous increase in capital stock resulting either from foreign capital inflow or from domestic
capital accumulation. (ii) An exogenous expansion of the education sector transforming
unskilled labour into skilled labour; and (iii) An exogenous decrease in labour endowment
caused by international labour migration. Changes in factor endowments, with given product
prices, affect the output composition of the economy on the basis of intersectoral factor
intensity ranking among different sectors; and these effects are known as Rybczynski effects in
the literature. These effects are important here too. However, we do not highlight these effects
in this chapter because our focus is limited to the analysis of skilled-unskilled wage inequality.

Using equations (2.2.1-A) and (2.2.2-A), we obtain

W = — % (2.2.9);
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(2.2.10).

Here, |6] = 65,0k, — 05,0k;.Mathematical sign of |8]| indicates the capital intensity ranking

between the two skilled labour using sectors.

Then, using equations (2.2.3-A) and (2.2.10), we obtain

—~. 0 B¢ =~
WU - KU YsS1

oy 18] 2
Hence, using equations (2.2.9) and (2.2.11), we have

Py

Ws - WU = - [9K19U - eKU951]
616y

(2.2.11).

(2.2.12).

Equation (2.2.12) shows that the magnitude of the rate of change of the skilled-unskilled

wage ratio depends on the magnitude of the rate of change of the price of the non-traded

good; and the nature of their relationship is conditional on the capital-intensity ranking of the

three sectors. If |0] and (0k,0y — OkyBs1) are of same (opposite) sign, skilled-unskilled wage

ratio varies inversely (directly) with the price of the non-traded good. Effect of any parametric

change on (%) operates through its effect on P,.
U

Now putting the expression of Xy from equation (2.2.7) in equation (2.2.8) and then

differentiating equations (2.2.6) & (2.2.8) and solving the differentials by cramers rule, we

obtain®®

1

R, =
27

where,
Al = As1Ak2 — Akils2

and

M = = [Bia {As1 (ca Sks + A Sks) ~Aca (s Sds + As2S%s))

+951{7\K1 (As1Ssk + As2S8k) — 7\51(7\K1511<K + A2 Sk + AkuSKk — }\KUSI[JJK)}

Oku®
1 (AcuSHy = Sxy) 2252 > 0.

1% petailed derivation of equation (2.2.13) is given in Appendix (2.A).
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Mathematical sign of |A| indicates the capital intensity ranking between the two
skilled labours using sectors. Interpretations of |A| and |0]| are identical. As a factor endowment
is changed, given P,, factor prices are also changed; and this leads to changes in factor output
coefficients. This brings a further change in the production of the non-traded good which in
turn alters equilibrium value of P,; and this change in P, alters the level of production of the
non-traded good again altering the factor prices and factor output coefficients. For example,
when capital endowment, K, is increased, given other factor endowments and prices, r falls but
both Wy and Wy, rise. So the production processes of all three sectors become more capital
intensive. Thus ag; will rise and ag; will fall fori = 1,2, U. So the level of production of X, goes
up (down) when sector 2 is more capital intensive than sector 1; and this is followed by a
change in P,. This increase in K may cause the excess demand for the non-traded good move in
any direction because it raises its supply as well as its demand at given P,. So the equilibrium
value of P, may go either way. This change in P, alters the level of production of X, again
altering the factor prices and factor-output coefficients. Similar effects are obtained when other
factor endowments are increased. So the change in the factor endowment causes change in the
production of the non-traded good directly and also indirectly through change in its price. M
captures the indirect effect on change in its production through change in its price, P,.
Following three terms By;{As1 (Ag1Sks + Ax2Sks) — Ax1(As1Sss + As2585)3, Bs1{As (As1S8k +

Bxu®
As2SEx) — 7\51(7\1(1511(1( + Ak2SEk + AkuSkk — AKUSEK)} and 7\51(7\KUSEU - SSAKU) %

capture the indirect effects on the change in production of the non-traded good due to change

in Wg, r and Wy, respectively caused by the change in P,.

Now, differentiating equation (2.2.4), we obtain

ep, P+ em, ¥ = X, (2.2.4-A).
Here ep,< O represents price elasticity of demand for the non-traded good and ey,> 0

represents its income elasticity of demand. Then, differentiating equation (2.2.5), we obtain

WsS
Y

Wyl
Y

WyS
Y

-~ ~ . rK /=~ A -~ . ~ .
V= ="(5+ Ws) + 5 (R+7) + == (0 + Wy) === (5 + Wy) (2.2.5-A).
Putting the expressions of W, W, &  from equations (2.2.9), (2.2.10), and (2.2.11) in

equation (2.2.5-A) we find that
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Y= T( _W_S)S+TL+7K_P2T (2.2.5-3).
Here
1 Wss Wu(L S)Oku

captures the effect of the change in production of the non-traded good on the factor income
through change in its price; and it is always ambiguous in sign.

Now, putting expressions of Y & X, from equations (2.2.5-B) & (2.2.13) in equation
(2.2.4-A) we find that

[K (}ﬂ ~ M, Y) L ( s e, %) +5 {aUXUIM (As12kuS = A (L= 9)) =

[A| ayKJA|
eMstS _ m .
MW (1 WS)}] (2.2.14);
where
D = epz - eMZT - M (2215)

Finally we use the stability condition in the market for commodity 2 to show that D < 0;

and this stability condition, with D, = X, is given by

)

NN
|
.:U)|><)

I\

<0 (2.2.15-A).

o)

Equation (2.2.15-A) implies that D < 0; and this can be shown using equations (2.2.13), (2.2.5-
B)and (2.2.15)forK=L =S8 =0.

Equation (2.2.14) shows how the equilibrium price of the non-traded good is affected by
the exogenous changes in the capital stock,K, labour endowment,L, and skilled labour

endowment, S. Combining equations (2.2.12) and (2.2.14) we can analyze the effects of
parametric changes on (%) According to the factor price equalization theorem, changes in

U

factor endowments have no effects on factor prices. However, in this model, validity of this
theorem is lost due to the presence of a specific factor and of a non-traded good. Any

parametric change in factor endowments affects the price of the non-traded good; and this, in
turn, affects the skilled-unskilled wage ratio. We assume that (—WS) >1 in the initial
0]

equilibrium; and the comparative static effects do not reverse this inequality.
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2.2.2.1 Effects on Wage inequality:-

Case-1-

It is assumed that Oy > Ok4. This means that the unskilled labour using sector is more
capital intensive than the skilled labour using sector producing traded goods. This assumption is
borrowed from Marjit and Kar (2005) and Chaudhuri and Yabuuchi (2007) model. This is divided
into two sub-cases.

Sub case- 1(A):-

Here we consider that |A| > 0, or, equivalently, |8] > 0.This implies that the skilled

labour using non-traded goods sector is more capital intensive than the skilled labour using

traded goods sector.

We first consider K > 0 with L = S = 0 .In this case, the effect on (W — Wy;) depends
on the mathematical sign of ( m ) Here equations (2.2.12) and (2.2.14) show that
- A oA K _ Py .
K>0withL=S= Oandwﬁh(w eMZ%) 20=>P,s0=>W;—W; sO0.

Ak1
Here, ﬁ represents the marginal supply response on the non-tradable sector with respect to a

. . . . . rk . . .
change in capital stock given its product price. em, 3 1S the corresponding marginal demand

effect that takes place through an increase in rental income. If the increase in capital stock
takes place through foreign capital inflow and if the entire foreign capital income is repatriated,
then its marginal demand effect is nil. However, this marginal demand effect is positive in the
case of domestic capital accumulation.

Equations (2.2.12) and (2.2.14), with K = S = 0, show that

L<0=>P,<0=>Wg—W; <0.

These two equations, with L. = K = 0, show that

S > 0 with ASleUS <A(L=8)=>P,>0=>Ws— W, > 0.

Here = w (ASleUS — A (L— S)) represents the marginal supply response on the

non-traded good sector due to change in the skilled labour endowment with given P,. Here,

Al >0 and Ag;AkyS < Ak1(L —S) implies that this marginal supply effect is negative.
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eMzSWS
Y

when Wy < W,

(1 - %) represents the marginal demand effect due to change in S; and this is positive
S

So we can establish the following proposition.

PROPOSITION-2.2.1: If the skilled labour using traded good sector is most labour intensive of all

the three sectors, then, given other parameters, (i) a decrease in labour endowment lowers the
skilled unskilled wage ratio; (ii) an increase in skilled labour endowment, with an initial low level
of skilled labour endowment, raises the skilled unskilled wage ratio; and (iii) an increase in
capital stock raises (lowers) the skilled unskilled wage ratio if the marginal demand effect of
capital accumulation on the non-traded good sector exceeds (falls short of) its corresponding
supply effect.

A decrease in the labour endowment, which basically implies a fall in unskilled labour
endowment as the skilled labour endowment is fixed, results from an emigration of unskilled
labour. This leads to the contraction of the unskilled labour using sector U; and hence the
demand for capital in this sector is reduced. This, in turn, raises the capital availability for the
two skilled labour using sectors. As sector 2 producing non-traded is more capital intensive than
sector 1 producing traded good, the level of output of this capital intensive sector is increased
given the price of the non-traded good. This is consistent with the Rybczynski effect. This
decrease in labour endowment lowers the total factor income; and hence the demand for the
non-traded good falls given its price. So an excess supply is created at the initial equilibrium
price; and the price of the non-traded good falls in the new equilibrium. This leads to a
decrease in the rental rate on capital, r, following a Stolper-Samuelson effect because the non-
traded goods sector is more capital intensive than the traded good sector. Then both W5 and
Wy should rise to satisfy the competitive equilibrium conditions. The effect on the skilled-
unskilled wage ratio crucially depends on the differences between rates of increase in Wy and
Wy. Wage rate, being equal to the marginal productivity of labour of the representative profit
maximizing firm, varies positively with the capital labour ratio. By assumption, sector U is more
capital intensive than sector 1. So the rate of increase in Wy is more than that in Wg; and this

implies that the skilled unskilled wage ratio is reduced in this case.
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On the other hand, an increase in the skilled labour endowment caused by educational
development policies produces two opposite effects on the level of production of the non-
traded good, given the product price. Directly, this leads to an expansion of sector 1 and a
contraction of sector 2 at given P, because sector 2 is more capital intensive than sector 1. This
takes place following the Rybczynski effect. However the increase in skilled labour endowment
implies a decrease in the unskilled labour endowment because total labour endowment is
given; and this implies a contraction of sector U. So the demand for capital is reduced in this
sector; and this, in turn, raises the capital availability for the two skilled labour using sectors. As
sector 2 is more capital intensive than sector 1, the level of production of sector 2 is increased
following the Rybczynski effect. If initially the skilled labour endowment is very low, then the
proportionate increase in skilled labour endowment is more than the proportionate decrease in
the unskilled labour endowment. So finally we find a contraction of sector 2. The increase in
skilled labour endowment also raises the total factor income because the skilled wage rate is
always higher than the unskilled wage rate in equilibrium. So the demand for the non-traded
good rises; and an excess demand is created at the initial equilibrium price. So the price of the
non-traded good rises in the new equilibrium; and this raises the skilled-unskilled wage ratio.

An increase in capital endowment raises the level of output of sector 2 because the
sector 2 is more capital intensive than sector 1. This is consistent with the Rybczynski effect. If
the increase in capital stock takes place through foreign capital inflow and if the entire foreign
capital income is repatriated, then its marginal demand effect is nil. However, if it is increased
through domestic capital accumulation, then the rental income goes up and the demand for
non-tradable is increased. If the marginal effect on demand for non-tradables due to capital
accumulation exceeds (falls short of) its corresponding supply effect, then price of the non-
traded good rises (falls); and accordingly, the skilled-unskilled wage ratio goes up (down).

Sub case- 1(B):-

Here we consider that |A| < 0, or equivalently, |0] < 0. This implies that the skilled
labour using non-traded goods sector is more labour intensive than the skilled labour using
traded goods sector.

Then equations (2.2.12) and (2.2.14) show that

42



K>0withL=S=0=P,>0=>Ws—-W; <0.

Here|A|< 0; and so ()ILKI

em, Y) < 0. This implies that the marginal supply effect of
capital accumulation on the non-traded good sector is always negative. However, its marginal
demand effect is positive; and hence the marginal effect on excess demand is always positive.
So the price of the non-tradable must rise in this case.

While analyzing the effects of the change in labour endowment, we find that the nature

of the effect depends on the mathematical sign of ( 7\51 + ey, WYL) It represents the

uKI|A|

marginal effect on the excess demand for non-tradables with respect to change in the labour

endowment, given the product price, P,. Here, )\51 represents the marginal effect on its

KI7\|
Wyl . .
supply; and ey, ~ stands for the marginal effect on its demand.

Here,

L<0,withR =5 = 0andwith— s, S ey, ==, > P, S 0= Ws — Wy 20.

Also, using equations (2.2.12) and (2.2.14), it can be shown that
S > 0, with L = K = 0 and with Ag;AxyS > A (L—95),= P, > 0=> Wy — Wy, < 0.
This leads to the following proposition.

PROPOSITION-2.2.2: If the skilled labour using traded good sector is more labour intensive than

the unskilled labour using traded good sector and is less labour intensive than the skilled labour
using non-traded goods sector, then, given other parameters, (i) a decrease in labour
endowment raises (lowers) the skilled-unskilled wage ratio if its marginal demand effect on non-
traded goods sector exceeds (falls short of) its corresponding supply effect, (ii) an increase in
skilled labour endowment, with a high initial level of skilled labour endowment, lowers the
skilled-unskilled wage ratio, and (iii) an increase in capital stock lowers the skilled-unskilled
wage ratio.

A decrease in the labour endowment causes contraction of the sector U and raises the
capital availability for the two skilled labour using sectors. Sector 2 being less capital intensive
than sector 1 experiences a contraction given the price following the Rybczynski effect. This
also lowers the factor income and consequently the demand for the non-traded good at its
given price. If the marginal effect on demand for non-tradables due to the decrease in labour
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endowment exceeds (falls short of) its corresponding supply effect, then the price of the non-
traded good falls (rises) and hence the skilled-unskilled wage ratio is increased (decreased)
accordingly.

Here also an increase in the skilled labour endowment leads to an expansion of the less
capital intensive sector 2 at given P, following the Rybczynski effect. However, the associated
decrease in the unskilled labour endowment lowers the demand for capital in sector U and
raises the capital availability for sectors 1 and 2. So the level of production of the skilled labour
intensive sector 2 is decreased. If initially the skilled labour endowment is very high, finally we
find a contraction of sector 2. The factor income is also increased because the skilled wage rate
is higher than the unskilled wage rate. So the demand for the non-traded good rises given its
price; and hence the price of the non-traded good rises in the new equilibrium. This, in turn,
lowers the skilled-unskilled wage ratio.

An increase in capital endowment lowers the level of output of the relatively labour
intensive sector 2 following the Rybczynski effect. In the case of foreign capital inflow, the
demand effect on the non-traded good sector is nil. However, this demand effect is positive in
the case of domestic capital accumulation. So an excess demand is created given the price; and
the price of the non-traded good rises in the new equilibrium. As a result, the skilled unskilled
wage ratio is reduced in this case; and the rate of reduction is higher in the case of domestic
capital accumulation.

Case-2-

Now we turn to the opposite assumption which states that Oy < 8k;. This implies that
the unskilled labour using traded good sector is less capital intensive than the skilled labour
using traded good sector. Marjit and Kar (2005) consider this case but Yabuuchi and Chaudhuri
(2007) do not consider this case. However, this is more sensible assumption from the view
point of empirical reality. Agricultural sector and urban informal sector in a less developed
economy are dependent on unskilled labour; and they are more labour intensive than the
organized industrial sector that employs skilled labour. This case is also divided into two sub-

cases.

Sub case- 2(A):-
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Here |A| > 0, or, equivalently |8] > 0. So equations (2.2.12) and (2.2.14) show that

rk

K> 0 with L.

S = 0 and with (%— em, 3

)205P, 50> Ws— Wy 20;
L<owithk=S=0=P,<0=>Ws—W; >0;

and

S > 0 with K = L. = 0 and with Ag;AgyS < A1 (L—S) =P, > 0= Wy — Wy < 0.
So we have the following proposition.

PROPOSITION-2.2.3: If the skilled labour using traded good sector is more capital intensive than

the unskilled labour using traded good sector but is less capital intensive than the skilled labour
using non-traded good sector, then, given other parameters, (i) a decrease in labour
endowment raises the skilled unskilled wage ratio; (ii) an increase in skilled labour endowment,
with a low initial level of skilled labour endowment, lowers the skilled unskilled wage ratio; and
(i) an increase in capital stock lowers (raises) the skilled unskilled wage ratio if the marginal
demand effect of capital accumulation on the non-traded good sector exceeds (falls short of) its
corresponding supply effect.

A reduction in the labour endowment raises the capital availability for the two
skilled labour using sectors through the contraction of sector U. So the level of output of the
capital intensive sector 2 is increased given its price. The decrease in factor income lowers the
demand for the non-traded good given its price. So the price of the non-traded good falls in the
new equilibrium. Rate of increase in Wy is less than that in Wg because sector U is less capital
intensive than sector 1. Hence the skilled unskilled wage ratio is increased.

An increase in the skilled labour endowment leads to a contraction of the capital
intensive sector 2 at given P,. However, the associated decrease in the unskilled labour
endowment causes contraction of sector U and raises the capital availability for the two skilled
labour using sectors; and this, in turn, causes expansion of the capital intensive sector 2. If
initially the skilled labour endowment is very low, finally we find a contraction of sector 2. The
increase in factor income takes place due to skilled unskilled wage gap; and this raises the
demand for the non-traded good. So the price of the non-traded good rises in the new

equilibrium causing the skilled-unskilled wage ratio to fall.
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An increase in capital endowment raises the level of output of the relatively capital
intensive sector 2. In the case of foreign capital inflow (domestic capital accumulation), its
demand effect is nil (positive). If the marginal effect on demand exceeds (falls short of) its
corresponding marginal supply effect, then price of the non-traded good rises (falls) lowering

(raising) the skilled-unskilled wage ratio.

Sub case- 2(B):-
Here |A| < 0 ,or, equivalently, |0] < 0. So equations (2.2.12) and (2.2.14) show that

K>0withL=8=0 =P, >0=>W; - Wy > 0.

The nature of the effect of a change in L on (%) depends on the mathematical sign of

U

agyL WylL .
(—aUKIAI As1 + em, ~ ) Here equations (2.2.12) and (2.2.14) show that
Wyl

E<0withK=§=0andwith—aK—UL)\Sl§eMZT

ayKJA|

Also equations (2.2.12) and (2.2.14) show that

$§2§0$W5—WU§0

S > 0 with, K =L = 0 and with Ag;AxyS > A (L—=S) =P, > 0= Wy — Wy > 0.
This leads to the following proposition.

PROPOSITION-2.2.4: If the skilled labour using traded good sector has the highest capital

intensity, then, given other parameters, (i) a decrease in labour endowment lowers (raises) the
skilled-unskilled wage ratio if its marginal demand effect on the non-traded goods sector
exceeds (falls short of) its corresponding marginal supply effect; (ii) an increase in skilled labour
endowment, with a high initial level of skilled labour endowment, raises the skilled-unskilled
wage ratio; and (iii) an increase in capital stock raises the skilled-unskilled wage ratio.

A decrease in the labour endowment causes contraction of sector U and raises the capital
availability for the two skilled labour using sectors. Sector 2 being less capital intensive than
sector 1 experiences a contraction given the price. This also lowers the factor income; and
consequently the demand for the non-tradable is reduced at the given price. If the marginal
effect on demand for non-tradable exceeds (falls short of) its corresponding marginal supply
effect, then price of the non-traded good falls (rises) causing the skilled-unskilled wage ratio to

decrease (increase).
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Here also an increase in the skilled labour endowment leads to an expansion of the
skilled labour intensive sector 2 at given P,. However, the associated decrease in the unskilled
labour endowment lowers the demand for capital in sector U and raises the capital availability
for sectors 1 and 2. So the level of production of the skilled labour intensive sector 2 is
decreased given P,. If initially the skilled labour endowment is high, then finally we find a
contraction of sector 2. The factor income is also increased because the skilled wage rate is
higher than the unskilled wage rate; and so the demand for the non-traded good rises given its
price. Hence the price of the non-traded good rises in the new equilibrium raising the skilled-
unskilled wage ratio.

An increase in capital endowment lowers the level of output of the relatively labour
intensive sector 2. In the case of foreign capital inflow (domestic capital accumulation) the
demand effect is nil (positive). So an excess demand is created given the price; and the price of
the non-traded good rises in the new equilibrium raising the skilled unskilled wage ratio.

It should be noted that neither Marjit and Kar (2005) nor Yabuuchi and Chaudhuri
(2007) considers a skilled labour using non traded good sector and the intersectoral mobility of
skilled labour. Skilled labour is specific to a traded good sector in each of these two models. So
comparative static results in those two models do not depend on factor intensity ranking

between two skilled labour using sectors.

2.2.2.2 Effects on total factor income:-

Now we consider the effects of changes in factor endowments on the total factor
income. Total factor income is the most important component of national income; and is
identical to the latter in the absence of taxes and subsidies. Hence it is the most important
determinant of social welfare in a small open economy given the policy parameters. Effects of
changes in factor endowments on social welfare are qualitatively similar to corresponding
effects on national income.

Using equations (2.2.14) and (2.2.5-B), we obtain

47



V= [ -5 - e T R[S+ Sl e S B[S (1-5) -

%{aU; o (As12kuS — Aa (L —9)) — eMZ%(1 - \‘//vv_[:)}]g (2.2.5-C).

Equation (2.2.5-C) shows how total factor income is affected by exogenous changes in
the capital stock, K, labour endowment, L, and skilled labour endowment, S. Here, the sign of T
is always ambiguous.

Here equation (2.2.5-C) shows that

R > 0 with T §=0andwith[%zg{’l‘§ll sz}]:Y 0.

A K .. . . .
Here —{ﬁ — ey, %} represents the indirect effect of an increase in K on Y through change in

P,; and — shows the corresponding direct effect. As T is ambiguous in sign, so is also = {}Kll
Kk . . . . -
em, %} If the direct effect of the increase in K on Y is stronger (weaker) than the indirect

effect, then Y is increased (decreased).

Equation (2.2.5-C) also shows that

WyL T { agyL WUL}] 534
Yot > I st + em, 2l 59 < 0.
Y = 7 D lagkp St tem, ~y g =

E<O,withﬁ=§=0and[
Wyl - . .
aTMl}\Sl + em, T} represents the indirect effect of an increase in L on Y

through change in P,; and TU shows the corresponding direct effect. Here also the sign of

T L Wyl . . . . . .
D{;Klgll As1 + ewm, TU} is ambiguous. So, if the direct effect of a decrease in L is stronger

(weaker) than the indirect effect, then Y falls (rises).

The same equation, with . = K = 0, shows that

S>OW|thWSS(1—w)2I

ws) <D {aUXU|)\| (As1AkuS — A (L—9)) — M (1 — ﬂ)} =>Y=0.

Ws

T
Here, —

: D{ auXg ] (As12kuS = M (L= 9)) = eMzﬂ(l—%)} represents the indirect

S

effect of an increase in S on Y through change in P,; and E(1—WU

—) shows the
Y Wy

corresponding direct effect. Here also the sign of %{m(‘/\sp\ms— )\kl(L—S))—

e wu)) . . . .
%(1 —WU)} is ambiguous; and so a stronger (weaker) direct effect makes Y increase
S

(decrease) with increase in S.
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How strong is the possibility of the direct effect dominating the indirect effect? It
depends on the mathematical sign of T, which, in turn, depends on the nature of the capital
intensity ranking between the two skilled labour using sectors, i.e., on the mathematical sign of

18].

2.2.3 Effects of changes in product prices:-

In this section, we want to analyze the effects of various trade and fiscal policies. Changes in
fiscal instruments affect the system through changes in prices of traded goods. Any
globalization programme, that lowers the tariff rate on imports, also lowers the effective
producers’ price of the import-competing product. We do not consider any change in factor
endowments in this section. So L =S = K = 0. Changes in product prices of traded goods
affect the factor prices. When factors are perfectly mobile among sectors, these effects are
known as Stolper-Samuelson effects. Equations (2.2.1-A) and (2.2.2-A) clearly show that there is
a Stolper-Samuelson subsystem in this model and these effects on Wy and r can be easily

derived. Then, using equations (2.2.1-A) and (2.2.2-A), we obtain

& _ P1Bga—P,0k, .
e (2.2.9.1);

and

p = P2951|;::'1952 (2.2.10.12).

Using equations (2.2.3-A) and (2.2.10.1), we obtain

~ §_U_ Oxy 5 _ —~

Wy = 52 _eU|e|(951P2 Os,P;) (2.2.11.1).

Hence, using equations (2.2.9.1) and (12.2.1.1), we have

&~y _ P1 _ 6kubsz\ _ P2 _ Bgubsi] Py

Ws — Wy = o) (exz og ) ol [6K1 oy ] oy (2.2.12.1).

Now putting the expression of Xy from equation (2.2.7) in equation (2.2.8) and then
differentiating equations (2.2.6) and (2.2.8) and solving the differentials by cramers rule, we

obtain®!

" Detailed derivation of equation (2.2.13.1) is given in Appendix (2.B).
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22 = Mz’pl + Nz’pz - OZ’P\U (22131) ;
where,
M, = IOIIKI [0k2{Ak1 (As1S&s + As2S3s) —As1 (AkaSks + Ak2S&s)}
+052{As1 (Ak1 Sk + Az Sk + AkuSik — AkuSuk) — Ak (s2Ssk + As2S8K) }
_ U _ cU)Okubs2
At (Sky — SY) 2 | <o,
N, = |9||7n| [0k 1{ As1 (Ax1Sks + Ak2Sks) — Aka (As1S3s + As2555)}
+651 {Ak1 (As2 S8k + As2S8k) — As1(Aka Ski + AkzSkk + AkuSrk — AkuSuk)}
U _ cU)5kubs1
+As1Aku(SRy — Su) oy ] >0,
and,
1
0, = m}‘SI}‘KU(SgU —S§) > 0.

Existing mathematical Sign of O, holds provided |8] > 0 or equivalently |A|] > 0. If
|8] < 0, then it's mathematical sign is reversed. But signs of M, and O, hold regardless of the
mathematical sign of |0| because |0] and |A| are always of same sign.

We can easily show that (M, + N, — 0,) = 012, It means that the general equilibrium
supply function of the non-traded good is homogenous of degree zero in terms of absolute
prices of all the commodities. Here, N, is the own price elasticity of its supply; and M, and O,
are two cross price elasticities of its supply.

Then, differentiating equation (2.2.5) and assuming that L = S = K = 0, we obtain
7= HSqp 4 D 4 MO W, (2.2.5-A-1).

Putting the expressions of W, Wy & from equations (2.2.9.1), (2.2.10.1), and
(2.2.11.1) in equation (2.2.5-A.1) we find that
Y =Q,P, —R,P, + T, P, (2.2.5-B.1);
where

K -S)e
Q= 2 Wssexz—r_esz +M952],

10] Y Yoy
_ 1 WsS WU(L—S)GKU
R, = = |20y, — 505, + U2 |,
16l Yoy

21t is proved in Appendix (2.C).
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and

_ Wy(L-9)
- YOy ’

Tz

We can easily show that (Q, — R, + T,) = 113. This means that national income (total
sales revenue) is linearly homogenous in terms of all commodity prices. This must be true
because Walras law is satisfied here and the supply function of every commodity is
homogenous of degree zero in terms of all absolute prices. Here, Q,, R, and T, represent
elasticities of aggregate revenue function with respect to prices — P;, P, and Py. Q, and R, are
ambiguous in sign and T, > 0.

Putting the expressions of Y & X, from equations (2.2.5-B.1) and (2.2.13.1) in equation
(4-A), we find that

P, = 7Z,P, + V,Py (2.2.14.1);
where
- M
ZZ = eMZQ]j2+ 2;
—em,T,—0
VZ = eMZ]jZ - ’
and
D= ep, — em,Rz — N, (2.2.15.1).

Here Z, and V, represent general equilibrium elasticities of excess demand for the non-
traded good with respect to P; and Py respectively.

Finally we use the stability condition in the market for commodity 2 to show that D < 0;

and this can be shown using equations (2.2.13.1), (2.2.5-B.1) and (2.2.15.1) for P, = P; = 0.

Here, Z, + V, = 1ifep, + ey, = 0. This can be easily shown by using expressions of Z,,
V,, Q,, T,, M, and 0, Here, ep, + ey, = 0 because the demand function for commodity 2 is
homogenous of degree zero in terms of its arguments; and such a demand function with zero
cross price elasticity of demand can be derived from a Cobb-Douglas utility function.

Here Q, > 0 implies that the total sales revenue falls with the decrease in P;. When

|8] > 0 with Q, > 0, it can be shown using expressions of Q,, T,, M, and O, that Z, > 0 and

B Itis shown in Appendix (2.C).
1t is shown in Appendix (2.C).
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V, > 0. This, in turn, proves that both Z, and V, lie between zero and unity because Z, + V, =
1. However, when 8] < 0, then along with Q, > 0, we need to assume that ey, T, > —0; in
order to prove that both Z, and V, lie between zero and unity. Here ey, T, > —0, implies
that the marginal decrease in demand for the non-traded good exceeds the marginal decrease
in its supply when Py is reduced. If 0 < Z,,V, <1, equation (2.2.14.1) implies that the rate of
change in the price of the non-traded good is a weighted average of the rates of changes in
prices of traded goods. Similar results are shown by Jones (1974) and Marijit (2003).
Also using equations (2.2.9.1), (2.2.11.1) and (2.2.14.1), we obtain

We = P1(8k2—6Ok1Z2) _ Ok1VaPy )
S 6] 16| ’

and

a7 _ Oku _ ) 1 BkuVelp
Wy = oule] {051Z; — 6523P; + {eU oulol }PU .

Now using equations (2.2.14.1) and (2.2.12.1), and using the relations
18] = Bs16k2 — Bs526k1 = Ok2 — Oku,
and
Bx108y — 0s16ky = Ok — Oku,

we can finally obtain the following.

~

—~ P Py [V
Ws — Wy = ——[(Bk, — Oku) — Z2(Bx1 — Oxu)] — = [—2 (Bk1 — Oku) + 1] (2.2.16.1).
1618y 0y L8]

Equations (2.2.14.1) and (2.2.16.1) are keys to analyze the effects of various trade and
fiscal policies on the skilled-unskilled wage inequality. Equation (2.2.14.1) shows how the
equilibrium price of the non-traded good is affected due to exogenous changes in prices of
traded goods. Equation (2.2.16.1) helps us to analyze the effects of parametric changes on the
skilled-unskilled wage ratio. Here the Stolper-Samuelson effects of changes in prices of traded

goods work through the indirect effects of the change in the price of the nontraded good.

2.2.3.1 Effects on Wage inequality:-

We consider the following alternative cases:

(I) |9| > Oand eKz > GKU > 9K1;
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(ll) |9| < Oand GKU > 9K1 > GKZ;

(III) |9| > (0 and GKZ > 9](1 > GKU;
and
(IV) |9| < 0 and 9K1 > GKU > eKz.

If0 < Z,,V, <1, then, in each of the four alternative cases, equation (16) shows that

P, <0 withP; = 0= Wg — Wy < 0;

and

Py <OwithP, =0=>Ws—W; >0.

So, combining the results obtained in all these four cases we can establish the following
proposition.

PROPOSITION-2.2.5: If 0 < Z,,V, < 1, then, given other parameters, a decrease in the price

of the product produced by skilled (unskilled) labour using traded good sector lowers (raises) the
skilled unskilled wage ratio.

If0 < Z,,V, <1, and if Z, + V, = 1, then the rate of change in the price of the non-
traded good is an weighted average of the rates change in prices of two traded goods. So a
decrease in the price of any of the two traded goods reduces the price of the non-traded good
at a lower rate when price of the other traded good is given. The condition that 0 < Z,,V, <
1, is satisfied regardless of capital intensity ranking between the two skilled labour using
sectors.

So, a decrease in P; lowers P, though the rate of change in P, is less than that in P;. This
leads to the contraction of each of the two skilled labour using sectors. So the demand for
skilled labour and capital are decreased in these two sectors. However, the demand for
unskilled labour rises because Py remains same and mobile capital move towards sector U. So
the skilled unskilled wage ratio is reduced.

On the other hand, the fall in Py also lowers P, at a lower rate; and this leads to the
contraction of both the sectors U and 2. So demand for unskilled labour is decreased. Demand
for skilled labour is reduced in sector 2 at a lower rate. Given P;, capital moves towards sector 1

and the demand for skilled labour is increased in this sector. So total demand for skilled labour
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is either increased or reduced at a lower rate than the rate of decrease in the demand for
unskilled labour. So the skilled unskilled wage ratio is increased.

The globalization programme leads to a decrease in the effective producers’ price of the
import competiting domestic product through reduction in the tariff rate on imports. Thus
globalization programme may lower (raise) the degree of wage inequality if the small open
economy is a net importer of the product produced by skilled (unskilled) labour; and this result
may be valid regardless of the capital intensity ranking among these sectors.

So globalization cannot explain simultaneous increase in wage inequality in all the
countries because, with the opening of trade, the relative price of the product produced by
skilled labour rises (falls) for the country who is net exporter (importer) of the product.
However, when 0 < Z,,V, < 1is not satisfied, the effects of a change in the terms of trade on

the skilled-unskilled wage ratio are conditional on the capital intensity ranking among different

sectors.
If0 < Z,,V, < 1is not satisfied, then we have following different cases summarized in
table 1.
Table: 1:- Effects on skilled unskilled wage ratio.
P; falls Capital intensity Z,>1,V, <0 7, <0;V, >1
given rankings |Z,] > 1 |Z,] <1
Py Ok2 > Oxy > Oxa Decrease Ambiguous Decrease
Oky > Ok1 > Ok2 Increase Decrease Ambiguous
Ok2 > Ox1 > Oku Ambiguous Decrease Decrease
Bk1 > Okuy > Ok2 Decrease Increase Ambiguous
Py falls Capital intensity 7, <0;V, >1 Z,>1,V, <0
given rankings Vo] >1 |V, <1
P Ok2 > Oxy > Oxa Ambiguous Increase Increase
Oky > Ok1 > Ok2 Increase Decrease Ambiguous
Bk2 > Ox1 > Oku Increase Ambiguous Increase
Bk1 > Okuy > Ok2 Decrease Increase Increase
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Results summarized in table 1 clearly show that we can explain the simultaneous increase in the
skilled-unskilled wage ratio in both the trading countries when the capital intensity ranking
between the skilled labour using traded good sector and the skilled labour using non-traded
good sector in those two countries are different and when the values of Z, and V, are also

different for them.

2.2.3.2 Effects on total factor income:-

We now analyze the effects of changes in prices of traded goods on the total real factor

income.

Using equations (2.2.14.1) and (2.2.5-B.1), we obtain

Y= (Q, —R,Z,)P, + (T, — R,V,)Py (2.2.5-C.1).
When Py = 0,and P, # 0,

Y-P, =[R,(1-7,) —T,]P; (2.2.5-D.1)
is a measure of the change in total real factor income.

Here Q, and R, are ambiguous in sign. Hence (? - E) is also so.

When P, = 0,and Py # 0,

Y-P, =[R,(1-V,) —Q,]Py (2.2.5-E.1)
is also ambiguous in sign.

A decrease in the price of the traded good produced by skilled labour lowers the price of
the non-traded good at a lower rate. When, |6| > 0, the rate of decrease in Wy is more than
the rate of change in r. Accordingly, W; can move in either direction. However, the final effect
on the total real factor income is conditional on the initial income share of different factors and
hence is ambiguous. Similar ambiguity remains even when |8| < 0 though the effects on factor

prices are reversed.
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2.3 The Model with endogenous supply of skilled labour: **

In this section, we extend the model of section 2.2 by introducing endogenous supply of
skilled labour. The supply of skilled labour is produced within the model using capital and skilled
labour. Here production of skilled labour means the transformation of unskilled labour into
skilled labour; and, in this static model, this transformation takes place instantaneouslyls. There
is an education sector in this model and it transforms the unskilled labour into a skilled one;
and this transformation technology requires capital and skilled labour as inputs.

This section is organized as follows. Sub-section 2.3.1 describes the model and sub-section 2.3.2
analyzes effects of changes in factor endowments. In section 2.3.3, we analyze the effects of

exogenous changes in price of traded goods.

2.3.1 Description:

We consider a small open economy with four sectors and three primary factors- labour,
capital and land. Sectors 1 and 2 produce products using skilled labour and capital as inputs;
and sector U uses unskilled labour and land as inputs. Here skilled labour is also produced
within the system using skilled labour and capital as inputs; and this is done in sector S. Here
production of skilled labour means the transformation of unskilled labour into skilled labour;
and, in this static model, this transformation takes place instantaneously. Production function
in each of these four sectors satisfies all standard neo-classical properties including CRS. Sectors
1 and U produce traded goods but sector 2 produces a non-traded good. All factor endowments
are exogenously given. Capital is mobile among sectors 1, 2 and S; and skilled labour is also
mobile among those three sectors. However, unskilled labour and land are specific to sector U.
Factor prices in each of these four sectors are perfectly flexible; and this flexibility ensures full

employment of all these factors. All markets are competitive. The representative firm

B Gupta and Dutta (2010b) is partly based on the materials presented in this section.

1% Skill formation takes place over time; and a dynamic model is more appropriate to deal with this issue.
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maximizes profit in each of these four sectors; and the representative consumer maximizes
utility subject to the budget constraint.

We use following additional notations. Other notations have their usual meanings as found in

section 2.2.

ag; = Skilled labour output ratio in ith sector fori= 1, 2, S.

aky = Land output ratio in sector U.

ay = Unskilled labour output ratio in sector U.

P, = Effective producer’s price of ith commodity for i=1, 2, S, U.

ry = Rate of return on land.

S = Level of skilled labour produced in the skilled labour producing sector.
L = Exogenously given total labour endowment.

Ky = Exogenously given amount of land.

Following equations describe the model

P, = agyWg + agqr (2.3.1);
P, = as;Ws + ag,r (2.3.2);
Py = Wy — Wy = agsWs + agsr (2.3.3)

Py = ayWy + agyry (2.3.4);
D,(P,,Y) = X, (2.3.5);
Y= WS+ rK+ Wy(L—-S) + ryKy (2.3.6);
ag1 Xy +agXy; +agsS =S (2.3.7);
ayXy=L-S (2.3.8);
ag1Xq + agX; +agsS =K (2.3.9);
and

axyXu = Ky (2.3.10)

Equations (2.3.1), (2.3.2), (2.3.3) and (2.3.4) represent profit maximizing competitive
equilibrium conditions in sectors 1, 2, S and U respectively. P = Wg — Wy implies that the
competitive education sector charges a price of educational service equal to the individuals
marginal benefit of acquiring education which, in turn, is equal to the skilled-unskilled wage

gap. Equation (2.3.5) stands for the supply demand equality in the market for non-traded good.
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Equation (2.3.6) represents total factor income; and equations (2.3.7), (2.3.8), (2.3.9) and
(2.3.10) indicate full employment equilibrium in factor markets.

In fact, equation (2.3.3) provide the micro foundation of skill formation in this static set
up. Using these two equations, we obtain
W5 = aggWg + agsr + Wy.

Here Wy is the opportunity cost of being educated and (agsWs + aksr) is average cost
of acquiring education. Hence, an unskilled worker sacrifices an amount of (agsWs + agsr +
Wy) while acquiring education. Wg is the amount he earns after being educated. The
representative worker prefers to be skilled (unskilled) if the skilled wage rate exceeds (falls
short of) his combined cost of acquiring education; and these two are equal in equilibrium. If
the supply of skilled labour is very low, then the marginal productivity of skilled labour in the
skilled labour using sector is very high. So the skilled wage rate will also be very high in the
competitive skilled labour market. On the other hand, supply of unskilled labour will be very
high leading to a low unskilled wage rate. So there will remain an incentive to acquire skill in
this case. This mechanism prevents the equilibrium supply of skilled labour from being zero.

In this model also, P, and Py are internationally given and P, is endogenously
determined. There are ten unknowns in the model: Wy, Wy, r, ry, P, , X4, X5, Xy, Sand Y. The
parameters of this system are: P;, Py, L, Ky and K. There are ten independent equations. The
production structure does not possess the decomposition property; and so factor prices cannot
be solved independent of factor endowments.

The description of working of this general equilibrium model is similar to that done in
earlier section. Two input prices Ws and ry are determined from equations (2.3.1) and (2.3.2)
simultaneously as functions of P,. From equation (2.3.3), we obtain Wy as a function of P,
.Then, from equation (2.3.4), we solve for ry as a function of P,. As factor prices are
determined, so all the factor output coefficients are also determined as functions of P,.Now,
from equation (2.3.10), we find Xy and from equation (2.3.8), we obtain S in terms of P,. Then,
from equations (2.3.7) and (2.3.9), we simultaneously determine X; and X; as functions of P,
given L, K and Ky. Then, from equation (2.3.6), we obtain Y as function of P,. Since Y and X, are

determined as functions of P,, so, from equation (2.3.5), we solve for P,.
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Differentiating equations (2.3.1), (2.3.2), (2.3.3), (2.3.4) and using profit maximizing

conditions we obtain following equations.

051 Ws + B, =Py (2.3.1-A);
05, Ws + Ok, =P, (2.3.2-A);
WsWs — WyWy = (Wg — Wy) [B85sWs + Bksf] (2.3.3-A);
and

ByWs + Bgufy = By (2.3.4-A).

Using equations (2.3.1), (2.3.2), (2.3.3), (2.3.4), (2.3.6), (2.3.7), (2.3.8), (2.3.9) and (2.3.10), it can
be easily shown that

Y =P X + PX; + PyXy + BsS.

Here also the R.H.S. represents the aggregate sales revenue (national income at product prices

in the absence of commodity taxes and subsidies).

2.3.2.Changes in factor endowments:-

Here also we do not consider any change in trade and fiscal policies. So P, = P; = 0ina
small open economy. We consider the effects of the followings one by one: (i) an exogenous
increase in capital stock resulting either from foreign capital inflow or from domestic capital
accumulation, (ii) an exogenous reduction in labour endowment caused by international labour
migration, and (iii) a land augmenting technical change in the form of irrigation development
and multiple cropping in the unskilled labour using agricultural sector. Then, using equations

(2.3.1-A) and (2.3.2-A), we obtain

W, = — % (2.3.11);
and
$ = PZ|§|Sl (2.3.12).

Here, |0] = 85,0k, — 05,0k,.Mathematical sign of |0| indicates the capital intensity ranking
between the two skilled labour using sectors, 1 and 2.

Then, using equations (2.3.3-A), (2.3.11) and (2.3.12), we obtain
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Wy = |Pe| [ Bs (XVVISJ - 1) - em] (2.3.13);

and, using equations (2.3.4-A) and (2.3.13), we obtain

Py = %e% [6xs (“jv"—z — 1) + 6 (2.3.14).

Hence, using equations (2.3.11) and (2.3.13) we have

s _ 1] (2.3.15).

Equation (2.3.15) shows that the magnitude of the rate of change of the skilled-unskilled
wage ratio depends on the magnitudes of the initial skilled-unskilled wage ratio and of the rate
of change in the price of the non-traded good. The nature of their relationship is conditional on
the capital-intensity ranking between sector 1 and sector 2. If |0] is positive (negative), skilled-

unskilled wage ratio varies directly (inversely) with the price of the non-traded good, P,. Effect
. . w .
of any parametric change in factor endowments on (W—S) operates through its effect on P,.
U

Using equations (2.3.10) and (2.3.8), we obtain

ayKy

S=L- (2.3.16).

aKu

Then using equations (2.3.7), (2.3.9) and (2.3.16), we obtain®’
/XZ = H1K - Ilt + ]1KU + /liz(pl (2317),
where,

Al = As1Ak2 — AxiAsz

_ As1

H
ST

>0,

(1-2ss) ags
L= o e T 4 s 28 >

(L-5) (1-2ss) ags
J1 = o {7\1(1 + A1 } >0,

and
1
1= Sl [7\51{(7\515116 + As2SEs + AssSks) Ok

—(7\515110( + As2Ski + 7\55315<K)951

-5 - 5t (0 (52~ 1) + 00) (1 -52)

KU

' Detailed derivation of equation (2.3.17) is given in Appendix (2.D).
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_7\K1{(7\s15§s + As2S3s + AssS3s) Ok — (As1S3k + As2S3k + AssSEk)Os1

D ) o (1) 0] (22~ 1) 0

Oxu

Existing mathematical signs of Hy, [; and ]J;are valid when |68| > 0, or, equivalently, |A|
> 0.1f |8] <0, or, equivalently, |A| < 0, then their mathematical signs are reversed. However,
the mathematical sign of @,holds regardless of the mathematical sign of |0| because |8| and
|A| are always of same sign.

Mathematical sign of |A| indicates the capital intensity ranking between the two skilled
labour using sectors. As the factor endowments change, factor output coefficients also change
through changes in factor prices; and this leads to a change in the general equilibrium supply of
the non-traded good. Also the demand for the non-traded good is changed; and this finally
leads to a change in P, which affects the supply again. So changes in factor endowments cause
changes in the production of the non-traded good directly and also indirectly through change in
the price of the non-traded good. Now, ¢ captures the indirect effect of change in production
of the non-traded good through change in the price of the non-traded good; and Hy, I; and J;
capture direct effects of change in K, L and Ky respectively.

Now, differentiating equation (2.3.4), we obtain
ep, P+ ey, ¥ = X, (2.3.5-A).
Here ep,< O represents price elasticity of demand for the non-traded good and ey,> 0

represents its income elasticity of demand. Then, differentiating equation (2.3.6), we obtain

T — WsS WsL o~ | (L=S)Wy 5 (Wy-Ws)(L-S) - K/ o ruKy /- -
V=W +—-L+=——"W, + - Ky +5 (F+K)+ = (fu +Ky) +
(Wy-Ws)(L-S) _ ~

- YS [(58 - SII(JU)VVU + (SIIJJK - SIIQJK)ru] (2.3.6-A).

Putting the expressions of W, f, W, & fy from equations (2.3.11), (2.3.12), (2.3.13) and
(2.3.14) in equation (2.3.6-A) we find that

Y= %E + %/K + % [ryKy + (Wy — W) (L — S)IKy + N;P,  (2.3.6-A-1);

where
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Ny = [—@emq.%eﬁ_W(SH—SEU){GKS(VVX—Z— )+9K1}(1+9%)_

ot (2 1) 2 2o (2 1) 0]

Changes in factor endowments cause change in the production of the non-traded good
directly and indirectly through change in its price. N; captures the effect of its change in
production on the total factor income through change in its price. The sign of N, is always
ambiguous. An increase in P, leads to increase in factor prices and decrease in other factor
prices depending on the factor intensity ranking among the sectors. So the net effect of a
change in P, on total factor income is always ambiguous.

Now, putting the expressions of Y&X, from equations (2.3.6-A-1) & (2.3.17) in
equation (2.3.4-A), we find that

P, = é [K (H1 —em, %) —L (11 + ey, %) + Ky {]1 —em, (rufu + (WU_V\;S)(L_S))}]

(2.3.18)

where
DW =ep +ey,N; — ¢, (2.3.19).

Finally, we use the stability condition in the market for commodity 2 which, with D, = X, is

given by
D %y,

This condition implies that DY < 0; and this can be shown using equations (2.3.17), (2.3.6-A-1)
and (2.3.19)forK=Ky =L = 0.

Equation (2.3.18) shows how the equilibrium price of the non-traded good is affected by
exogenous changes in capital stock, K, total land endowment, KU and labour endowment, L.
Equations (2.3.15) and (2.3.18) are keys to analyze the comparative static effects on skilled-
unskilled wage inequality with respect to changes in factor endowments. Any parametric

change affects the price of the non-traded good; and this, in turn, affects the skilled-unskilled

wage ratio. We assume that (W—S) < 1 in the initial equilibrium and comparative static effects

U

are too small to reverse this inequality.
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2.3.2.1 Effects on Wage inequality:-

Sub case-A:-

Here we consider that |A| > 0, or, equivalently, |B| > 0.This implies that the skilled
labour using non-traded goods sector is more capital intensive than the skilled labour using
traded goods sector.

We first consider K>0 withL = Ky; = 0.In this case, the effect on (Ws — Wy;) depends on

the mathematical sign of (H1 — ey, %) Here equations (2.3.15) and (2.3.18) show that

rk

K >0, with L = Ky = 0 and with (Hl—eMZ?)20,$§2§0=W5—WU§0-

Here, Hrepresents the marginal supply response on the non-traded good sector with
respect to a change in capital stock given its product price. ey, % is the similar marginal effect

on the demand for non-tradable; and this effect takes place through an increase in rental
income. If the increase in capital stock takes place through foreign capital inflow and if the
entire foreign capital income is repatriated, then its marginal demand effect is nil. However,
this marginal demand effect is positive in the case of domestic investment.

Equations (2.3.15) and (2.3.18), with K = Ky, = 0, show that

L<0=P,<0=> W — Wy<0.

Here the marginal supply effect on the non-traded good sector with respect to change in L is

denoted by the term |; of equation (2.3.17); and the corresponding marginal demand effect is
denoted by ey, # Both these two effects are positive.

These two equations, with L. = K = 0, show that

KU > 0 with {]1 — ew, I"U;(U — ey, w

}20=Ps0sW-Wyso0.
Here ];represents the marginal supply response on the non-traded goods sector due to

ryKy , (Wy-Wg)(L-S)
Y + Y

change in the land endowment, given P,. eMZ( ) represents the

i . i K . -
corresponding marginal effect on its demand. Here eMerTU represents the direct positive

marginal demand effect due to change in Ky. However, the change in Ky causes a change in S in
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(Wy—-Ws)(L-S)

> represents the indirect marginal demand effect due to

the opposite direction. ey,

change in Ky operating through change in S; and this effect is negative because Wy < Ws.
So we can establish the following proposition.

PROPOSITION-2.3.1: If the skilled labour using non-traded goods sector is more capital intensive

than the skilled labour using traded goods sector, then, given other parameters, (i) an increase
in capital stock raises (lowers) the skilled unskilled wage ratio if the marginal demand effect of
capital accumulation on the non-traded good sector exceeds (falls short of) its corresponding
supply effect, (ii) a decrease in labour endowment lowers the skilled unskilled wage ratio; and,
(iii) an improvement in land augmenting technology raises (lowers) the skilled unskilled wage
ratio if its net positive marginal demand effect on the non-traded good sector exceeds (falls
short of) its corresponding supply effect.

An increase in capital endowment, given other factor endowments and the price of the
non-traded good, raises the level of output of sector 2 which is more capital intensive than
sector 1. If the increase in capital stock takes place through foreign capital inflow and if the
entire foreign capital income is repatriated, then its demand effect is nil. However, if it is
increased through domestic capital accumulation, then the rental income goes up and the
demand for non-traded good rises at its given initial price. If the marginal effect on demand for
non-tradables due to capital accumulation exceeds its corresponding marginal supply effect,
then price of the non-traded good goes up; and this leads to an increase in the rental rate on
capital, r, and a decrease in the skilled wage rate, Ws, following a Stolper-Samuelson effect.
Then W\ should also decrease; and the decrease in Wy should be more than that in Ws to
satisfy the competitive equilibrium condition. Hence the skilled-unskilled wage ratio is
increased. The same logic explains why skilled-unskilled wage ratio falls when the marginal
effect on demand is nil, or, is positive but weaker than the corresponding supply effect.

A decrease in labour endowment may take place from international labour migration.
Given the stock of sector specific capital (land) used by the unskilled labour using sector,
demand for unskilled labour remains unchanged at the given price of the non traded good. So
the number of individuals available to acquire education is reduced in this case; and hence the

supply of skilled labour is decreased in competitive equilibrium. This raises the level of output
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of sector 2 at the given price because sector 2 is more capital intensive than sector 1. This
decrease in unskilled labour endowment also lowers the total factor income; and hence the
demand for non-traded good falls given its price. So an excess supply of non-traded good is
created at the initial equilibrium price; and hence the price of the non-traded good falls in the
new equilibrium. So the skilled unskilled wage ratio is reduced in this case.

An improvement in land augmenting technology takes place in the form of land
augmenting technical change. Irrigation development leading to multiple cropping is a land
augmenting technical progress in agriculture which is an unskilled labour using sector. This
raises the demand for unskilled labour and lowers the supply of skilled labour in the
competitive equilibrium. Thus the level of output of sector 2 is increased. However, this
increase in land endowment produces two opposite effects on total factor income. Rental
income on land is increased; but the labour income is reduced due to a decrease in the supply
of skilled labour. If the positive marginal direct effect on demand for the non-traded good
operating through the increase in rental income exceeds the negative marginal indirect demand
effect operating through the decrease in the consequent skilled labour supply, then the net
demand for the non-traded good rises at the given price. Finally, if the net positive marginal
effect on demand for the non-traded good exceeds (falls short of) its corresponding supply
effect, then the price of the non-traded good increases (decreases), and accordingly the skilled-
unskilled wage ratio rises (falls).

Sub case- B:-

Here we consider that, |A|< 0 implying |8|<0. This implies that the skilled labour using
non-traded goods sector is more labour intensive than the skilled labour using traded goods
sector. Then equations (2.3.15) and (2.3.18) show that
K>0withL = Ky = 0 = P, > 0= Wy — Wy<0.

Here|A|< 0; and hence H; < 0. This implies that the marginal supply effect of capital

accumulation on the non-traded good sector is always negative. However, its marginal demand

effect is non-negative; and hence the marginal effect on excess supply denoted by (H1 -

rk) . .
e, 7) is always negative.
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The effect of the change in labour endowment, L, depends on the mathematical sign of

WsL . .
(11 + ey, TS) that represents its marginal effect on the excess demand for the non-tradable,
given the product price, P,. Here, I; represents the negative marginal effect on its supply

WsL . . .
because |[A|<0=1; < 0. ey, TS stands for the positive marginal effect on its demand. Here,

Wyl

L <0, with K = Ky = 0 and with —1; §eMZT,:>ﬁ2§ 0=>Ws — Wy =0.

Here, J; <0 because |A|< 0. So the marginal effect on the supply of non-tradables due to

change in land endowment is negative. Equations (2.3.15) and (2.3.18), with L = K = 0, show
that

ryKy n (Wy—Ws)(L-S)
Y Y

Ku>0WitheM2{ }>03§2>03W5—WU<0

This leads to the following proposition.

PROPOSITION-2.3.2: If the skilled labour using non-traded goods sector is more labour

intensive than the skilled labour using traded goods sector, then, given other parameters, (i) an
increase in capital stock lowers the skilled-unskilled wage ratio, (ii) a decrease in labour
endowment raises (lowers) the skilled-unskilled wage ratio if its marginal demand effect on non-
traded goods sector exceeds (falls short of) its corresponding supply effect, and (iii) an
improvement in land augmenting technology raises the skilled unskilled wage ratio if its positive
marginal direct demand effect on the non-traded good sector exceeds its negative marginal
indirect demand effect.

An increase in capital endowment lowers the level of output of the more labour
intensive non-traded good sector. If the increase in capital stock takes place through foreign
capital inflow, then its demand effect is nil. However, in the case of domestic capital
accumulation, the demand for non-tradable is increased. So the excess demand created at
initial price lowers its price in the new equilibrium; and hence the skilled unskilled wage ratio is
reduced.

A decrease in labour endowment lowers the supply of skilled labour; and this lowers the
level of output of the more labour intensive non-traded good sector at its initial price. The total
factor income is also reduced causing the demand for non-traded good to fall at the given price.

If the marginal effect on the demand for non-tradables exceeds (falls short of) its corresponding
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supply effect, then the price of the non-traded good falls (rises); and hence the skilled-unskilled
wage ratio is increased (decreased).

An improvement in land augmenting technology raises demand for unskilled labour and
hence lowers the supply of skilled labour in competitive equilibrium. This lowers the level of
output of the non-traded good. However, this produces two opposite effects on total factor
income raising landlords’ rental income and lowering labourers’ wage income; and hence the
net effect on demand for the non-traded good is ambiguous. If the net marginal demand effect
is positive, then an excess demand is created at the initial price; and hence the price of the non-

traded good rises in the new equilibrium. As a result, the skilled unskilled wage ratio is reduced.

2.3.2.2 Effects on skill formation and total factor income:-

2.3.2.2.1 Supply of Skilled Labour:-

We now analyze the effects of exogenous changes in factor endowments on the supply
of skilled labour. Differentiating equation (2.3.16) and then putting the expressions of
W,,#, W,,ty &P, from equations (2.3.11), (2.3.12), (2.3.13), (2.3.14) and (2.3.18), we obtain

[9p))

= (Hy — ew, ) Rt [+ 5y (1 + e, 7)) T -

[L S, R rUKU+(WU_WS)(L—S)

+om Ui —em, ( ” v )}] Ry (2.3.20);

where,

Ry =— %% (St — Sku) {eKS (“,/vv—lsj - ) + 91(1} (1 + GKU)

Here, |6] 2 0 = R; 2 0. An increase in one of the factor endowments, given others,
causes a change in the price of the non-traded good. R; captures the effect of this change in the
price of the non-traded good on the supply of skilled labour. Direct effect of a change in factor
endowment is obtained without altering P,; and the indirect effect works through the change in
P,.

Sub case- A:-
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Here |A| >0 implying |8| > 0; and hence R; > 0.
Then equation (2.3.20) shows that

R >0with L = Ry = 0 and with(H, — ey, 7) 205 2 0.

Here, —D(l) (H1 k)represents the indirect effect of an increase in K on S operating
through change in P,; and the corresponding direct effect is nil.
Equation (2.3.20), with K = Ky = 0, shows that

L<owith [+ =% (I, + ey, = )| 20550,

Here, I~ (I1 + ey, WY ) represents the indirect effect of a change in L on S operating

through change in P,; and = shows the corresponding direct effect. Here the sign of —~ Y] (11 +

WsL) . . . . . .
em, TS) is negative. So, if the direct effect of a decrease in L is stronger than the

corresponding indirect effect, then S is decreased.

Again, with L = K = 0, this equation shows that

ryKy

Ry > 0 with ]; < ey, (222 + SO and ryKy > (Wy — Ws) (L= ) =5 < 0.
Here, =5 {]1 em, (rU;(U + (WU_V\;S)(L_S))} represents the indirect effect of an increase

in Ky on S operating through change in P,; and ? shows the corresponding direct effect.

So we can establish the following proposition.

PROPOSITION-2.3.3: If the skilled labour using non-traded goods sector is more capital intensive

than the skilled labour using traded goods sector, then, given other parameters, (i) an increase
in capital stock raises (lowers) the supply of skilled labour if the marginal demand effect of
capital accumulation on the non-traded good sector falls short of (exceeds) its corresponding
marginal supply effect, (ii) a decrease in labour endowment lowers (raises) the supply of skilled
labour if its positive direct effect exceeds (falls short of) its corresponding indirect effect; and,
(iii) A land augmenting technical progress lowers the supply of skilled labour if its net positive
marginal demand effect on the non-traded good sector exceeds (falls short of) its corresponding

marginal supply effect.
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This proposition can be intuitively explained as follows. An increase in capital
endowment has no direct effect on the supply of skilled labour. However, it has an indirect
effect taking place through change in price of the non-traded good. If the skilled labour using
non-traded goods sector is more capital intensive than the skilled labour using traded goods
sector, then the price of the non-traded good is decreased (increased) in this case when the
marginal demand effect of capital accumulation on the non-traded good sector falls short of
(exceeds) its corresponding marginal supply effect. This fall (rise) in price lowers (raises) the
supply of skilled labour.

A decrease in labour endowment, given other factor endowments, lowers the supply of
skilled labour directly. However, it also causes a change in the price of the non-traded good in
the opposite direction; and thus supply of skilled labour is increased. Now, it is obvious that the
final effect will depend on the relative strength of the direct and indirect effects.

A land augmenting technical progress given other factor endowments, lowers the supply
of skilled labour directly. However, it also makes the price of non-traded good move in the
same direction if the net positive marginal effect on demand for non-tradables exceeds its
corresponding supply effect; and thus the supply of skilled labour is reduced indirectly.

Sub case- B:-

Here |A|< 0 implying |6]<0; and hence Ry < 0. Then equation (2.3.20) shows that
K>0withL =Ky =0=S5>0.

Equation (20), with K = Ky; = 0, also shows that

L<0 with =1, < eMZ#:S <0.

Again, with L = K = 0, this equation shows that

= .., L-S Ry ryKy , (Wy-Ws)(L-S) a
KU>OW|thT>m{]1_eM2( v + v )}=>S<0.

So we can establish the following proposition.

PROPOSITION-2.3.4: If the skilled labour using non-traded goods sector is less capital intensive

than the skilled labour using traded goods sector, then, given other parameters, (i) an increase
in capital stock raises the supply of skilled labour, (ii) a decrease in labour endowment lowers
the supply of skilled labour if its marginal demand effect on the non-traded goods sector
exceeds its corresponding marginal supply effect; and, (iii) a land augmenting technical
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progress lowers the supply of skilled labour if its direct effect exceeds corresponding indirect
effect through change in the price of the non-traded good.

This proposition can be intuitively explained as follows. An increase in capital
endowment has no direct effect on the supply of skilled labour. However, it has an indirect
effect taking place through change in the price of the non-traded good. Now, an increase in
capital endowment raises the price of the non-traded good which, in turn, raises the supply of
skilled labour. A decrease in labour endowment lowers supply of the skilled labour directly. It
also lowers the price of the non-traded good if its marginal demand effect on the non-traded
goods sector exceeds its corresponding supply effect. This, in turn, lowers the supply of skilled
labour. A land augmenting technical progress lowers the supply of skilled labour directly but its
indirect effect through change in the price of the non-traded good is ambiguous. So, if the
direct effect exceeds its corresponding indirect effect, then the supply of skilled labour is

decreased due to a land augmenting technical progress.

2.3.2.2.2 Total Factor Income:-

Let us now consider the effects of changes in factor endowments on the total factor
income which is the most important component of national income. There is no difference
between national income and total factor income in this model in the absence of taxes and
subsidies. Effects of changes in factor endowment on social welfare are qualitatively similar to
those on national income.

Putting the expression of P, from equation (2.3.18) in equation (6-A-1), we obtain

o |WsL WgL rk\1
V=[5 - g (1 o+ ew, 5) T [+ 5 (- e, T) R+
K (Wy-Ws)L-S\1 5
[ {ryKy + (Wy — Wg)(L —S)} + (1){ — ey, (FUYU +— )}] Ky (2.3.6-A-2);
Here, —~ e (H1 k)represents the indirect effect of an increase in K on Y through change in

K . i N, WsL
P,; and % represents the corresponding direct effect. ) (11 + em, ; )represents the

indirect effect of an increase in L on Y through change in P,; and TSL shows the corresponding
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direct effect. &{11 — ey, (FUKU + Wy Ws)L=S)

C )} represents the indirect effect of an increase
p® Y Y

in Ky on Y through change in P,; and %{rUKU + (Wy — Ws)(L — S)} shows the corresponding

direct effect. If the direct effect of an increase in K or L exceeds the corresponding indirect
effect, then total factor income is increased. However, this is not true for Ky where the direct

effect is also ambiguous in sign.

2.3.3.Changes in prices of traded goods:-

We now want to analyze the effects of various trade and fiscal policies. Changes in fiscal
instruments affect the system through changes in effective producers’ prices of traded goods.
Any globalization programme, that lowers the tariff rate on imports, also lowers the effective
producers’ price of the import-competing product. We do not consider any change in factor
endowments i.e.; L, Ky and K in this section. So L. = K; = K = 0. Then, using equations (2.3.1-

A) and (2.3.2-A), we obtain

(2.3.21);

(2.3.22).

Here, |0]is defined as in section 2.3.2. Then, using equations (2.3.3-A), (2.3.21) & (2.3.22), we

obtain
. p P
Wy = 5 [BksAz + Bicz] — 15 [BksAz + O] (2.3.23);
where,
= (Ws _
A2 - (WU ) >0

Using equations (2.3.4-A) and (2.3.23), we obtain

£, = L —2U_[pB, - B,C,] (2.3.24);

Oku  Oxuje
where,

B, = (BksA; + 6kz) >0
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and
Cz = (BgsAz + Okq) > 0.
Using equations (2.3.21) and (2.3.23), we have

OksAz

WS—WUZ 16|

[P, — Pi] (2.3.25).

Differentiating equation (2.3.16) and then putting the expressions of W, £, W, & £, from
equations (2.3.21), (2.3.22), (2.3.23) and (2.3.24), we obtain

g = Fz’pl - Gz’liz - EZ’P\U (2.3.26),
where,
_ U _cU
E, = (L-S) (Sku=Su) >0,
S Oku
E,B
F,=22>
2= 0
and,
_ ExCy
G, = 0] > 0.

Here, E,, F, and G, capture the effects on the relative change in S due to relative changes in Py,
P, and Py respectively.
Using equations (2.3.7), (2.3.9) and (2.3.16) we obtain®®
/XZ = 0(2/151 + TZ/ISZ + Bz/lsU (2327) ;
where,
1
X2 = el [As1{—AxsE2B; — (AssSks + As1Sks + As2Sks) Oz
+(AssSRi + As1Skk + As2Skk)0s2}
—Ax1{(1 = Ass)E;B; — (AssS3s + As1Sss + As2SEs) Ok
(AssSSk + As1Ssk + As2S8k)6s23] < 0,
1
T, = el [7\51{7\KSE2C2 + (7\5551525 + As1Sks + 7\525126)91(1
—(AssSkk + As1Skk + As2Skx)0s1)
—7\K1{—(1 — Ass)E,Cy + (Asssgs + As1Sss + 7\szsgs)elq

_(ASSSEK + As1Ssk + 7\52551()951}] ,

'® Detailed derivation of equation (2.3.27) is given in Appendix (2.E).
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and,

B2 = |17| [As1AksEz + Ak1(1 — Ags)Ez] > 0
Sign of B, holds provided |8] > 0, or, equivalently, |A| > 0. If |8] < O, then it’s sign is
reversed. However, signs of a, and T2 hold regardless of the sign of |8].

We can easily show that (a,+T, + ;) = 019, It means that the general equilibrium
supply function of the non-traded good is homogenous of degree zero in terms of absolute
prices of all the commodities. Here, T, is its own price elasticity of supply; and a, and 38, are
two cross price elasticities of supply.

Then, differentiating equation (2.3.6), we obtain

Wy(L-5) (L S) + v Ky £ WsS &

Py + -9 (2.3.6-B).

/Y\ - WSSWS + WU

Putting the expressions of WS, T, Wu& fy from equations (2.3.21), (2.3.22), (2.3.23) and
(2.3.24) in equation (2.3.6-B) we find that

’Y\ = Vz/pl - Wz/pz + lIJZ/liU (2.36'8'1);
where,
WsS Wss k Wy (L-S) ryKy Oy
V. 0 F ., + —
2= yjo k2 T T Yol 2 Y egull
Wss Wss Wy (L-S) _ ryKy Oy
W, = Y|6| Yier Okt T G2 = Y|e| e TTver 27Ty eyl
and
_ _ WsS ryKy
Y, = Y E, + Yoxry

We can easily show that (V, — W,+,) = 129, Here total factor income is equal to the
aggregate sales revenue. This means that the aggregate revenue function is linearly
homogenous in terms of all commodity prices. This must be true because walras law is satisfied
here and supply function of every commodity is homogenous of degree zero in terms of all
absolute product prices. Here, V,, W, and s, represent elasticities of aggregate revenue with
respect to prices — P;, P, and Py, respectively. Signs of V, W, and {1, are ambiguous because,

with change in the price of any commodity, some factor prices move in the same direction and

Yltis proved in Appendix (2.F).
2%t is shown in Appendix (2.F).
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other factor prices move in the opposite direction. So the final effect on total factor income is
conditional on the initial income share of different factors.
Now, putting the expressions of Y &X, from equations (2.3.6-B-1) & (2.3.27) in

equation (2.3.5-A), we find that

’152 - Yz’lil + Zz’liU (2.3.28),
where

Y2 = _eMZ\];2+ azl

ZZ — —eMngz‘FBz ’

and

D@ =ep —ey,W, — T, (2.3.29).

Finally we use the stability condition in the market for commodity 2 which, with D, =X, is

given by
D %y,

This condition implies that D? < 0; and this can be shown using equations (2.3.27),
(2.3.6-B-1) and (2.3.29) for P, = Py, = 0.

Now, Y, +Z, = 1if ep, + ey, = 0; and this can be easily shown by using expressions of
Y2, Z,,V;, 05, P, and B,21. Here ep, + ey, = 0 because the demand function for commodity 2
is homogenous of degree zero in terms of its arguments; and such a demand function with zero
cross price elasticity can be derived from a Cobb-Douglas utility function.

Here V, and i, are assumed to be positive. Hence Y, > 0 because o, < 0. Z, > O if
em, P2 > B;. If [6] <0, then B, < 0 and hence (elejJZ - Bz) must be positive. However, for
|6] > 0, (eM2L|Jz - 82) > ( appears to be a necessary condition to prove that Z, > 0. Then
both Y, and Z, should lie between zero and unity in this case if V, > 0, y, > 0 and ey, Y, > (3.
Then equation (2.3.28) implies that the rate of change in the price of the non-traded good is an
weighted average of the rates of changes in prices of traded goods. Similar results are shown by

Jones (1974) and Marjit (2003).

It is shown in Appendix (2.F).
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Also using equations (2.3.21), (2.3.22) and (2.3.28), we obtain

&7 _ P1(Bk2—Y50k1)  OkaZzPy,

Ws = 6l o]’

and

~ P Z,P

Wy = ﬁ [OksAz(1 —Yz) + (Bky — Yo0k1)] — TTlu(eKsAz + Ok1)-

Now, putting the expression of P, from equation (2.3.28) in equation (2.3.25), and using

the relations mentioned above, we can finally obtain

OksAz

WS—WUz 6]

[(Y, — 1P, + Z,By] (2.3.30).

Equations (2.3.28) and (2.3.30) are keys to analyze the effects of various trade and fiscal
policies on skilled-unskilled wage inequality. Equation (2.3.28) shows how the equilibrium price
of the non-traded good is affected due to exogenous changes in the prices of traded goods.

Equation (2.3.30) establishes the link between the change in the price of a traded good and the
change in the skilled-unskilled wage ratio. (%) < 1 in the initial equilibrium and the
U

comparative static effects do not reverse this inequality.

2.3.3.1 Effects on Wage inequality:-

Sub case-A:-
Here we consider |A| >0, implying |8 > 0. Equation (2.3.30) shows that
P, <O0withPyj=0=>Ws—Wy >0when0 <Y, <1;
and
Py <OwithP, =0=>Ws—W,; <0when0 < Z, < 1.
This leads to the following proposition.

PROPOSITION-2.3.5: If the skilled labour using non-traded goods sector is more capital intensive

than the skilled labour using traded goods sector and if 0 < Z,, Y, < 1, then, given other
parameters, a decrease in the price of the traded good produced by skilled (unskilled) labour

raises (lowers) the skilled unskilled wage ratio.
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If 0 <Z; Y>,<1,and Y, +Z, =1, then the price of the non-traded good, P,, is an
weighted average of prices of two traded goods. Hence the change in the price of any of these
two traded goods leads to a change in the price of the non-traded good in the same direction
but at lower rate.

A decrease in P; also lowers P,. However, the rate of change in P, is less than that in P;.
The decrease in P; given P, leads to a decrease in the skilled wage rate, Ws and an increase in
the rental rate on capital, r, following a Stolper-Samuelson effect because the non-traded goods
sector is more capital intensive than the traded good sector. Then Wy should also fall to satisfy
the competitive equilibrium condition in the education sector; and accordingly the skilled-
unskilled wage ratio should rise. On the other hand, a decrease in P, with given P; leads to an
increase in Ws and a decrease in r; and thus Wy rises. The increase in Wy is more than that in
W5 and so the skilled-unskilled wage ratio is reduced. As the rate of change in P, is less than
that in P4, the skilled-unskilled wage ratio is finally increased.

The fall in Py also lowers P, at a lower rate. The decrease in P, given P; leads to an
increase in Ws and a decrease in r following the Stolper-Samuelson effect. Then Wy should also
increase to satisfy the competitive equilibrium condition in the education sector; and the
increase in Wy should be more than that in W5, So the skilled-unskilled wage ratio is reduced.

The globalization programme leads to a decrease in the effective producers’ price of the
import competiting domestic product through reduction in the tariff rate on imports. Thus
globalization programme lowers (raises) the degree of wage inequality if the small open
economy is a net importer of the product produced by unskilled (skilled) labour and if the
skilled labour using non-traded good sector is more capital intensive than the skilled labour
using traded good sector.

Sub case- B:-
Here |A|< 0, or equivalently, |8|<0. Equation (2.3.30) shows that
P, <OwithPy=0=>Ws— Wy <0when0 <Y, <1;

and

Py <OwithP, =0=>Ws —Wy >0when0<Z, <1.

This leads to the following proposition.
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PROPOSITION-2.3.6: If the skilled labour using non-traded goods sector is more labour intensive

than the skilled labour using traded goods sector and if 0 < Z,, Y, < 1, then, given other
parameters, a decrease in the price of the traded good produced by skilled (unskilled) labour
lowers (raises) the skilled unskilled wage ratio.

A decrease in P; reduces P, at a lower rate. The decrease in P; with given P, leads to an
increase in Ws and a decrease in r because the non-traded goods sector is less capital intensive
now. Then Wy should also increase at a higher rate than Ws to satisfy the competitive
equilibrium condition in the education sector. Accordingly the skilled-unskilled wage ratio
should fall. However, the decrease in P, with given P, should produce an opposite effect on the
skilled-unskilled wage ratio following the same logic. As the rate of change in P, is less than the
rate of change in Py in this case, the skilled-unskilled wage ratio falls.

The fall in Py also lowers P, at a lower rate. The decrease in P, with given P; makes W5
fall and r rise and the rate of decrease in Wy to be higher that that of Ws. Accordingly the
skilled-unskilled wage ratio is increased.

Thus the globalization programme reducing the tariff rate on imports lowers (raises) the
degree of wage inequality if the importable is produced by skilled (unskilled) labour when the
skilled labour using non-traded good sector is more labour intensive than the skilled labour
using traded good sector.

Py

With the opening of trade between two countries, o rises for one country and falls for
U

the other. However, if we combine propositions 2.3.5 and 2.3.6, we can explain the
simultaneous increase in wage inequality in both the countries when the capital intensity
ranking between the skilled labour using traded good sector and the skilled labour using non-

traded good sector in one country is exactly opposite to that in the other country.

2.3.3.2 Effects on skill formation and total factor income:-

2.3.3.2.1 Supply of Skilled Labour:-
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Now we analyze the effect of the change in the price of a traded good on the supply of
skilled labour.

Putting the expression of P, from equation (2.3.28) in equation (2.3.26), we obtain

e _E _ P _ C2Z2) p
S=2(B, — CY)P, — E, (1+ = )Py (2.3.31).

Now, if |8] > 0, then B, > C,. Also 0 < Y,,Z, < 1; and E; > 0. So equation (2.3.30) shows that
P, <0, withP; =0and 6] >0, S < 0;

and
Py <0,withP, =0and 6] >0, S>0.
However, if |0] < 0, then the effect of a change in Py or P; on S is ambiguous. When |68| < 0,
we have B, < C,. However, we can not say anything about the sign of (B, — C,Y,) because 0 <

Y, <1 (according to our assumption). So the effect of a change in P; on S is indeterminate here.

18]

Also % < 0 but the sign of (1 + ) is not known. So the effect of a change in Pyon Sis also

ambiguous.
Now we can establish the following proposition.

PROPOSITION-2.3.7: If the skilled labour using non-traded goods sector is more capital intensive

than the skilled labour using traded goods sector and if 0 <Y,,Z, <1, then, given other
parameters, a decrease in the price of the traded good produced by skilled (unskilled) labour
lowers (raises) the supply of skilled labour. However, the effect is ambiguous in both these cases
when the factor intensity ranking is reversed.

Proposition-2.3.7 can be intuitively explained as follows. When the skilled labour using
non-traded good sector is more capital intensive than the skilled labour using traded good
sector, a decrease in P; also lowers the price of the non-traded good, P,. However, the rate of
change in P, is less than that in P;. So the rate of decrease in Ws is more than that in r.
However, W\ falls and ry rises. The decrease in Wy raises the demand for unskilled labour. This
lowers the supply of skilled labour.

On the other hand, a decrease in Py also lowers P, at a lower rate. The decrease in P,,
given P4, leads to an increase in Ws and a decrease in r following a Stolper-Samuelson effect.

Then Wy is increased to satisfy the competitive equilibrium condition in the education sector.
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Thus the real cost of unskilled labour, (%), is increased at a higher rate. This lowers the
0]

demand for unskilled labour which, in turn, raises the supply of skilled labour.

However, when the factor intensity ranking is reversed, the decrease in the price of a
traded good accompanied by a decrease in the price of the non-traded good at a lower rate,
makes the decrease in r more than that in Ws, due to magnification effect of price change.
However, the direction of change in Wy, is indeterminate; and the same is true to the direction

of change in the supply of skilled labour.

2.3.3.2.2 Total Factor Income:-

Now, we turn to analyze the effects of changes in P; or Py on total real factor income.

Putting the expression of P, from equation (2.3.28) in equation (2.3.6-B-1), we obtain

’Y\ = (VZ - W2Y2)’151 + (IIJZ - WZZZ)/PU (2.36'A'2)
We have already shown, using equation (2.3.6-B-1), that (V, — W,+ys,) = 1.
When By = 0,

Y-P, =[W,(1-Y,) —y,]P, (2.3.5-D.1)

is a measure of the change in total real factor income.

As V, W, and T, are ambiguous in sign, (? - ’}51) is also so.

When P, = 0, then

Y-Py=[W,(1-17,) —V]P (2.3.5-E.1)
is a measure of the change in total real factor income.

Here also, (? — ?U) is ambiguous in sign because V, W, and T, are also so.

A decrease in P; also lowers the price of the non-traded good, P,. However, the rate of
change in P, is less than the rate of change in P;. Now when, |8| >0, with given Py, we find that
the decrease in Ws is more than that in r. However, Wy always falls and ry rises; and initial
endowments of different factors are also given. So the final effect on factor income is

ambiguous depending on endowment levels of different factors. Thus, the effect on real factor
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income is also ambiguous. Similar ambiguity remains when |8| < 0. Ambiguity of the effects on

factor income due to change in Py can also be explained in the same manner.

2.4 The Model with unemployment: 22

This section is also an extension of the model developed in section 2.2. Here we
consider unemployment of both types of labour; i.e., skilled labour and unskilled labour; and
introduce efficiency wage hypothesis to explain unemployment in each of the two labour
markets. In reality, there is unemployment of labour; and, in theory, this unemployment can be
explained by wage rigidity. For employers, the efficiency of the labourer is very crucial; and so
labourers are paid according to their efficiency. Involuntary unemployment of both skilled
labour and unskilled labour can be explained by efficiency wage hypothesis. Here, labour is
measured in efficiency unit, where efficiency of labour depends on wage, unemployment and
some other related factors; and one important determinant of efficiency is the relative wage
compared to average wage in the society. A low relative wage lowers the efficiency.

The seminal work on efficiency wage hypothesis appeared in the late 1950s (Leibenstein
(1957a, 1957b, 1958)); and since the mid-1970s we have witnessed a huge of interest in this
area (Mirrlees (1975), Rodgers (1975), Stiglitz (1976), Bliss and Stern (1978), Agarwala (1979),
Dasgupta and Ray (1986)). The period in between was not totally barren. Mazumdar (1959),
Ezekiel (1960), Wonnacott (1962) and also parts of Myrdal (1968) discuss this problem. In the
recent time efficiency wage literature includes works of Agell and Lundborg (1992, 1995), Feher
(1991) and Akerlof and Yellen (1990), Gupta (2000), Gupta and Gupta (2001) etc. In their
models, efficiency of labour depends also on rental rate of capital, unemployment benefit,
stock of knowledge along with wage rate and unemployment. But as they consider only one
type of labour, so they can’t explain skilled-unskilled wage inequality. Chaudhuri and Banerjee
(2010) introduce unemployment of both types of labour, where unemployment of skilled
labour is explained by efficiency wage hypothesis and that of unskilled labour by Harris-Todaro

(1970) type of migration mechanism. Micro foundations of such efficiency functions are

2 Gupta and Dutta (2011) is partly based on the materials presented in this section.
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available in Copeland (1989), Shapiro and Stiglitz (1984), Pisauro (1991), Gupta and Gupta
(2001) etc. Chaudhuri and Banerjee (2008) provides a micro foundation of nutritional efficiency
function which we do not consider here.

In this section our goal is to explain unemployment of labourer; we therefore consider a
simple efficiency function of labourer where efficiency of a labourer varies positively with its
wage rate and the unemployment rate in the labour market. The same efficiency function has
been considered for skilled labour as well as for unskilled labour only from the view point of
simplicity. Gini-Coefficient of wage income distribution is also considered as a measure of wage
income inequality in addition to the skilled-unskilled wage ratio.

We derive some interesting results from this model. First, when identical efficiency
functions are introduced in two labour markets to explain unemployment, then two dissimilar
countries may face similar movements in the skilled-unskilled average income ratio due to
opposite type of changes in a factor endowment or in the price of a traded good only if either
the sign of the effect on the excess demand function for the non-traded good or the capital
intensity ranking between the skilled labour using traded good sector and the non-traded good
sector in one country is opposite to that in the other country. However, when efficiency
functions are not identical for these two types of labourers, then we may succeed to explain
the simultaneous increase in the skilled-unskilled average income ratio in those two cases even
if these countries have identical demand functions for non-traded goods and identical factor
intensity rankings among different sectors. Secondly, different comparative static effects may
force the skilled-unskilled relative wage and the Gini-Coefficient of wage income distribution to
move in opposite directions in the presence of unemployment. However, in a full employment
model, these two measures always move in same direction. So, our present work justifies why
the skilled-unskilled relative wage may give us misleading ideas about the change in the degree
of wage income inequality in the presence of unemployment even though existing full
employment models rightly assume this relative wage as the appropriate measure of wage
income inequality.

This section is organized as follows. Sub-section 2.4.1 describes the model; and sub-

section 2.4.2 analyzes effects of changes in factor endowments on unemployment rate, skilled-
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unskilled relative wage, skilled-unskilled average income ratio and Gini-Coefficient of wage-
income distribution. In section 2.4.3, we analyze similar effects of exogenous changes in prices

of traded goods.

2.4.1 Description:

The description of this model is otherwise identical to that described in section 2.2 with
the exception that each of these two types of labour is measured in efficiency unit. There exists
unemployment in both these two labour markets; and these are explained by the efficiency
wage hypothesis®® which states that the efficiency of either type of labourer varies positively
with its wage rate and unemployment rate?®.

We use following additional notations.

h = Efficiency of the skilled worker.
f = Efficiency of the unskilled worker.
% = Wage rate per efficiency unit of skilled labour.
% = Wage rate per efficiency unit of unskilled labour.
= Exogenously given endowment of skilled workers.
N = Exogenously given endowment of unskilled workers.
Vg = Unemployment rate of skilled workers.
vy = Unemployment rate of unskilled workers.

Following equations describe the model

w

Pl = a51 (TS) + aKlr (2.4.1);
w

PZ = dgp (TS) + Aol (242),
w

P; = a3 (TU) + agsr (2.4.3);

2 See works of Agell and Lundborg (1992, 1995), Gupta (2000), Gupta and Gupta (2001) and Chuadhuri and
Banerjee (2010).

* Our efficiency function is a special case of the more general efficiency function considered in the fair wage
hypothesis developed by Agell and Lundborg (1992, 1995) where rental rate on capital also appears as an
argument. Chaudhuri and Banerjee (2010) use this more general efficiency function.
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h= h(Ws, Vs) , with h1 > 0, h2 > 0 and h11 < O, h22 <0 (244),

f= f(Wu,Vu) ’ W|th f1 > O, fz > 0 and f11 < 0, f22 < 0 (2.45),
dh Wg .
e (2.4.6);
af Wy _ .
pral (2.4.7);
aK1X1 + aK2X2 + aK3X3 =K (248),
a51X1 + 352X2 = S(l - Vs)h (249),
aN3X3 = N(l - Vu)f (2410),
and
D, (P, Y) = X, (2.4.12).

Here equations (2.4.1), (2.4.2) and (2.4.3) represent profit maximizing conditions of
competitive firms in sectors 1, 2 and 3. Equations (2.4.4) and (2.4.5) represent efficiency
functions of skilled labour and unskilled labour, respectively. Each of these two efficiency

functions is a positive and concave function in terms of every argument. Effective unit costs of

S 9] S

employing skilled labour and unskilled labour are (WT) and (WT), respectively. (WT) is

minimized with respect to Wg and the first-order condition of minimization is given by equation

Wy

(2.4.6). Similarly (T) is minimized with respect to Wy and the first-order minimization

condition is given by equation (2.4.7). Equations (2.4.6) and (2.4.7) are basically two modified
Solow (1979) conditions implying that wage elasticities of efficiency are equal to unity in these
two labour markets. Equation (2.4.8) stands for equilibrium condition in the capital market.
Equations (2.4.9) and (2.4.10) are unemployment adjusted equilibrium conditions in the skilled
labour market and in the unskilled labour market, respectively. Equation (2.4.11) represents
total factor income (national income at factor cost in the absence of taxes and subsidies) and
equation (2.4.12) implies the supply-demand equality in the market of the non-traded good.

In this model, P; and P; are internationally given but P, is endogenously determined by the
demand-supply mechanism. There are twelve unknowns in the model: Wg, Wy, 1, h, f, vg, vy,
P,, X;, X,, X3 and Y. Parameters of this system are: P;, P;, N, S and K. There are twelve

independent equations with twelve unknowns; and so the system is determinate. The
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production structure does not possess the decomposition property; and so factor prices cannot
be solved independent of factor endowments.

The working of the general equilibrium model is described as follows. Ws, Wy, 1, h, f, vg
and vy are determined simultaneously from equations (2.4.1) to (2.4.7) as functions of P,. Now,
from equation (2.4.10), we can obtain X3; and then equations (2.4.8) and (2.4.9) simultaneously
solve for X; and X, as functions of P, given N, S and K. Then, from equation (2.4.11), we can
find Y as a function of P,. Since Y and X, are determined as functions of P,, we can solve for P,
from equation (2.4.12).

Differentiating equations (2.4.1), (2.4.2), (2.4.3) and using profit maximizing conditions, we

obtain following equations.

0s1(Ws —h) + 0, F =P, (2.4.1-A);
0s2(Ws —h) + 0,F =P, (2.4.2-A);
and

Ons(Wy —T) + Ogsf = P (2.4.3-A).

Differentiating equation (2.4.12), we obtain

ep, P+ ey, ¥ = X, (2.4.12-A).
Here ep, <0 and ey, > 0; and these two represent price elasticity of demand and income
elasticity of demand for the non-traded good, respectively.

Using equations (2.4.1), (2.4.2), (2.4.3), (2.4.8), (2.4.9), (2.4.10) and (2.4.11), it can be easily
shown that

Y =P X; + BX, + P3X;5.

This is the aggregate sales revenue (national income at product prices in the absence of

commodity taxes and subsidies).

2.4.2 Changes in factor endowments:-

Here also we assume that P, = P, = 0; and then analyze effects of changes in factor

endowments.
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The relative rate of change in the price of the non-traded good is derived as follows®.

= 5[R G- e ¥) N e, M0 S 0 - e 502)] a3

where
D=ep, +ey,E—-C (2.4.14).

Here a change in a factor endowment affects the disposable income of the
representative consumer; and thus affects the demand function for the non-traded good.

Similarly, this change affects the supply function of the non-traded good through reallocation of

. A K .
factors among different sectors. Here (ﬁ— em, %) represents the effect of a change in

As1Akz +

I My WUN(l_VU)} and

capital stock on the excess supply of the non-traded good. —{

Aka WsS(1-vs)
eM2 —Y

} represent similar effects with respect to changes in unskilled labour
endowment and skilled labour endowment respectively.

Here, |0| and |A| are defined as follows:

18] = 8510k — B520k1 and [A| = Agy Ak — Akilsz.

Mathematical signs of |0] and |A| indicate the capital intensity ranking between the two skilled
labour using sectors. So they are of same sign.

We use the stability condition in the market for the non-traded good to show that D < 0; and

this stability condition, with D, = X, is given by

)

23
I
P

<0 (2.4.14-A).

o)

Equation (2.4.14-A) implies that D < 0.

Equation (2.4.13) shows how exogenous changes in capital stock, K, unskilled labour
endowment, N, and skilled labour endowment, S, affect the equilibrium price of the non-traded
good. The direction of change in this equilibrium price depends on the sign of the

corresponding factor endowment effect on its excess demand function.

2.4.2.1 Effects on unemployment rate:-

% Derivation of equations (2.4.13) and (2.4.14) are given in the Appendix (2.G). Mathematical expressions of C and
E are also formally defined there.
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Relative rates of change in unemployment rate of skilled workers and unskilled workers are

given by following two equations?®.

o _ Pabiy .
U= (2.4.15);
and

oy = —Xs Os1p (2.4.16).

evyOnz 6] 2
Here, &y, (gy,) is the elasticity of the efficiency function of the unskilled (skilled) labour with
respect to unskilled (skilled) unemployment rate.

Using equations (2.4.13), (2.4.15) and (2.4.16), we obtain

9 = Ok1 [K (ﬁ — ey, %) N (7\51)\}(3 + ey, WUN(1—VU)) + ’S\{E — ey, WSS(l—VS)}]

" Dey|6] Al Al Y 1Al Y
(2.4.17);
and
o _ _ Ok3 051 [" (ﬁ _ ﬁ) N (7\517\K3 WUN(1—VU)) R {E _ Wss(l—Vs)}]
Y0 = oy om 1oy LUy ~ oMy ) TN tem Ty TS Ty
(2.4.18).

Here, equations (2.4.17) and (2.4.18) show how exogenous changes in capital stock, K,
unskilled labour endowment, N, and, skilled labour endowment, S, affect unemployment rates
of skilled workers and unskilled workers respectively. The sign of each of these endowment
effects depends on two features: (i) the capital intensity ranking between the two skilled labour
using sectors and (ii) the sign of the effect on the excess demand function for the non-traded

good.

2.4.2.2 Effects on skilled-unskilled relative wage:-

Relative rates of change in wage rates of skilled workers and of unskilled workers are

given by following two equation527.

P svsh

WS = mvs (2419),

%% Derivations of equations (2.4.15) and (2.4.16) are given in the Appendix (2.G).
%’ Derivations of equations (2.4.19) and (2.4.20) are given in the Appendix (2.G).
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and

Wy = —ul_g (2.4.20)
u-— f11(Wy)?2 Vu o '

Using equations (2.4.19) and (2.4.20), we obtain

A Gy eygh _ evgf .

A= WS WU = h11(Ws)2 Vg f11(Wu)2 Vu (2421)

w
where, A= —=.
Wy

Using equations (2.4.17), (2.4.18) and (2.4.21), we have

{( f91<39512>_( heKlest)}
~_ W\ fia(wy) h11(Ws) [" (7& _ ﬁ) N ()\Sl}\K3 WUN(1—VU)) & {k _
A= DI6]Ons KU —em ) = NT e = TS

WSS(l—Vs)}] (2.4.22).

M. Y
Here equation (2.4.22) shows how exogenous changes in K, N, and, S affect the skilled-
unskilled relative wage, A. The sign of the effect depends on three features: (i) capital intensity
ranking between sectors 1 and 2; (ii) efficiency adjusted capital intensity ranking between
sectors 1 and 3 who use two different types of labour with different efficiency functions; and

(iii) the sign of the effect on the excess demand function for the non-traded good.

_ f9K3 _ _ h9K1 . . . . . . .
{( —fll(WU)26N3) ( —hn(Ws)2651>} represents the efficiency adjusted capital intensity ranking

between sector 1 and sector 3.
Existing full employment models take skilled-unskilled relative wage as the only
measure of income inequality of workers. However, in the presence of unemployment, relative

wage is not an appropriate measure of wage income inequality.

2.4.2.3 Effects on skilled-unskilled average income ratio:-

The degree of skilled-unskilled wage income inequality may be measured by the skilled-
unskilled average income ratio; and the ratio of average income of skilled workers to that of

unskilled workers is defined as

Ws(1-vs)

R = .
Wy(-vy)
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Here, Wg(1 — vg) is the average income of skilled workers and Wy (1 — vyy) is the average
income of unskilled workers. The average income differs from the wage rate due to the
presence of unemployment. Chaudhuri (2004, 2008) and Beladi et. al. (2008), who consider
Harris-Todaro (1970) type of unemployment in the unskilled labour market and full
employment in the skilled labour market correctly measure the degree of income inequality by
the skilled wage to unskilled average income ratio. However, Chaudhuri and Banerjee (2010),
who introduce unemployment in both the labour markets, surprisingly use skilled wage to
unskilled average income ratio as the measure of income inequality ignoring the distinction
between the skilled wage rate and the average income of skilled workers.

The relative rate of change of the skilled-unskilled average income ratio is given as follows?.

B_Yy __9YS & 1% VU 5 —
R = WS (-vg) Vg WU + -vy) Vy
/152 Vu _ f _ Vg _ h
[0]6N3 [{(1—VU)€VU f11(WU)2} 9K3951 {(1—VS)€VS h11(WS)2} 9K16N3] (2'4.23).

where, P, is given by equation (2.4.13).

Equation (2.4.23) shows that the magnitude of the relative rate of change of the skilled-
unskilled average income ratio depends on the magnitude of the relative rate of change of the
price of the non-traded good; and the direction of their relationship is conditional on the
capital-intensity ranking among the three sectors and on the magnitude and the sign of the

following two crucial terms:

Vu _ S _ h
((1—vU>st fu(wU>2> and ((1—vS)svS hn(ws)Z)'
Combining equations (2.4.13) and (2.4.23) we can analyze the effects of parametric
changes on skilled-unskilled average income ratio. Any parametric change affects the price of

the non-traded good; and this, in turn, affects the skilled-unskilled average income ratio.

Here % is the reciprocal of the elasticity of the efficiency function of the unskilled
—VUJevy

labour with respect to unskilled labour employment rate and this always takes a positive sign.

However, Two? is the reciprocal of the elasticity of marginal efficiency of unskilled labour,
11 8]
i.e., W with respect to unskilled wage rate and this always takes a negative sign. Similarly,
8]

*® Derivation of equation (2.4.23) is given in the Appendix (2.G).
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Vs

e — is the reciprocal of the elasticity of the efficiency function of the skilled labour with
—VSJevg

. . - h .
respect to skilled labour employment rate which is always positive; and wor is the
11 S

. - . - . . dh .
reciprocal of the elasticity of marginal efficiency of skilled labour, i.e., W with respect to
S

. . . . Vu _ f Vs _
skilled wage rate which is always negative. So both ((1—VU)st f11(Wu)2> and (—(1_VS)SVS
m) are always positive.

We consider a special case where
vy f Vs h
((1_VU)£VU f11(WU)2> ((1—VS)9vS h11(Ws)2) « 0
This special case arises when the efficiency functions of two types of labour are identical.
Then equation (2.4.23) is reduced to the following.
ReWe e —YS oo W g YU _o — Pz _
R = WS —vg) Vg WU + —vy) Vu 1010n3 [9K3951 9K19N3]O( (2423R)

where, P, is given by equation (2.4.13).

Equation (2.4.23.R) shows that the sign of the relative rate of change of skilled-unskilled
wage ratio, R, depends on the sign of the relative rate of change of the price of the non-traded
good, P,, and on the capital-intensity ranking among the three sectors.

Equation (2.4.13) has already shown that the sign of P, depends on how a change in a factor
endowment affects the excess demand function for the non-traded good. So, in this special
case, countries with identical factor intensity rankings among different sectors and with
identical demand functions for non-traded goods must face similar (opposite) effects on skilled-
unskilled average income ratio with respect to change in factor movements if they play similar
(opposite) roles on international factor mobility. So, in this special case, we cannot explain the
simultaneous increase in the degree of wage inequality of a factor receiving country and a
factor exporting country when they have identical demand functions for non-traded good and
identical factor intensity rankings among different sectors. Developed and less developed
countries generally play opposite roles on international factor movements but empirical data
show that both have experienced increase in wage inequality. However, these empirical

findings can be explained in this special case of our model when either of these two conditions
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is satisfied: (i) the sign of the effect of a change in a factor endowment on the excess demand
function for the non-traded good in a factor exporting country is opposite to that in a factor
receiving country. (ii) the capital intensity ranking between skilled labour using traded good
sector and the non-traded good sector in one country is opposite to that in the other country®.
However, when efficiency functions are not identical for these two types of labourers, we

analyse the effect of change in K or N or S on R using equation (2.4.23). In this case,

vy f Vs h . .
— * — ; and these two crucial terms may take different
((HU)sVU f11(WU)2> ((1—vS)svS hn(ws)Z) y

values for different countries. So even if two countries are identical in terms of capital intensity
ranking among different sectors and in terms of properties of the excess demand function for

the non-traded good, they may have similar mathematical signs of R in this case as a

—~ —~ A h
consequence of opposite mathematical sighs of K or N or S when ( Vs — )
q pp g (1-vs)eyg  h11(Wy)?

Vu
(1-vyleyy  f11(Wy)?

exceeds ( ) in one country but falls short of the latter in the other country.

So, in this model, we may succeed to explain the simultaneous increase in wage inequality in
dissimilar countries playing opposite roles on international factor mobility even when they have
identical demand functions for non-traded goods and identical factor intensity rankings among
different sectors; and the root of our success lies in the difference of efficiency functions in two

labour markets*.

2.4.2.4 Effects on Gini Coefficient:-

We consider the Gini Coefficient of wage income distribution as a measure of income
inequality of working population; and this Gini Coefficient, denoted by G, is obtained as

follows>L.

_ (NVU +SVS){N (1—VU)+S(I—Vs)A}+NS(l—Vu)(l—Vs)(A—1)

G (N+S—1D{N(1-vy)+S(1-vs)A}

(2.4.24);

» Gupta and Dutta (2010a) have already emphasized on these two conditions to explain wage inequality in
dissimilar countries in a full employment model.

30 Gupta and Dutta (2010a) can not show this because they do not introduce efficiency wage hypothesis and
unemployment equilibrium.

*! Derivation of equation (2.4.24) is given in the Appendix (2.H).
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where

W
A= —,
Wy

If there is no unemployment, i.e., if vy = vg = 0, then, from equation (2.4.24), we have

Go_ NS
T (N+S—-1)(N+SA) ’

and, from this expression, we have

dG NS(N+S)
dA ~ (N+S—1)(N+SA)2

So the Gini-Coefficient varies positively with the skilled-unskilled relative wage in a full
employment model. This justifies why full employment models in the existing literature use
relative wage as the measure of wage income inequality.

This expression of G as given by equation (2.4.24) also represents the degree of inequality in
national income (wage income plus capital income) distribution of the entire economy when
capital stock is equally distributed among all workers.

Using equation (2.4.24), we obtain*?

G = A39y + B30s + C3A (2.4.25);
where,
A _ VU[NSZ(1—Vs)2A+2N2S(l—VU)(l—Vs)A+N3(1—VU)2] > 0
3~ GIN+S—1D{N(1-vy)+S(1-vg)A} ’
B. — vs[N2S(1—vy)?+2NS2(1—vy)(1-vg)A+S3 (1-vg)2A?] >0
37 GIN+S—1){N(1—-vy)+S(1—vg)A}2 ’
Cs = AINS(1-vy)(1-vs){N(1-vy)+S(1-vs)}] >0,

G(N+S—D{N(1-vy)+S(1-vg)A}2
and Vs, ¥y and A are given by equations (2.4.17), (2.4.18) and (2.4.22) respectively. Equation
(2.4.25) implies that the relative rate of change in the degree of income inequality of the
working class is explained not only by the relative rate of change in the skilled-unskilled wage
ratio but also by relative rates of change in unemployment rates of skilled workers and
unskilled workers. Here A3, B3 and C; represent elasticities of Gini-Coefficient of wage income
distribution with respect to unemployment rate in the unskilled labour market, unemployment
rate in the skilled labour market and skilled-unskilled relative wage respectively.

In a full employment model, vy = vg = 0; and these imply that A; = B; = 0. Also,

*? Derivation of equation (2.4.25) is given in the Appendix (2.H).
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C. = ANS(N+S)
3 7 G(N+S—1)(N+SA)2°

So, in this case, change in inequality is explained by change in relative wage only.
We analyse the effect of a change in K only and ignore the effects of changes in N and S. These
two effects are highly complicated because changes in N and S affect all frequencies of wage

income distribution in addition to unemployment rates and relative wages. So putting

N = S = 0 and using equations (2.4.17), (2.4.18), (2.4.22) and (2.4.25), we obtain®>
G=_FK (As1_ rk Ox30s1 0K160N3 ~
¢ = bivions (w ew, 7) [AB ey T D3, | T A (2.4.26),

where A is given by equation (2.4.22) for N = § = 0.

So a change in the capital stock affects the degree of income inequality of the workers in
two different ways: (i) through changes in unemployment rates in two labour markets and (ii)
through a change in the skilled-unskilled relative wage. The combined effect operated through
changes in unemployment rates of two types of workers is represented by the first term of the
R.H.S. of equation (2.4.26); and its second term shows the effect operated through change in
the skilled-unskilled relative wage. The effect of a change in K on the degree of wage income
inequality, as measured by the value of G, is not necessarily unambiguous in sign. Here the sign
of the effects on unemployment rates is independent of the capital intensity ranking between
sector 1 and sector 3 but the sign of the relative wage effect is dependent on this capital
intensity ranking. So the effect on G and A may move in opposite directions due to a change in
K.

No earlier work except Chaudhuri (2004, 2008), Beladi el. al. (2008) and Chaudhuri and
Banerjee (2010) analyses the problem of growing skilled-unskilled wage inequality in the
presence of unemployment using a static competitive equilibrium framework. However, none
of them uses Gini-Coefficient as the measure of income inequality. Our present work justifies
why the skilled-unskilled relative wage as a measure of wage income inequality may give us
misleading results in the presence of unemployment even though existing full employment

models rightly use this relative wage as the only measure of inequality. Our analysis suggests

** Derivation of equation (2.4.26) is given in the Appendix (2.H).
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that it should be replaced by the Gini-Coefficient of income distribution in the presence of

unemployment.

2.4.3 Effects of changes in prices of traded goods:-

We now turn to analyze effects of various trade and fiscal policies which affect the system
through exogenous changes in prices of traded goods. We assume that N =S =K =

Here, we find that®

P, =aP, + pP; (2.4.13.1);
where
& = ]z—el\szz :
D

5 LZ—eMZOZ

==,
and
D=ep, +em,8 -V (2.4.14.1).

Here, O represents the net effect of a change in P; on the excess demand for the non-traded
good and P represents the similar effect of a change in P;. Changes in prices of traded goods
cause reallocation of resources among different sectors and this affects the supply function of
the non-traded good. Similarly they affect factor prices and thus total disposable income of
consumers which in turn affects the demand function for the non-traded good.

We use the stability condition in the market for commodity 2 to show that D < 0.

2.4.3.1 Effects on unemployment rate:-

Relative rates of change in unemployment rates of skilled workers and unskilled workers are

given by following two equations®.

** Derivation of equations (2.4.13.1) and (2.4.14.1) are given in the Appendix (2.1). Mathematical notations like J2,

Y2, Lz, My, 8, and O, are also formally defined in the Appendix (2.1).
** Derivations of equations (2.4.15.1) and (2.4.16.1) are given in the Appendix (2.1).
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_ P20g1—P16k>

and
o _ _ Bk N
T (651P, — 65,P;) —— (2.4.16.1).
Using equations (2.4.13.1), (2.4.15.1) and (2.4.16.1), we obtain
‘75 — P (0k1—6Kk2)+P3B0Ok, (2.4.17.1);
ST
and
o _ _Pibks _ P;  (BOsiBks
Ty = o (@0, — 05} + stem{ " 1} (2.4.18.1).

Here, equations (2.4.17.1) and (2.4.18.1) show how changes in prices of traded goods
affect unemployment rates in the skilled labour market and in the unskilled labour market. So
how changes in P; and P; affect vg and vy would depend on the following two features: (i)
capital intensity ranking between sectors 1 and 2 and (ii) the sign and magnitude of the effects

on the excess demand function for the non-traded good.

2.4.3.2 Effects on skilled-unskilled relative wage:-

Using equations (2.4.21), (2.4.17.1) and (2.4.18.1), we have

~ Py [h(@Bg,—Ok2) f OK3 (— ] 5 [BOk1 h 1 f {EGS1GK3
=-1 — K3 (30, — Oc,}| + P - -1
181 hy (Ws)2  f15(Wy)? O3 (@651 — Os2} 31161 hy (Ws)2  Ons frs (W2 U 6] 3]

(2.4.19.1).
Here equation (2.4.19.1) shows how changes in prices of traded goods affect the skilled-
unskilled relative wage; and the nature of this effect is determined by the followings: (i) the
nature of the capital intensity ranking between sectors 1 and 2 (ii) the nature of the capital
intensity ranking between sectors 1 and 3 and (iii) the sign and magnitudes of the effects on

excess demand function for the non-traded good.

2.4.3.3 Effects on skilled-unskilled average income ratio:-
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We obtain the relative rate of change in the skilled-unskilled average income ratio, R, as

follows>®.

’pl Vs _ h _ Vu _ f —_
16]6n3 [{GKZGI\B ((1—Vs)€vs h11(Ws)2) OicaOs2 ((1_VU)£VU fll(WU)z)}
_ Vs _ h _ Vuy _ f —
* {9*‘191“ ((1—Vs)8vs h11(Ws)2) Oca0s1 <(1_VU)£VU fn<Wu)2)}]
P [B Vs _ h _ vy _ f v _
9N3 |6| {9K19N3 <(1_VS)SVS hll(WS)Z) eK3951 ((1_VU)£VU f11(WU)2>} + ((1_VU)£VU

fn(\fvu)z)] (2.4.20.1).

Equation (2.4.20.1) is used to analyze effects of various trade and fiscal policies on the
skilled-unskilled average income ratio because these trade and fiscal policies affect the system
through changes in effective prices of traded goods.

Here also, if efficiency functions of two types of labourers are identical, i.e., if

Vu _ f _ Vg _ h —
((1—VU)SVU f11(WU)2> ((1—Vs)€vs h11(Ws)2) «>0,

then, equation (2.4.20.1) is reduced to the following:

P _ P-[B
L [{Bk20n3 — Ok30s2} — A{Ok1On3 — Ok30s1}] — 2 [% {Bk16n3 — Ok3Bs1} + 1]

R 3
|818N3 On3

(2.4.20.1.R).

This equation (2.4.20.1.R) also shows that, when efficiency functions of two types
of labourers are identical, the sign and magnitude of the rate of change of skilled-unskilled
average income ratio, R, depends on the sign and magnitude of rates of change of prices of
traded goods, P, and P;, and on the capital-intensity ranking of the three sectors, and on
numerical values of @ and . Opening of trade produces opposite effects on P; and P; in the two
countries between whom trade is opened. Hence, if these two countries have identical excess
demand functions for the non-traded good and identical factor intensity rankings among
different sectors, then we can not explain the trade induced increase in wage inequality in both
the countries simultaneously when efficiency functions are same for both types of labour. Since

a always takes a positive value, inter-country differences in values of a does not affect the

* Derivation of equation (2.4.20.1) is given in the Appendix (2.1).
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mathematical sign of R. So, in this special case, the opening of trade can worsen the problem of
wage income inequality in both these two countries simultaneously only if they differ either in
respect of the sign of the effect on the excess demand function for the non-traded good or, in
respect of the factor intensity ranking between the traded good sector and the non-traded
good sector.

However, when efficiency functions are not identical for these two types of

labourers, then we analyse effects of changes in P; and P; on R using equation (2.4.20.1). In this

Vu f Vg h ) .
case, - * - ; and these two crucial terms may take
((1—vU)sVU fll(wU)Z) ((1—vS)svs AL Y

different values for different countries. So, in this case, even if the two countries are identical in

terms of all 6;; coefficients and in terms of the values of @ and B, they may have similar

mathematical signs of R as a consequence of opposite mathematical signs of P, and P; when

Vs h Vu f ) .
— exceeds — in one country but falls short of the latter
((1—vS)sVS hn(ws>2> ((1—vU)st f (Wy)2 y

in the other country. So we may succeed to explain the simultaneous increase in wage
inequality caused by the opening of trade in both the trading countries in this model even when
they have identical demand functions for non-traded goods and identical factor intensity
rankings among different sectors; and the necessary condition to attain this success is that

efficiency functions must be different in these two labour markets.

2.4.3.4 Effects on Gini Coefficient:-

Using equations (2.4.25), (2.4.17.1) and (2.4.18.1), we obtain

Vs

01 3 evyOns evyOnz L 6] evglO]

(2.4.21.1).
where, A is given by equation (2.4.19.1).
Equation (2.4.21.1) shows how changes in prices of traded goods affect the Gini

Coefficient of the wage income distribution of workers. The sign of effect of changes in P; and
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P; on the degree of wage income inequality, as measured by the value of G, depends on the
following three features: (i) capital intensity ranking between sectors 1 and 2; (ii) capital
intensity ranking between sectors 1 and 3; and (iii) the sign and magnitudes of effects on the
excess demand function for the non-traded good. Here also changes in P; and P; affect G
through changes in unemployment rates in two labour markets and through a change in the
skilled-unskilled relative wage; and the combined effect on G may be opposite to the individual
effect on the relative wage, A. This again justifies why the skilled-unskilled relative wage, often
used as the measure of income inequality in models of full employment, should be replaced by

the Gini- Coefficient of income distribution in the presence of unemployment.

2.5 LIMITATIONS

The model developed in the present chapter suffers from a set of limitations. It is a
static model where skilled labour and capital do not accumulate over time. In the basic model
developed in section 2.2, skilled labour and unskilled labour are assumed to be two different
primary factors of production. So the skilled unskilled wage ratio is basically a relative price of
two different primary factors of production. This is not the perfect way of modeling the
observed empirical phenomenon because, in the existing empirical discussions, the skilled
unskilled premium has been taken to be either graduate/non-graduate income difference or
non-production sector/ production sector wage difference®’. There are other limitations of this
model. The problem of imperfections of markets, though exists in reality, is not considered
here. We ignore cross price effects on the demand for the non-traded good. We do not analyze
the role of sector specific capital. Role of backward institutions on unskilled labour using sectors
is also ignored. We rule out the possibility of induced migration caused by interregional or
rural-urban wage gap as analysed by Harris and Todaro (1970), Corden and Findlay (1975) etc.
This is an important point because, in reality, there is inter regional variation in the wage rate of
either type of labour. We rule out the possibility of unemployment of labour both in section 2.2

and section 2.3.

" All other theoretical models face same limitation.
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In section 2.4 of this chapter, we introduce involuntary unemployment equilibrium in
both the labour markets and explain unemployment using efficiency wage hypothesis. In that
section, identical efficiency function has been considered for skilled labour as well as for
unskilled labour only from the view point of technical simplicity. Few authors®® think that
nutritional efficiency functions are relevant for unskilled workers who often lie below the
poverty line. According to the nutritional efficiency function, efficiency varies positively with
level of consumption of food. If food is a normal good, then efficiency should vary positively
with the wage rate and inversely with the unemployment rate; and an inverse relationship
between unemployment rate and efficiency must affect the results of the present model to
some extent. Major results of the model would also change marginally if we introduce Harris-

Todaro type of unemployment in the unskilled labour market®”.

38 See, for example, Chaudhuri and Banerjee (2008).
* see, for example, Chaudhuri and Banerjee (2008,2010).

98



Appendix (2.A):

Derivation of equation (2.2.13)

Totally differentiating equation (2.2.6), we have

7\51’)21 + }\SZ’XZ = g - }\51351 - 7\52352 (22A1)

Each of the factor output coefficients is a function of prices of factors employed in that sector,
for example, ag; = ag;(Ws, ). Thus, the rate of change of that coefficient is expressed as

dgy = SgsWs + SgkT',

Wg 6a51 1 r 6a51 . . . N
where, Si. = (—) ( ) and Sqx = |— ) {—=). Similarly we can derive ag,.
1 2SS asy aWS SK asy dar y S2

Using all these expressions of the rate of change of factor output coefficients and equation
2.2.A.1), we obtain

As1Xy + A52Xz = S — (As1Sss + As2585)Ws — (As1 S5k + As2S5x)T (2.2.A.2).
Now, putting the expressions of Wy and  from equations (2.2.9) and (2.2.10) in equation

(2.2.A.2), we obtain

A1 Xy + A%y = S+ l%l (0, A — 05,B) (2.2.A.3).

Here,

A = (Ag;S3g + Ag2S%5) < 0 ;
and

B = (Ag1Sak + As2S3K) > 0.

Now, from equation (2.2.7), we obtain

Xy = &5 (2.2.A.4).

ay
Putting this expression of Xy in equation (2.2.8) and then totally differentiating equation (2.2.8)
and thereafter using the expressions of the rate of change of factor output coefficients and

finally putting the expressions of Wy and f from equations (2.2.9) and (2.2.10), we obtain

~

% T . P _ OkuBs1 vy _ akul ¢ , akul
Mafi + AR, = R+ 2 (eKlF 851G + 2 H) L+ S (2.2.A.5).

Here,

F = (Ak1Sks + Ak2Sks) > 0;
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G = (AksSkk + Ax2S&k + AkuSrk — AkuStk) < 0;
and,
H = ()\KUSII'(JU —_ S[[JJ)LKu) > 0

Now, solving equations (2.2.A.3) and (2.2.A.5) simultaneously, we obtain

< L

X, = I [7\51K KO~ 7\S1L + {)‘Sl)‘KUS Akr(L—=8)}] + P2 (2.2.A.6);
where,

Al = As1Ak2 — Akils2

and

1

Oku©O
|e||)\| [)\Sl (FeKl - Gesl + H KU Sl) 7\K1(9K1A —_ 651]3)] > 0

This equation (2.2.A.6) is same as equation (2.2.13) in the body of the chapter.

Appendix (2.B):
Derivation of equation (2.2.13.1)

Totally differentiating equation (2.2.6) and assuming that factor endowments do not change,
we have

As1 Xy + g X, = —Ag185; — Agpdg, (2.2.B.1).

Now repeating the similar exercise as done in Appendix (2.A), we obtain

As1 Xy + Agp X, = —G,Ws — H,f (2.2.B.2).
Here,

Gy = (As1Sss +As2S3s) < 0

and

H, = (As2Ssk + As2S5k) > 0.

Now, putting expressions of Ws and T from equations (2.2.9.1) and (2.2.10.1) in equation
(2.2.B.2), we obtain

)\51/)21 + )\52/)22 = 12’131 + ]2’132 (2283)’
where,
I, = |9|[ G20k, + H20s,],
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and

J2 = ﬁ [G20k1 — H0g4].

Then putting the expression of Xy from equation (2.2.A.4) in equation (2.2.8) and then totally
differentiating equation (2.2.8), and thereafter using the expressions of the rate of change of

factor output coefficients and finally putting the expressions of Wg and f from equations (2.2.9)

and (2.2.10), we obtain

M Xy + Ak X, = @,P, + E,P, — F,Py (2.2.B.4).
Here,

Wy = I%I [—AzeKz + B,0s; — CZ:UKu 952]2

E; = I%I [Azexl — By6s + CZ:UKu 951]}

F, = ;TZJ >0;

Az = (Ak1Sks + Ak2Sks) > 0;

B, = (Ak1Ski + AkzSkx + AxkuSrk — AkuSuk) < 0

and

C, = Aku(SKy — S§) > 0.

Now, solving equations (2.2.B.3) and (2.2.B.4) simultaneously, we obtain

X, = M,P, + N,P, — 0,P; (2.2.B.5);
where,

M, = I_;xl (As1 @ — Akqlp) <0,
N, = ﬁ(xsﬂzz — Ax1)2) >0,

and,

1

Ozzm

This equation (2.2.B.5) is same as equation (2.2.13.1) in the body of the chapter.

Appendix (2.C):
ProofofZ, +V, =1
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ZZ + V2 =1 = epz + eM2 (QZ - Rz + Tz) + (_M2 — N2 + 02) = 0 (22C1)

Here,
_ 1 [wss _IK Wy (L-S)6ky
Q=R+ T,) = o] [ v Ok2 v Bs, + ~ Yoy, esz]
1 [WsS Tk Wy (L-S)6ky ] Wy(L-S)
19| [ Y Ok1 Y Os1 + Yoy Os1] + Y6y

_ _ (Bg2—Bk1) [WsS | 1K Wy(L-S)6gy]| , WuylL-S)
=(Q2—-R;+T) = 6] [ Y Y YOy ] + Y68y

Wy (L-S)(1-6ky)

=(Q; — Ry + Ty) =%[WSS+rK+

By
=(Q;:—R;+T) =1 (2.2.C.2).
and,
1

(=M; =N; +03) = w [As1(F2 — @3 — E2) + A1 (I + 2] (2.2.C.3)
Again,

=G Oxe=Ok)[_p _ Oxu
(Fz_wz_Ez)—GU o] [ A, =B, +C; GU]

=, —w; —E;) =A;+B; +§_3(1 — Oku)

=, —®, —E;) =A; +B, +(,

=(F, — @, — E;) = (A1 Sks + Ak2Sks) + (Aka Sk + Akz2Skk + AkuSik — AkuSuk) +
Aku(Sku — SU)

=(F; — @, — E3) = Ag1 (Sks + Ski) + k2 (Sks + Skx) + Axu(Skx + Sku) — Axu(Suk + Suu)
=(F,—®,—E;)=0 (2.2.C.4).
[ = Sks + Ski = Sks + Skx = SRk + Sku = Stk + Sty = 0].

Similarly, (I, +J,) =0 (2.2.C.5).
Now, using equations (2.2.C.3), (2.2.C.4) and (2.2.C.5), we obtain

~(—M; =N, +0,)=0 (2.2.C.6).
Finally, using equations (2.2.C.1), (2.2.C.2) and (2.2.C.6), we obtain

ep, +em, =0

Hence, we have

ZZ +V2=1
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Appendix (2.D):

Derivation of equation (2.3.17)

From equations (2.3.8) and (2.3.10), we obtain

§s=1-2% (2.3.A.1).

aKu

Putting this expression of S in equation (2.3.7) and then totally differentiating equation (2.3.7),

we have

(1-Ass) [LL — (L — $){Ky + a4y — aku}]

As1X1 + AgpXy = —Agsdss — Ag1ds1 — Aspdsy + S

(2.3.A.2).
Each of the factor output coefficients is a function of prices of factors employed in that sector,
for example, ag; = ag;(Ws, ). Thus, the rate of change of that coefficient is expressed as

~ — 1 ‘A 1 o .
dgy = SgsWs + SgkT';

Ws 6a51 1 r 6a51 .. . PN PN a
where, Si. = (—) ( and Sqx = |— ) {—=). Similarly we can derive a¢,, 4y and axy.
» 9SS as,) \aws SK a5, or Y s2, dy KU

Using all these expressions of rates of change of factor output coefficients and equation

(2.3.A.2), we obtain

- < (1-2ss)L~ (1-Ass)(L-S) > A
As1 X1 + AsxX, = SSS L— SSS Ku — (As1S8s + As2S3s + AssS3s) W

—(As1Ssk + As2S3k + AssSSk)F — w (Su = Sku)Wy - w (Suk — Srk)fu
(2.3.A.3).

Putting the expressions of W, £, Wy and fy from equations (2.3.11), (2.3.12), (2.3.13) and

(2.3.14) in equation (2.3.A.3), we obtain

As1 Xy + A, X, = AL —B;Ky + C,P, (2.3.A.4).

Here,

_ (1-2ss)L
- S

_ (1-2ss)(L-9)
- S

A >0,

B, >0,

and,
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1
C, = m [(As1S3s + As2S%s + AssSSs)Ok1 — (As1Sak + As2Sak + AssSSk)Os1

S 5 s (22 1) 80} (25 1) <0

Bku

Putting the expression of S from equation (2.3.A.1) in equation (2.3.9) and then totally
differentiating equation (2.3.9) and thereafter using the expressions of the rates of change of
factor output coefficients and finally putting the expressions of Ws, £, Wy and f; from
equations (2.3.11), (2.3.12), (2.3.13) and (2.3.14), in the equation derived from equation (9),
we obtain
M Xy + A X, = R—E,L+ F,Ky + G, P, (2.3.A.5).

Here,
E, = 2t 5 0,

K

ags(L-S)

F1= K

>0,

and,

1
G, = ol [(7\51511<s + As2Sks + Asssls<s)91<1 - (7\515110( + As2 Sk + 7\55515<K)951

05— st s (35 -1)+ 00 (122 0.

Oxu

Now, solving equations (2.3.A.4) and (2.3.A.5) simultaneously, we obtain
XZ = HI’K - Ili_: + ]l’KU + ’ljz(pl (23A6),
where,
Al = As1Ak2 — Ak1Asz
—As1
H, = o >0,
1
I} = i (Ak1A1 +As1Eq) >0,
1
Ji = W(AK1B1 + As:F1) >0,
and,
1
P = o (As1G1 — A¢1Cq) > 0,

This equation (2.3.A.6) is same as equation (2.3.17) in the body of the chapter.
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Appendix (2.E):

Derivation of equation (2.3.27)

Totally differentiating equation (2.3.7) and assuming that factor endowments do not change,
we have

As1X1 + As2Xp = (1 = Ass)S — Ag1851 — Asp85,—AgsAss (2.3.B.1).

Repeating the similar exercise as done in Appendix (2.A), we obtain

As1 Xy + AsoXy = (1 — Agg)S + H,Ws + I,7 (2.3.B.2).

Here,

H, = —(AssSSs + As1Sss + As2S3s) > 0,

and,

I, = —(AssS3k + As1Ssk + As2S5k) < 0.

Putting expressions of Wy, fand S from equations (2.3.21), (2.3.22) and (2.3.26) in equation
(2.3.B.2), we obtain

As1Xy 4 A52Xp = JoP1 + v, P~ @, Py (2.3.B.3);

where,

_ _ Hy6k,  L28s»
J2 = [(1 Ass)Fa + =57 — 75 ] >0,

= [=(1 = A0)G, — M | 120
Vo = [—(1 - As9)G, — T 4 2 <

and,

92 = (1—2ss)E; > 0.

Then totally differentiating equation (2.3.9), and thereafter using the expressions of the rates of
change of factor output coefficients and finally putting the expressions ofWS, T, WU, fy and S
from equations (2.3.21), (2.3.22), (2.3.23), (2.3.24) and (2.3.26), in the equation derived from

equation (2.3.9), we obtain

Alel + Aszz = Nz’ljl + 02’152 + QZIISU (2384)
Here,

_[_ Mz6k2  M36s2
Ny =] L | <o,
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M%eKl MZ6s,

0, = [7\KSG2 - 16| 16|

2 >,

Q2 = AksEz >0

M; = —(AssSks + As1Sks + As2Sks) <0,

and,

M3 = —(AssSii + AsiSki + As2Skk) > 0.

Now, solving equations (2.3.B.3) and (2.3.B.4) simultaneously, we obtain

X, = o, P + T,P, + B,y (2.3.B.5) ;

where,

I_;\IO\S1N2 — Ax1)2) <0,

T, = ﬁ (As102 — Agk1Y2) >0,
and,

1

WO\Sle + Ak192) >0,

This equation (2.3.B.5) is same as equation (2.3.27) in the body of the chapter.

Appendix (2.F):

Proofof Y, +Z, =1

Yo +Z, =1=ep, + ey, (V, = Wot{;) + (04T, + B,) =0 (2.3.C.1).

Here,

(Vo = Watipo) = ‘SIKVIZT Oz + = F; = YIGI 7052 + WI;(|I;)|_S) B, — =7 e:uulel 2 %e‘“ B

WSS v Gzt YII;I Os1 Wl;ﬁ;ﬁ) C2 rUsI(( - eKeUU|e| C2 = EEZ ;ZEE

= (V, — Wy+1s,) =

= | WsS + WeS(F, — G, = Ep) + k+%( C,) + ruKy {_%%’Lﬁ}]
(2.3.C.2).

Now,

(By — C3) = Bk, — Bkq = 6] (2.3.C.3);
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and,

E;B;  EzCp

18] 18]

Using equations (2.3.C.2), (2.3.C.3) and (2.3.C.4), we obtain

(V2 = Watp) = = [WsS + rk + Wy (L — S) + rgKy]

=V, = W,+y,) =1 (2.3.C.5);
and,

(a2 +T, + B2) = ﬁ [As1(N2 + 0z + Q2) — Ak1(Jz + v2 + @2)] (2.3.C.6).
Again,

(N, + 0, + Q,) = Ags(F, — G, — Ey) + M3 + M1 (2.3.C.7).
Now,

Mi+MI=0 (2.3.C.8).

[ »* Sks + Sk = Sks + S&x = Sks + Skk = 0]

Again,

Uy +V2+¢,) =1 —Ags)(F, — G, —E,) +H, + 1, (2.3.C.8).
Now,

Hy+I,=0 (2.3.C.9).

Using equations (2.3.C.4), (2.3.C.6), (2.3.C.7), (2.3.C.8) and (2.3.C.9), we obtain

(a+T, +B2) =0 (2.3.€.10)
Finally, using equations (2.3.C.1), (2.3.C.5) and (2.3.C.10), we obtain

Yo+ 7Z,=1

o ePZ + eMZ = O

Appendix (2.G):

Derivation of equations (2.4.13), (2.4.14), (2.4.15), (2.4.16), (2.4.19), (2.4.20) and (2.4.23):

Differentiating both sides of equation (2.4.6), we obtain

0%h dWS (Ws)z dh ClWS Wg dh Wg [ dh dWS dh dVS ]
- = — —— = 2.4.A1).
aW: Ws  h OWs Ws h  dWs h2 + vs| =0 (24.A.1)

aWs Wg S aVS v

Using equations (2.4.6) and (2.4.A.1), we have
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(Wg)?

hll h WS - EVS\’}S = O
P gyh
>W, = S__¢ 2.4.A.2),
S5 7 hy(We)2 S ( )
where
_ dh Vs _ d%h
Eyg = ave h >(0andhy; = We? <0.

Equation (2.4.A.2) is same as equation (2.4.19) in the body of the chapter.

Similarly, differentiating both sides of equation (2.4.7), we obtain

Wy = —wul_g (2.4.A.3)
u _f11(WU)2 u ey
where
_ of vu ot

>0andf;; = <0.

T vyt OWy?
Equation (2.4.A.3) is same as equation (2.4.20) in the body of the chapter.

From equations (2.4.4) and (2.4.5), we obtain

h =Ws + &, 05 (2.4.A.4).
and
f=Wy+ ey, 0y (2.4.A.5).

With P, = 0, from equations (2.4.1-A) and (2.4.2-A), we obtain

We—h=— % (2.4.A.6);
and
= % (2.4.A.7).

Using equations (2.4.A.4) and (2.4.A.6), we obtain

~ _ P2bki
Vg = _SVS|9| (24A8)

Equation (2.4.A.8) is same as equation (2.4.15) in the body of the chapter.
With P; = 0, from equation (2.4.3-A), we obtain

W, —f= — XaOsip (2.4.A.9).
Ons (0]

Using equations (2.4.A.5) and (2.4.A.9), we have

oy = —Xs Os1p (2.4.A.10).

2
£vyOns 18]
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Equation (2.4.A.10) is same as equation (2.4.16) in the body of the chapter.

Here,

Ws(1-vs)

R= Wy (1-vy)’

Hence,

5 _1r VS o VU A
R = WS —(1—Vs) Vg WU + -vy) Vy.

Using equations (2.4.A.2), (2.4.A.3), (2.4.A.8) and (2.4.A.10), we obtain

= A v A '~ A% A
R=WS—_S _WU+ U Vuy

(1-vg) 'S —vu)
_ §2 Vu _ f _ Vs _ h
~ 1616n3 [{(1—VU)sVU fn(wU)Z} OksBs1 {(1—VS)svs h11<ws>2}eKleN3] (2.4.A-11).

This equation (2.4.A.11) is same as equation (2.4.23) in the body of the chapter.

Differentiating equation (2.4.10), we obtain

Vu

X3=?+N—3N3—m(\7[}

(2.4.A.12).
Each of all optimum factor output coefficients is a function of prices of factors employed in that

Wy
sector. For example, ay3 = anz ((T)r> Hence,

Nz = S{iN (—V\;U) + SRkF - (2.4.A.13);
Wy
3 (T) dan3 3 _(r dans . .
where, Syny = (am)(a(@)) and Syk = (—aN3) (_ar ) Similarly, we can derive rates of

change in other factor output coefficients.

Differentiating equation (2.4.8) and using expressions of rates of change of all these factor
output coefficients, we have

Ak1Xy + AaXy = K= Agq (Sflq{f - Sll<s€vs‘75) — Ak2 (Slzq{f - 512<s€vs‘75) — A3 (SI%K? -
SitngvyTu) — AkaX3 (2.4.A.14).
Using equations (2.4.A.3), (2.4.A.5), (2.4.A.7), (2.4.A.8), (2.4.A.10), (2.4.A.12) and (2.4.A.14), we
have

i Xy + Ak Xy = K— A3 N + AP, (2.4.A.15);

where,
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= [U\msxs + Ak2Sks}Ok1 — {AkaSkk + Ak2Skk + Axz(Skx — SN }0s1 — Aks {(1 + S{n —

$3.) — i) Ok3Os1 Ok36s1f
KN7 (- vU)st} ONs K3 bnafia (Wy)2]

Similarly, from equation (2.4.9), we have

As1 X1 + A5, X, =S + BP, (2.4.A.16);

where,

1 h
B = 0l [{1 - ( S h11(Ws)2)} Ok1 + (As1S8s + As2S55)0k1 — (As1Sgk + 7\52551()951]-

(1_VS)SVS

Now, soIving equations (2.4.A.15) and (2.4.A.16) simultaneously, we obtain

=

XZ [)\SlK )\51}\1(3N 7\K15] + ch (24A17),

Y

where,

C = 7i 1A = A Bl

Totally differentiating equation (2.4.11), we have

= WSSO (3 4 W) + 5 (R + ) + TUE—0 (R 4 Wy ) - es g — Wuliu g

)

(2.4.A.18).
Using equations (2.4.A.2), (2.4.A.3), (2.4.A.7), (2.4.A.8) and (2.4.A.10), we have

WsS(1-vs) a WyN(1-vy) &

Y= S+= K + N + B,E (2.4.A.19);

where,

E= i rK e WUN(l—VU) { vu _ f }GKSGSl _ WsS(1-vg) { Vs _ h } 0 ]
18] st Y (1-vyeyy  f11(Wy)?) Ons Y (1-vs)evg  h11(Ws)? Kif-

Now, using equations (2.4.12-A), (2.4.A.17) and (2.4.A.19), we obtain

= 5[R(— ew 3) - N (S e, MG {320 - 0, "525] 20,

where

D=ep, +ey,E—-C (2.4.A.21).
These equations (2.4.A.20) and (2.4.A.21) are same as equations (2.4.13) and (2.4.14),
respectively shown in the body of the chapter.

Equation (2.4.14-A) implies that D < 0; and this can be shown using equations (2.4.A.17),
(2.4.A.19)and (2.4.A21)forK=N=5=0.
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Appendix (2.H):

Derivation of equations (2.4.24), (2.4.25) and (2.4.26):

G = (2.4.A.22),

o

where

1

A= Bl 2% — x|

and
KL = Mean Income.
Here,
nYR % — x| = 2[(Nvy + Sve)N(L — vi)Wy + (Nvy + Svs)S(1 — ve)Ws + N(1 —
v)S(1 — vg) (Ws — Wy)]
>(N+S)(N+S—1DA=

2[(Nvy + Svg){N(1 — vp))Wy + S(1 — vg)Ws} + NS(1 — vy) (1 — vg) (Wg — Wy)] (2.4.A.23),
and

_ IN(@-vy)Wy+S(1-vs)Ws]
n= N+S) (2.4.A.24).

Using equations (2.4.A.22), (2.4.A.23) and (2.4.A.24), we have

_ (N\y+Sve)(N(A-vy)Wy+S(1-vs)Ws}+NS(1-vy) (1-vs) (Ws—Wy)

G (N+S—-1)N(1-vy)Wy+S(1-vg)Wg

oG = (NVU+SVS){N(1_VU)+S(1—VS)VV\\;—LSJ}+NS(1—VU)(1—VS)(::Vv—z—l)

(N+S—1){N(1—VU)+S(1—VS)“:VV—3}

_ (NVU+SVS){N(1—VU)+S(1—Vs)A}-i-NS(l—VU)(l—Vs)(A— 1)

=G (N+S—D{N(1-v)+S(1-vs)A}

(2.4.A.25),

Equation (2.4.A.25) is same as equation (2.4.24) in the body of the chapter.

Now, differentiating equation (2.4.A.25), we have

(N+S—1D{NA —vy) +S( —vg)A}dG— G(N + S — 1)Ndvy — G(N + S — 1)SAdvg
G(N+S—-1)S(1 —vs)dA
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= [—(Nvy + Svg)N + {N(1 — vy) + S(1 — vg)AIN — NS(1 — vg)(A — 1)]dvy +

[—(Nvy + Svg)SA + {N(1 — vy) + S(1 — vg)A}S — NS(1 — vy) (A — 1)]dvg

+[(Nvy + Svg)S(1 — vg) + NS(1 — vyy) (1 — vg)]dA (2.4.A.26).

Now, using equations (2.4.A.25) and (2.4.A.26), we obtain

(N +S— D{N(1 = vy) + S(1 — vg)AYdG =

[{—=N2vy — NSvg + N2(1 — vy) + NS(1 — vg)A —

NS(1—vs)(A = DHN(1 — vy) + S(1 — vs)A}

+{N2vy + NSvg {N(1 — vyy) + S(1 — vg)A}HN2S(1 — vy) (1 — vg)(A — 1)]dvy +

[{=NSAvy — S2Avs + NS(1 — vyy) + S2(1 — vg)A

—NS(1 — vy)(A — DHN( — vy) +S(1 — vg)A} +

{NSAvy + S2AvgHN(1 — vy) + S(1 — vg)A} + NS2(1 — vi)) (1 — vg)A(A — 1)]dvg +

[{(Nvy + Svg)S(1 — vs) + NS(1 — vy) (1 = ve){N(1 — vy) + S(1 — vg)A}

—(Nvy + Svg){N(1 — vyy) + S(1 — vg)A}S(1 — vg) — NS2(1 — vy) (1 — vg)?(A — 1)]dA
=dG =

[NS2(1-vg)2A+2N2S(1-vy)(1—vs)A+N3(1—vy)?]
(N+S—1D{N(1—vy)+S(1-vg)A}2

[NS(1-vy)(1-vs){N(1-vy)+S(1-vs)}] dA
(N+S—1D{N(1-vy)+S(1-vs)A}2

[N2S(1—vy)2+2NS2(1—vy)(1-vs)A+S3 (1-vg)?A?]
(N+S—1{N(1—vy)+S(1-vs)A}2

dVU + Vu

+

=G = A9y + B3V + C,A (2.4.A.27);

where,

vy[NS2(1-vs)2A+2N2S(1—vy)(1-vs)A+N3 (1-vy)?]

Ag = GINFS—D{N(1—v)+S(1—vg)A)?

>0,

vs[N2S(1—vy)2+2NS2(1—vy)(1-vg)A+S3 (1-vg)2A?]

G(N+S—-1){N(1-vy)+S(1-vg)A}? >0

B3=

and

C. = AINS(1-vyy)(1-vs){N(1-vy)+S(1-vs)}] >0
3 GIN+S—1){N(1—-vy)+S(1—vg)A}2 )

Equation (2.4.A.27) is same as equation (2.4.25) in the body of the chapter.
Using equations (2.4.17), (2.4.18), (2.4.22) and (2.4.25), we obtain

~ Oks 0s1 15 (As1 rk Ok1 15 (As1 rk
G=A SIR(SE ey —)+B R(Z2 — ey —
3Deyy6ns 16l \Al M2y 3Deyglol  \a] Mzy

K 7\51 rk f6K3651 heK19N3
D[6]6n3 \ |A| zy f11(Wy) h11(Ws)
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~_ R (s OKk30s1 eK16N3 {( fOk30s1 ) ( hbk,On3 )}]
= — - __ . At~ Y R — L
G = Soions (w e, v Y [A +Bs vs TG T wy h11(Ws)?2

(2.4.A.28).
Using equations (2.4.22) and (2.4.A.28), we obtain

~__ K As1 Bk36s1 OKk16N3
=G= D|6]6N3 (|A| Mz Y [A3 + Bs vg ] + C3A (2.4.A.29).

Equation (2.4.A.29) is same as equation (2.4.26) in the body of the chapter.

Appendix (2.1):

Derivation of equations (2.4.13.1), (2.4.14.1), (2.4.15.1), (2.4.16.1) and (2.4.20.1):

From equations (2.4.1-A) and (2.4.2-A), we obtain

P16k>—Py0ky

Ws—h= 5 (2.4.A.30);
and
= % (2.4.A.31).
Using equations (2.4.A.4) and (2.4.A.30), we obtain
A P29K1—P OK2

T20K17719K2 2.4.A.32).
Equation (2.4.A.32) is same as equation (2.4.15.1) in the body of the chapter.
From equation (2.4.3-A), we obtain
N & _ Oks 5 _ -
Wy —f= g2 — = (651P, — 65,P;) (2.4.A.33).
Using equations (2.4.A.5) and (2.4.A.33), we have
Iy = m (051P, — O5,P;) — 8N3 (2.4.A.34).

Equation (2.4.A.34) is same as equation (2.4.16.1) in the body of the chapter.
Finally, using equations (2.4.A.2), (2.4.A.3), (2.4.A.32) and (2.4.A.34), we obtain

Vs

Vu A
_(1 ve) WU + ——Vyu

R=Ws— (1-vy)

_ P Vs _ h _ vy _ f
~ 16l6Ns {9K29N3 ((1—Vs)€vs h11(Ws)2) ((I—Vu)SVU f11(Wu)2) eK3eSZ}
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Vs _ h _ vy _ f
|6| {9K16N3 ((1_VS)SVS h11(Ws)2) ((1—Vu)£vu f11(WU)2) 9K3esz}

P3 ( Vu f )
evyONs \(1-vleyy  f11(Wy)?

(2.4.A.35).
Differentiating, equation (2.4.10), we obtain

Xy =F—ay; — (1f‘V’U) 9y (2.4.A.36).

Totally differentiating equation (2.4.8) and putting the expressions of rates of change of
different factor-output coefficients, we have

M Xy + M X, = _(SII<K? - Sfl<s£vs‘7$) — A2 (SIZ(K? - 512<55vs‘75) — g3 (SI3<K? - S]%NEVUVU) -
A3 X3 (2.4.A.37).
Using equations (2.4.A.3), (2.4.A.5), (2.4.A.31), (2.4.A.32), (2.4.A.34), (2.4.A.36) and (2.4.A.37),

we have
7\](1’)21 + )\KZ’XZ = Ez/lil + Fz/liz + G2/133 (24A38),
where,

N _ Ok36s2
E; Iel[ Az05,— B30k, —C; Ons ]:

Fy = 57| A2051+B, 0 +C, 222,

N3
Cy

’
eN3 EVU

G2=_

A, = —{Ak1 Sk + Ak2Skk + Ak (Skk — Sk} > 0,
B, = (Ak1Sks + Ak2Sks) > 0,

and

— 3 U
€= [{(1 + Sk~ Siw) = (1- vU)st} f11(WU)
Similarly, from equation (2.4.9), we have
As1Xq + A5z X, = HpPy + 1P, (2.4.A.39);
where,

\% h

H2 19| [ (1 + )\SlsSS + }\SZSSS)GKZ + (}kSlSSK + AsszK)esz ((1_V§)£VS — hll(WS)2> GKZ]’

and
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h
L= [(1 + As1S8s + As2585)0k1 — (As1Ssk + As2S8)Bs1 — ((1—:’]:)8\;5 - h11(Ws)2> 91(1]-

Solving equations (2.4.A.38) and (2.4.A.39) simultaneously, we obtain
X, =1,P +v,P, + L, P (2.4.A.40);

where,

J2 = 57 i B2 = A Ha),

1
Y2 = I —[As1Fp — Akq 3],

and
— }\SlGZ
27
]2, Y2 and L, represent the elasticities of general equilibrium supply function of the non-traded

good with respect to P;, P, and P; respectively.

Totally differentiating equation (2.4.11), we have

7= WssUve @ + Koy WoNA-vo) gy _ WsSvs o Wulvy o (2.4.A.41).

Wy—

Using equations (2.4.A.2), (2.4.A.3), (2.4.A.31), (2.4.A.32) and (2.4.A.34), we have

/Y\ = M2F1 + 82/132 + 192’153 (24A42),

where,

M., = 1 [_ rK 0 WyN(1-vy) { vy _ f } Ox36s2
271 v 52 Y A-vpley, f1(Wy)2) Ong
WsS(1-vsg) Vs _ h

+ Y {(1—VS)€VS h11(Ws)2} GKZ]'

5, =~ [ﬁ _ WUN(l—VU>{ w oo f }6K3651
T N e Y A-vpley, f11(Wy)2) Ons

_ WsS(1-vs) Vs _ h 0

Y (1—Vs)€vs hy;(Ws)? K1)
and,
_ WyN@{-vy) vy _ f
82 - YOn3 {(1_VU)SVU f11(WU)2} > 0.

Here, M,, &, and 9, indicate relative changes in Y due to relative changes in P;, P, and P;

respectively.

Now, using equations (2.4.12-A), (2.4.A.40) and (2.4.A.42), we obtain

P, =aP, + pP; (2.4.A.43);
115



This equation (2.4.A.43) is same as equation (2.4.13.1) in the body of the chapter.

Here,

Ja—em, M2

a= 5

5 _ La—eMm, 02
B - D ’

and

D=ep, +em,8 -V (2.4.A.44).
This equation (2.4.A.44) is same as equation (2.4.14.1) in the body of the chapter.

Finally we use the stability condition in the market for commodity 2 to show that D < 0; and this
can be shown using equations (2.4.A.40), (2.4.A.42) and (2.4.A.44) for P, = P; = 0.

Finally, using equations (2.4.A.35) and (2.4.A.43), we obtain

Vs
(1-vs)

B o R VU A
R—WS Vg WU+(1—Vu)VU

__P vs _ __h _ vo f
016Nz [{9”9“ ((1—vS)svS hn(ws>2> 9K3952(<1—VU>sVU fn(wU)Z)}

— Vs _ h _ vy _ f
{00 (35 ) ~ O (i~ |

_i E Vs _ h _ vy _ f
Ons L16] {6K19N3 <(1—V5)£vs h11(Ws)2) OsBs1 ((1—Vu)£vU f11(WU)2)}
Vu _ f
+ ((l—VU)gVU fll(WU)Z)] (24A45)

This equation (2.4.A.45) is same as equation (2.4.20.1) in the body of the chapter.

116



Chapter 3

A static general equilibrium product variety model

3.1 INTRODUCTION

This chapter is devoted to explain skilled-unskilled wage inequality in a static general
equilibrium model with product variety structure and with monopolistic competition in markets
of different varieties. The chapter is an addition to the existing theoretical literature on static
product variety models. Among the existing static product variety models, Glazer and Ranjan
(2003) introduces preference heterogeneity assuming that skilled workers prefer to consume
skill intensive goods. However, they do not introduce any public intermediate good in their
model. Anwar (2006a, 2009) and Anwar and Rice (2009) analyse the problem of wage inequality
using endogenous product variety framework with specialization-based external economics but
ignore the role of public input in their model. Anwar (2005, 2006b) introduce a public input
producing sector in their models in the presence of specialization-based external economics.
However, those models have only one type of labour; and hence fail to explain the skilled-
unskilled wage inequality. The model developed in the present chapter is an extension of the
works of Anwar (2006a, 2009) and Anwar and Rice (2009) introducing a public input producing
sector like that in Anwar (2005, 2006b) and consisting of two types of labour-skilled and
unskilled. We develop a static four sector small open economy model with two traded good
sectors, a public intermediate good producing sector and a private nontraded good sector
producing varieties of intermediate goods. Its production is financed by a proportional tax on
output of the industrial sector. There are three primary factors in this model- skilled labour,
unskilled labour and capital. The public intermediate good plays the role of reducing the fixed
cost of production of nontraded private intermediate goods. Production functions of all these

sectors, except for varieties of private intermediate goods, satisfy all standard neo-classical
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properties including constant returns to scale (CRS). However, in the private intermediate
goods producing sector, production function of each of these varieties satisfies increasing
returns to scale (IRS).

In reality, public infrastructure plays a significant role to the development of market
economics. The study of Ram (1986), based on data of many developed and developing
countries, points out a positive relationship between the government size and the growth of
national income. In the context of Korean economy, Kim (1998) shows that infrastructure
investment leads to economic growth as well as inflation. Rioja (1999) argues that public
infrastructure investment can lead to sizeable increase in GDP. Ang (2008), Hill (2007) and
Appleyard et al. (2007) show that infrastructural development promotes foreign investment.
On the other hand, Delorme et al. (1999) finds a negative relationship between the growth of
public infrastructure and technical efficiency. So, in this chapter, we consider a public
intermediate good producing sector in a static product variety model.

This chapter is organized as follows. Section 3.2 presents the basic model with full
employment of all factors and with a public good producing sector. Sub-section 3.2.1 describes
the model and sub-section 3.2.2 analyzes its various comparative static properties. Effects of
changes in factor endowments on skilled-unskilled wage ratio are described in subsection
3.2.2.1. In subsection 3.2.2.2, we analyze effects of exogenous changes in prices of traded
goods and in the income tax-rate on skilled-unskilled relative wage. In section 3.3; we introduce
unemployment in both the labour markets. Limitations of this model are described in section

3.4.

3.2. The Basic Model:*°

3.2.1 Description:

We consider a small open economy with two traded good sectors, Y and Z, and two
nontraded good sectors, X and G. There are three primary factors- skilled labour, unskilled

labour and capital. Sector Y produces an industrial good using skilled labour, capital and large

%0 Gupta and Dutta (2012) is partly based on the materials presented in this section.
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number of varieties of intermediate goods produced by sector X with skilled labour and capital
as inputs. Sector G produces a public input and sector Z produces an agricultural good; and
each of these two is produced by unskilled labour and capital. The role of public input is to
reduce the fixed cost of producing X. Production functions of all these sectors, except for sector
X, satisfies all standard neo-classical properties including constant returns to scale (CRS).
However, in sector X, production function of each of these varieties satisfies increasing returns
to scale (IRS). All factor endowments are exogenously given. Capital is mobile among all these
four sectors. However, skilled labour is mobile between sector Y and sector X; and unskilled
labour is mobile between sector Z and sector G. Factor prices in each of these four sectors are
perfectly flexible; and this flexibility ensures full employment of all these primary factors. All
markets are competitive except for markets of varieties produced by sector X in which
monopolistic competition exists. The representative firm maximizes profit in each of the three
private goods sectors. The production of the public input is financed by a tax revenue obtained
from the industrial sector; and the budget of the government is always balanced*'.

Production functions of sectors Y, Z and G are described as follows.

Y = (Lls;BKE)l_a(Z?zle)% (3.2.1),
Z=Ly,K} (3.2.2),
and

G = Lys K¢ (3.2.3).

Here, X; is the quantity of the ith variety of intermediate good produced in sector X; and
n is the number of these varieties. Lgy stands for the amount of skilled labour employed in
sector Y; and Lyz and Lyg represent amounts of unskilled labour employed in sectors Z and G
respectively. Ky, K; and Kg stand for amounts of capital used in sectors Y, Z and G
respectively. o, B, Y, 6 and ¢ are relevant elasticity parameters defined in the range (0,1). Y, Z

and G stand for levels of output of sectors Y, Z and G respectively.

41 . . . . . . P
In reality, industrial sector is the most important source of collecting tax revenue even if it is not the only source.
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Increasing returns to scale exists in the production of each of different varieties of
intermediate goods because production of every variety involves fixed cost as well as variable

cost. The total cost function of the ith variety produced in sector X is given as follows.

c(We, 1, %) = (G—“G + xxi) W08, 0<6,0<1;u,A>0. (3.2.4),
Here, W5 and r represent wage rate of skilled labour and rental rate on capital

respectively; and 0 stands for the capital elasticity of output. u > 0 implies the presence of the

fixed cost; and o represents the elasticity of fixed cost with respect to the public input.

Here, G—ucwsl_ere is the fixed cost of producing an intermediate good; and ¢ > 0 implies

that this fixed cost is reduced as the production of the public input is expanded. Holtz-Eakin and
Lovely (1996) and Anwar (2001, 2006b) also make similar assumption about the role of the
public input. However, they are not interested to analyse the problem of skilled unskilled wage
inequality and so they consider only one kind of labour. Xxiwsl_ere represents the variable
cost of producing the ith intermediate good. Fixed cost and unit variables costs are same for all
i; and this means that all private intermediate goods are produced with identical production
technology.

As all intermediate goods have identical production technologies and as their producers
also face same prices to buy inputs, they are produced in equal quantities and are sold at equal

prices in equilibrium. So, x; = x for all i; and the total production of sector X is nx. Hence,

equation (3.2.1) can be rewritten as

_  (1-B)(1-0) , B1-) o 22D
Y = Lgy Ky X" s (3.2.5),

a(1-8)

where, indicates the scale elasticity of output. It is always positive; and, in the rest of the

analysis, we assume that

a(1-6)

— <
Vin (1—[3(1—0()—0(9) (1]1([3(1—a)+(x9)> (B(1-a)+a8)
, —U)— 4 OWgLg{f(1—0)+ab}  (1-y) / rK 0{B(1—a)+aB} LY
O+o YO=W=00 I ol et o Wats (Waks TP i-mrat-on) mp oLyl 0

v (1K 8{B(1-a)+aB} Y\ w
{(1—¢)W5LS\WSLS Gpa-wraao)* (@) 1—¢WULU}
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Assumption (3.2.A) implies that scale elasticity of output is low in the industrial sector.
This means that degree of increasing returns to scale is low; and this is always satisfied when §
is very close to unity; i.e., different varieties of intermediate inputs are highly imperfect
substitute in the industrial production function. This scale effect does not exist when 6 = 1; i.e.,
all these intermediate inputs are perfect substitute.

Anwar (2006a, 2006b, 2009) and Anwar and Rice (2009) also assume this scale elasticity
of output to be very small in order to ensure the stability of equilibrium in the market of
intermediate goods. They borrow the assumption from Ethier (1982). However, the magnitude
of its upper bound in our model is different from those in other models.

In this model, the production of G is financed by a proportional output tax imposed on sector Y.
So, we have

yY =G (3.2.6).
where, s is the exogenously given proportional tax rate on industrial output. In Holtz-Eakin and
Lovely (1996) and Anwar (2001, 2006b), G is treated as exogenous. In this model, G is
endogenized by equation (3.2.6). However, the interpretation of endogenity must be done
carefully. Here G is endogenized satisfying consistency criterion only because G is solved from
the balanced budget equation like that in Barro (1990). G is not optimally determined here.

Now, using equations (3.2.1)—(3.2.6), we obtain a set of equations. The first order profit

maximizing condition in sector Y is given by

(=B+ap) —-a
_ Ws Wg Ws
1-y =M (=) (33) g (3.2.7),
n
where,
~ag-B(1-)
M = o P > 0;

(1—a) 1~ (1-B)1-0)(1-B) !
and P, stands for the price of the representative intermediate good.

Here the left hand side of equation (3.2.7) represents the effective per unit return from
the production of good Y because price of Y is normalized to unity and s is the unit tax rate.
The right hand side of equation (3.2.7) represents its marginal cost of production. An increase in
the number of varieties, n, lowers the marginal cost of producing the industrial good and thus

raises its level of production.
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In the short run, the first order profit maximizing condition in sector X is given by

8P, = AW Or® (3.2.8).
The left hand side of equation (3.2.8) represents the marginal revenue and its right hand side
represents the marginal cost. However, this maximized profit must be equal to the fixed cost of
production in the group equilibrium because entry of new firms (producers of new varieties of
intermediate goods) takes place so long a positive supernormal profit is earned. This group
equilibrium condition is given by

(1-8)Px= G—“c,wsl‘ere (3.2.9).

The first order profit maximizing condition in the agricultural sector, Z, is given by

_ 1 1-y
P, = [yy (1—y><1—v>] Wy Yy (3.2.10),

where P; and Wy represent price of the agricultural good, Z, and wage rate of unskilled labour
respectively. The right hand side of equation (3.2.10) stands for the marginal cost of producing
the agricultural good, Z.

Equilibrium conditions in markets of unskilled labour, skilled labour and capital are given

by following equations.

[ () 2] () Te=w (32.11),
(& +a) @ -0 (%) +Ma-wa-p () (5) i = 1se21)
and,

] 2 [T () G (e an)a ()

+MB(1 — ) (%)(1_8%) (%)_aﬁ — K (3.2.13).

Here, left sides of equations (3.2.11), (3.2.12) and (3.2.13) represent total demand for unskilled
labour, skilled labour and capital, respectively. On the other hand, right hand sides of those
equations represent given endowments of those factors. The first and second terms in the left
hand side of equation (3.2.11) represent demand for unskilled labour from the agricultural
sector and that from the public input production sector respectively. Similarly the first and

second terms in the left hand side of equation (3.2.12) stand for demand for skilled labour from
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all intermediate goods sector and that from the industrial sector respectively. Finally, first,
second, third and fourth terms in the left hand side of equation (3.2.13) represents the
amounts of capital demanded by the agricultural sector, by the public input producing sector,
by the intermediate goods sector, and by the industrial sector respectively.

The market clearing condition in the intermediate goods sector is given by

Mo (%)(‘B“"B) (%)(H) @ — nx (3.2.14),
n

r Py

where the left hand side and the right hand side of this equation stand for total demand for and
total supply of all intermediate goods respectively.

This model contains nine independent equations (3.2.6)-(3.2.14) with nine endogenous
variables; Wg, Wy, 1, n, x, P, Y, Z and G. The parameters of the model are Ly, Lg , K, Pz and .

The working of the model is described as follows. From equation (3.2.6), we obtain G in
terms of Y. Equation (3.2.10) solves for r in terms of Wy;; and equation (3.2.11) solves for Z in
terms of G. From equations (3.2.8) and (3.2.9), we solve for x in terms of G. And, from equation
(3.2.8), we solve for P, in terms of Wg and r. Now, substituting these G, Z, X, P, and r in
equations (3.2.7), (3.2.12) and (3.2.14), we simultaneously solve for Wy, W; and n in terms of Y.
Equation (3.2.13) finally solves for Y.

Using equations (3.2.8) and (3.2.9), we obtain

u )
X=—=—
AGOY (1-68)

(3.2.15).
This equation (3.2.15) shows that all varieties are produced in equal quantities and the quantity
of every variety falls as the level of production of the public input is expanded.

Here, we make two crucial assumptions which will remain valid in the rest of the
analysis: (i) (B(1—a)+ ab) > 6. Here, (B(1 —a) + ab) and O are interpreted as relative
shares of capital in the industrial sector and in the intermediate goods sector respectively.
B(1 —a) and aB are direct and indirect relative output shares of capital in the industrial
sector. So this assumption implies that the industrial sector is more capital intensive than the

intermediate goods sector. (i) B(1 — a) + ab > y. This means that the industrial sector is more

capital intensive than the agricultural sector.
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If equation (3.2.6) is dropped with G being exogenously given and if there is only one
type of labour with two types of capital-foreign capital being used in sector Y and sector X and
exogenously given domestic capital being used in sector Z and sector G, then the present model
is reduced to the model of Anwar (2006b). If our equations (3.2.3) and (3.2.6) are dropped, i.e.,
sector G is eliminated from the present model, then it is reduced to the model of Anwar
(2006a). Anwar (2006a), Anwar (2009) and Anwar and Rice (2009) analyse the problem of wage
inequality using this static product variety framework but none of them considers the role of

public input.

3.2.2. Comparative Statics:

3.2.2.1 Change in factor endowments:

We consider one of the followings taking place at a time: (i) an exogenous increase in
capital stock, (ii) an exogenous expansion of unskilled labour endowment; and (iii) an
exogenous expansion of skilled labour endowment. We do not consider any change in trade
and fiscal policies in this section. So LTJ = P, = 0. Using equations (3.2.6), (3.2.7), (3.2.8), (3.2.9),
(3.2.11), (3.2.12) and (3.2.14), we obtain*?

Ws=Y-1Lg (3.2.16),

. ?[1-p(1-0)-a6-32=8 (g1 6)]-Ts[1-B(1— ) a0 -2 g _1)

Wy, = [1op0-@-a0-75 (H)"] s Pa070 ] (3.2.17),
SH(pa-0+F)

and

4= Ls[B(1—-a)+ab6—0]+Y[6+0{B(1—a)+ab}] (3.2.18),‘

(Ba-w+%)
. . . . ~ d
where, a circumflex is used to denote the proportionate change, i.e., X = ;X

Equation (3.2.16) shows that a change in the level of industrial output (skilled labour

endowment) causes the skilled wage rate to change in the same (opposite) direction. On the

a(1-8) 1-B(1-)—ab
) < ( 6+0

other hand, due to the restriction given by ) in condition (3.2.A), we find

*? Derivation of equations (3.2.16), (3.2.17) and (3.2.18) are given in the Appendix (3.A).
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a direct relationship between the level of industrial output and the unskilled wage rate from
equation (3.2.17). Also, equation (3.2.17) shows that a change in skilled labour endowment
causes the unskilled wage rate to move in the opposite direction. Since (B(1 — a) + aB) > 6,
equation (3.2.18) shows that a change in the level of industrial output and/or a change in the
skilled labour endowment causes the number of varieties to change in the same direction.

Using equations (3.2.16) and (3.2.17), we have

af(1-8) a0(1-8)
8 8

?[B(l—a)+ae+ 1 o-a(l_g)]_,]:s[ﬁ(l—a)+a9+ ) (1-8)

W W Y 8 Y 8
s— U UV (pa-w+%Y)

(3.2.19).

Here, (WS—WU) denotes the rate of change in the skilled-unskilled wage ratio. Here,

@ (B(l —a) + %e) > (0 because 0 < y,a < 1.y is interpreted as the relative share of capital

in in the agricultural sector.

We have already assumed that B(1— a) + ab > y; and, with this assumption, we find

1-c)+af+224=0 _ 1-a)+a@+200=8) _
{B( oc)ocY L _1+0a(; o) g [Ba-0+e0+T _1_0((188)

} to be positive. So a
change in the level of industrial output (skilled labour endowment) causes the skilled-unskilled
relative wage to move in the same (opposite) direction.

However, the level of production of industrial good, Y, itself is endogenously determined; and
its rate of change is obtained by using equations (3.2.6), (3.2.11), (3.2.13), (3.2.14) and (3.2.15).

. . 4
It is derived as follows™.

’\_ y = =~
S _ rKK _(1_Y)WULULU+ALS

Y= _ (3.2.20).
Here,
_ [ (e \ Cw -9).__ (@0=-V)?
A= [{ (1—<p) Wy  —ea-—ny +
(1-8)
(-y) (K 8{B(1-w)+as) v 1-B(1-a)—aB— (6 -1)
+ YWsLs (WsLs {(1—[3)(1—(1)+(X(1—9)}) + (1-v) WULU}{ %(B(l—aﬂ%e)

7

WsLs{B(1—-a)+a8} {(l—a)(1—[3)e+%°(1_9)}
{(1-B)(1-a)+a(1-8)} (B(1—a)+‘%9)

and,

** Derivation of equation (3.2.20) is given in the Appendix (3.B).
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RS

1-¢ (1-@)(1-v)y
(1—Y)( K 0{B(1—a)+ab} )+ v WL } 1—8(1—0()—0(9—@(6“;)
YWsLs \WsLs  {(1-p)(1-w+a(1-0)})/) ' (1-y) VU S0 (B1-c0+%)
0\ (-0) o (0-V)
+(1—<p) Wor T aw
n WsLs{B(1—a)+ab} {(1—0&9—@)%(1—@(1—6)B+‘%9(1—o)+oceo}
{1-B(A-w+a(1-6)} (p1-c0+2) :

A and B are positive if

(i) rK {B(1—)+ab}

WsLs = {(1-B)(1-a)+a(1-6)}
i) (1-a0- “9“‘5)) > 0 and
(i)  o@=y.

These are a set of sufficient conditions but not necessary to make A and B positive. Here

condition (i) ensures that

rK 0{B(1—a)+ub}
WsLs = {(1-B)(1-o)+a(1-6)}

because 0 < 8 < 1. Also condition (i) implies that
K r(KY;’KX)

>
WsLg ~ Ws(Lsy+Lsx) ’
Y

=rK> T'(KY + Kx), [ LSY + LSX = LS]
= K> (Ky + Ky);
and the last inequality is always valid because capital is also used in sector Z and in sector G.

1-B(1—-a)—ab
0+0

The assumption that a(l(;s) < ( ) made in inequality (3.2.A) ensures condition (ii).

Condition (iii) implies that the agricultural sector and public input producing sector have
identical production technologies**.
If A and B are positive, then, from equation (3.2.20), we find that an exogenous change in

capital stock or skilled labour endowment causes the level of output of the industrial sector, Y

* This is a restrictive condition. However, it is sufficient but not at all necessary to make A and B positive. Hence
none of the results crucially rely on the assumption. If ¢ # v, then the first term in the expression of both A and B,
will be negative. However, still both A and B can be positive because other terms are positive.
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to move in the same direction but a change in the unskilled labour endowment makes Y move
in the opposite direction.
Using equations (3.2.18) and (3.2.20), we obtain

Ls[(B(1-00)+0—-6}+5{6+0{B(1-c)+ab}}]
(Ba-0+F)

A= (3.2.18.A).

Equation (3.2.18.A) shows a direct relationship between skilled labour endowment and number
of varieties to be produced. An increase in skilled labour endowment causes an increase in the
number of varieties to be produced because the intermediate goods producing sector uses
skilled labour as an input. This is the direct effect and is also obtained in Anwar (2006a).
However, there is an additional indirect effect; and it takes place through the expansion of the
industrial sector leading to a consequent expansion in tax revenue and, in turn, to an expansion
in the public input producing sector. This lowers the fixed cost of producing intermediate inputs
and causes a further increase in its number of varieties to be produced. This indirect effect does
not exist in Anwar (2006a) because there is no public input in his model. So the rate of increase
in the number of varieties in the present model exceeds that obtained in Anwar (2006a), where
o = 0 and consequently

Ls[(B1-w)+a6-0}+27]
(B1-00+F)

=)

Finally, using equations (3.2.19) and (3.2.20), we obtain

a0(1-8) a0(1-8)
8 8

B(1—0)+aB+ oa(1-6) v B(1—a)+ab+ L oa(1-8)
W W I‘K[ Y 14 5 _ (1_y)WULU Y 14 5 E
s~ Wu = -7 0 - a-v) 0 6]
BT(B(l—a)+?) BT(B(l—O()'FT)
A B(l—a)+a6+w 14 oa(1-8)| B(l—a)+ae+w ) a(1-8)
B Y s % s ~
+ Ls (3.2.21).

0 )
Equation (3.2.21) shows how skilled-unskilled wage ratio, %, is changed due to changes
0]

in different factor endowments. Here, a change in capital (unskilled labour) endowment causes
the skilled-unskilled wage ratio to move in the same (opposite) direction and the magnitude of
this comparative static effect is minimum when o = 0, i.e., when we do not consider the role of

public input. However, the effect of a change in the skilled labour endowment on this skilled-
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unskilled wage ratio is always ambiguous because A and B can take any positive values. So we
can establish the following proposition.

PROPOSITION-3.2.1: If production technologies are identical for the agricultural sector and for

the public input producing sector, and if assumption (3.2.A) is valid, then given other
parameters, (i) an increase in capital stock raises the skilled-unskilled wage ratio; (ii) an increase
in unskilled labour endowment lowers the skilled-unskilled wage ratio; and (iii) an increase in
skilled labour endowment makes the skilled-unskilled wage ratio move in any direction.

We now provide intuitions behind this result. An increase in capital stock leads to an
expansion in the industrial sector, Y, through an increased allocation of capital to this sector. So
the demand for skilled labour is increased and this raises the skilled wage rate. This effect exists
even in Anwar (2006a). On the other hand, this expansion of sector, Y, raises the tax revenue of
the government which, in turn, expands the size of the public input, G. This lowers the fixed
cost of producing intermediate goods. So the number of varieties of private intermediate goods
are increased in the group equilibrium and the quantity of each variety produced falls. As the
number of varieties of intermediate goods are increased, level of production of the industrial
sector, Y, is improved; and this creates a further increase in the demand for skilled labour. This
additional effect does not exist in Anwar (2006a). Capital allocations to unskilled labour using
sectors, Z and G, are also increased; and this raises the demand for unskilled labour leading to
an increase in the unskilled wage rate. However, sector Y is more capital intensive than sector Z
and production technologies are same in sectors Z and G. So there should be a higher rate of
allocation of capital to sector Y compared to corresponding rates in sectors Z and G. Hence the
rate of increase in the skilled wage rate should be more than that in the unskilled wage rate;
and so the skilled-unskilled wage ratio is increased. The rate of increase in skilled-unskilled
wage ratio in this model is higher than that in Anwar (2006a).

On the other hand, an increase in the unskilled labour endowment lowers the unskilled
wage rate. It causes expansions of sector Z and sector G. So capital moves from sector Y to
sector Z and to sector G; and thus sector Y contracts. This lowers the demand for skilled labour
leading to a decline in the skilled wage rate. As sector Y is more capital intensive than sectors Z

and G, the rate of decrease in the skilled wage rate is more than that in the unskilled wage rate.
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So the skilled-unskilled wage ratio is reduced; and the rate of decline in the present model is
higher than that in Anwar (2006a).

When skilled labour endowment is increased, then skilled-unskilled wage ratio should
fall directly and this direct effect is also obtained in Anwar (2006a). However, in the present
model, there is an additional indirect effect that takes place through expansion of sector Y; and
this raises number of intermediate inputs produced through expansion in the public input
producing sector which lowers the fixed cost of producing varieties. So the demand for skilled
labour is increased leading to a consequent increase in the skilled-unskilled wage ratio due to
this additional effect. Hence the net effect on skilled-unskilled wage ratio remains ambiguous in
this model while this ratio goes down in Anwar (2006a).

Anwar (2006a) shows that an increase in unskilled labour (capital) endowment lowers

(raises) the skilled unskilled wage inequality; and the condition required to show this result is

a(1-6) 1-B(1-a)—ab
< (5

). We obtain a similar qualitative result in the present model with the

a(1-8) < (1—[3(1—0()—0(6

5 070 ) and with the agricultural sector and the public input

condition given by

producing sector having identical production technologies. As in Anwar (2006a), a public input
producing sector is absent, so o0 = 0 there. So conditions required to obtain similar results in
Anwar (2006a) are modified in the present model. In Glazer and Ranjan (2003), skilled workers
prefer to consume skill intensive goods. So with an increase in skilled (unskilled) labour
endowment, relative demand for skill intensive goods and consequently the relative demand
for skilled labour are increased (decreased) leading to an increase (decrease) in the skilled-
unskilled wage ratio. Anwar and Rice (2009) shows that an increase in either type of labour has
no effect on skilled-unskilled relative wage in the short run when there is no entry or exit in the
intermediate good producing sector. However, in the long run, with free entry and or exit in
that sector, an increase in skilled labour endowment causes entries of new firms and thus raises

the demand for skilled labour and consequently the skilled-unskilled wage ratio.

3.2.2.2 Change in fiscal policies:
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In this section, we analyze effects of various trade and fiscal policies. We consider one of
the followings given the others: (i) an exogenous increase in the tax rate on the production of
sector Y; and (ii) an exogenous increase in price of the product produced by the agricultural
sector, Z. Changes in fiscal instruments affect the system through changes in prices of traded
goods. Subsidization to the agricultural sector raises the price of its product. Using equations

(3.2.6), (3.2.7), (3.2.8), (3.2.9), (3.2.11), (3.2.12) and (3.2.14), we obtain®

V.= V—-L§ _
Ws=Y—175 (3.2.16.1);
~ [1—B(l—oo—ae_@(em)]m[%(g(l_a)+%9)_@]@+%[B(1_a) +9p, |

u— GV 0 (3.2.17.1);

H(Ba-0+F)
and
2B (1) +aB]+[0+0{B(1- ) +aO}]T

fi=— (3.2.18.1).

(Ba-0+)
Equation (3.2.16.1) shows that a change in the industrial output level (tax rate on
industrial output) causes the skilled wage rate to move in the same (opposite) direction. On the
other hand, equation (3.2.17.1) shows that a change in the industrial output level makes the

unskilled wage rate move in the same direction because assumption (3.2.A) states that

a(1-8) 1-B(1—-)—aB
) < ( 0+0

). Similarly, this equation (3.2.17.1) shows that a change in the tax rate

on industrial output makes the unskilled wage rate move in the opposite direction because

a(1-8) < (llJ(B(l—ot)+(x9)
8 oy(1-y)-6y

assumption (3.2.A) also implies that ) Also this equation shows a direct

relationship between the price of the agricultural product and the unskilled wage rate. Finally,
equation (3.2.18.1) shows that a change in the industrial output level and/or a change in the tax
rate on industrial output affects the number of varieties in the same direction.

Using equations (3.2.16.1) and (3.2.17.1), we have

0(1-6 ab
% (g : Y (3(1‘“)+T) ao(1-8)

B(1—)+ab+ . .
TR 52|03 [B-0+F [Py

Y

L0 (1-8) o
el

Ws — Wy =

= 5 (3.2.19.1).
F(pa-a+F)

** Derivation of equations (3.2.16.1), (3.2.17.1) and (3.2.18.1) are given in the Appendix (3.C).
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We have already assumed that B(1 —a) + ab > y; and so, with inequality (3.2.A),

equation (3.2.19.1) implies that a change in Y makes % moves in the same direction but a
0]

. w . N
change in P; or Yy makes W—S move in the opposite direction.
U

Here Y is endogenously determined and, using equations (3.2.6), (3.2.11), (3.2.13),

(3.2.14) and (3.2.15), we derive its rate of change as follows™®.

CPz+DUY

Y= 5 (3.2.20.1),
where,

AN VYA CE B i L e\ W - e eV v ,
¢ (1-<P) Wo r (1—<p)(1—y)v+<1—<p) Wy ST (1—V)ZWULU’
and,
D=
U K 6{B1—a)+ab} (Y Y v

(1-Yy)WsLs (WsLs {(1—[3)(1—0()+0£(1—G)}) ((1—Y)) l—lIJWULU+

oa(1-8)y {GWSLS{B(l—a)+a9} (1—v)v< K 8{l-a)+ab} )+ Y W L}
8-V (B(1-00+2) Ha-B)(1-c0+a(1-0)} ' yWsLs \WsLs  {1-B)1-c+a(-0)}) ' (-y) ~V"U)

Using the sufficient condition, ¢ =y, we find that C < 0.

Also assumption (3.2.A) implies that,

a(1-8) (B(1—0)+aB) .
5 < G{ OWgLg{B(1—0)+aB}  (1-y) ( rK 0{B(1—a)+a B} ) Y wioL } ’
{(-p(—+a(1=0)} YWsLs\WsLs {1-p)(1-0)+a(1-0)}/ (1—y) " U~-U

M ( K 0{B(1—0)+a0} Y\ w
{(1—¢)WSLS\WSLS apawraao)*t @) 1—¢WULU}

and so sufficient conditions which make A and B positive can also ensure C and D to be
negative.

If C and D are negative, then, from equation (3.2.20.1), we find that an exogenous change in
price of the agricultural product, P;, and/or in the tax rate, s, induces the level of output of the
industrial sector to move in the opposite direction.

Using equations (3.2.18.1) and (3.2.20.1), we obtain

[0+0{B(1-c)+aB}|cP7
(Ba-c0+%)

fi= (3.2.18.1.A)

*® Derivation of equation (3.2.20.1) is given in the Appendix (3.D).
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Equation (3.2.18.1.A) shows an inverse relationship between the price of the agricultural
product and number of varieties to be produced because B > 0 and C < 0. This is qualitatively
similar to Anwar (2006a). An increase in the price of the agricultural product raises the demand
for unskilled labour and capital. Capital moves from other sectors to agricultural sector. So
number of varieties of intermediate goods produced is reduced. This direct effect is also
obtained in Anwar (2006a). However, in our model, the total negative effect is stronger than
that in Anwar (2006a) because there is an additional indirect effect that takes place through the
contraction of the industrial sector and, in turn, leads to a contraction of the public input
producing sector. This raises the fixed cost of producing intermediate inputs and thus lowers
their numbers further. This second effect does not exist in Anwar (2006a) where ¢ = 0 and
consequently
ho
(Ba-0+%)

Using equations (3.2.19.1) and (3.2.20.1), we obtain
Ws — Wy =
a8(1-8)

0 _
Y (3(1‘0‘“%) ao(1-8) D[B(l-a)+a9+— 14090=8) |5 1 (1- ),ae c(8<1-a)+a9+%8) 14920=8) | |5
1-y Y 5 B\ Y T v % p(1-a)+ 5 B\ Y T8 z

oD
(3.2.21.1).

. . . . . Ws .
This equation shows how skilled-unskilled wage ratio, W—S, is altered due to exogenous change
U

in the price of the agricultural product, P;, and due to exogenous change in the tax rate, .
Both these changes cause the skilled-unskilled wage ratio to move in the opposite direction. So
we can establish the following proposition.

PROPOSITION-3.2.2: If the agricultural product producing sector and the public input producing

sector have identical production technologies, and if assumption (3.2.A) is valid, then given
other parameters, an increase (decrease) in the tax rate on industrial output and/or an increase
(decrease) in the price of the agricultural product lowers (raises) the skilled-unskilled wage ratio.

An increase in the tax rate on industrial output lowers the level of demand for skilled
labour and the level of demand for capital in the industrial sector. So the skilled wage rate falls
and capital moves from this sector to other sectors. Capital allocations to unskilled labour using
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sectors, Z and G, are increased; and this raises the demand for unskilled labour leading to an
increase in the unskilled wage rate. Sector G expands and the fixed cost of producing
intermediate goods is reduced. Sector Y contracts, and the demand for intermediate goods is
also reduced. So the final effect on the number of varieties of intermediate goods to be
produced in group equilibrium remains ambiguous. However, the skilled-unskilled relative wage
is reduced. No other model in the existing literature analyses the effect of an exogenous change
in the tax rate.

On the other hand, an increase in the price of the agricultural product raises the
demand for unskilled labour and capital. So the unskilled wage rate is increased. Capital moves
from other sectors to agricultural sector. So sector Y contracts and hence demand for skilled
labour is reduced leading to a decline in the skilled wage rate. So the skilled-unskilled wage
ratio is reduced.

Anwar (2009) also shows that an increase in the price of the agricultural product lowers
the skilled-unskilled wage ratio even though his model does not include physical capital as an

input and a public input producing sector. The condition required to show that result in Anwar

(2009) is a(18_8) < (1—60(9). We obtain the similar qualitative result in the present model if
a(ls_& < (1_3(;?_“6) and if the agricultural sector and public input producing sector have

identical production technologies. 3 = 0 implies that capital is not used as an input; and 6 = 0
implies that public input can not affect the fixed cost of producing varieties. With § = 0 and
o = 0, our sufficient condition is identical to that in Anwar (2009). Since § > 0 and ¢ > 0, in

our model the rate of decline in skilled unskilled relative wage is higher here.

3.3. The Model with unemployment:*’

In this section, we consider unemployment of either type of labour. However, we do not
consider any public good producing sector in this section for simplicity. This section introduces

efficiency wage hypothesis to explain an unemployment equilibrium in each of these two

“Dutta (2012) is partly based on the materials presented in this section.
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labour markets. According to the efficiency wage hypothesis, efficiency of a labourer varies
positively with its wage rate and the unemployment rate in the labour market. There is enough
empirical support in the literature to justify introducing unemployment. Marjit and Acharyya
(2003) shows that there is growing unemployment problem with rising wage inequality in
European countries*® and the effect on unemployment due to trade liberalization is mixed in
developing countries®. Gini-Coefficient of wage income distribution is also considered as the
measure of wage income inequality in addition to the skilled-unskilled wage ratio™°.

This section develops a three sector small open economy model with two traded final good
sectors and a nontraded good sector producing varieties of intermediate goods. There are three
primary factors: capital, skilled labour and unskilled labour. Industrial sector producing a traded
good uses capital, intermediate goods and skilled labour as inputs. Intermediate goods
producing sector also uses capital and skilled labour. The efficiency wage hypothesis is
introduced to explain unemployment in each of these two labour markets. It is shown that an
increase in either type of labour endowment (capital endowment) raises (lowers) the
unemployment rate of either type of labour if the scale elasticity of output is very small. On the
other hand, if the industrial sector is more capital intensive than the agricultural sector and if
efficiency functions of both types of labour are identical, then an increase in either type of
labour endowment (capital endowment) lowers (raises) the skilled-unskilled wage ratio.
However, the effect of a change in capital endowment on the Gini Coefficient of wage income
distribution is ambiguous in sign.

This section is organized as follows. Sub-section 3.3.1 describes the model; and section 3.3.2
analyzes effects of changes in factor endowments on unemployment rate, skilled-unskilled
relative wage, skilled-unskilled average income ratio and Gini-Coefficient of wage-income

distribution.

3.3.1 Description:

*® See Table 2.2 in page 11 of Marijit and Acharyya (2003).

* See Table 2.11in page 31 of Marijit and Acharyya (2003).

>0 Gupta and Dutta (2011) have also considered Gini-Coefficient of wage income distribution as a measure of wage
inequality. But, they have considered unemployment of both types of labour in a competitive general equilibrium
model.
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We consider a small open economy consisting of two traded good sectors, Y and Z, and
a nontraded good sector, X. However, there is no public input producing sector. All other
assumptions made in section 3.2 are also valid here. Skilled labour is mobile between sector Y
and sector X; and unskilled labour is specific to sector Z. Each of these two types of labour is
measured in efficiency unit; and both wage rates are perfectly flexible. There exist
unemployment in both these two labour markets; and the existence of unemployment
equilibrium is explained by the efficiency wage hypothesis which states that the efficiency of

either type of labourer varies positively with its wage rate as well as with its unemployment

rate>’.
Production functions in sectors Y and Z are same as in section 3.2 and are given by
followings.
1-a «
Y = (Lls;BKE) (Zn, x8) (3.3.1);
and
Z=1Ly K} (3.3.2).

Here, Lgy and Ly stand for the level of employment of skilled labour in sector Y and of unskilled
labour in sector Z, respectively and not endowment because there exists unemployment in
both the labour markets. Other notations indicate the same as in section 3.2.

The total cost function of the ith variety produced in sector X is given by

c(Ws,1,xp) = (+Ax) (52) r®with0< 8 < 1;u,3>0. (3.3.3).
Here, all the notations have their usual meanings used in section 3.2. Putting c =0 and

replacing Wg by (%) in equation (3.2.4) we obtain this equation (3.3.3). Effective unit cost of

employing skilled labour is given by (%)

! Our efficiency function is a special case of the more general efficiency function considered in the fair wage
hypothesis developed by Agell and Lundborg (1992, 1995) where rental rate on capital also appears as an
argument. Chaudhuri and Banerjee (2010) use this more general efficiency function.
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ws\170 g ws\ 170 ' .
Here u(T) r’ and Ax; (T) rY represent the fixed cost and variable cost of

producing the ith intermediate good, respectively. Here also, x; = x for all i; and hence the

total production of sector X is nx. Hence, equation (3.3.1) can be rewritten as

_ _ _ a(1-8)
y = 1 PO OgPO- Oy, ™5 (3.3.4).
Here also, a(l(;s) indicates the scale elasticity of output.

Using equations (3.3.1)—(3.3.4), we find that the first order condition of profit maximization in

sector Y is given by

(1-a)(1-B) _a(1-8)
1=M (%) rBU-0pay =5 (3.3.5),
h
where,
—ag—B(1-a)
M = o« B >0

(1-a)1-0) (1-B)1-)(1-B) '
Here P, and h stand for the price of the representative intermediate good and the efficiency of
the skilled worker respectively.
In the short run, the first order condition of profit maximizing in sector X is given by
5P, = ;\(%)1_6 r (3.3.6).
The group equilibrium condition is given by
W 1-0
(1-8)Px=p (TS) ré (3.3.7).

The first order condition of profit maximizing in the agricultural sector, Z, is given by

= e (2 5391

where P;, Wy and f stand for price of the agricultural good, wage rate of unskilled labour and
efficiency of unskilled labour respectively. (%) represents the effective unit cost of employing

unskilled labour. Efficiency functions of skilled labour and of unskilled labour are same as

defined in section 2.4 of chapter 2 and are given by following two equations.

h = h(Wg,vs) , withh; > 0,h, >0 andh;; <0,h,, <0 (3.3.9),
and
f=f(Wy,vy),withf; >0,f, >0andf;; <0,f,, <0 (3.3.10).
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Each of these two efficiencies is a positive and concave function in terms of every argument.

(V;S) and ( ) are minimized with respect to Wy and Wy, respectively; and the two

first-order conditions of minimization are given by following two equations.

Oh Ws _
Wi = (3.3.11),
and

_of Wy _

3Wo f =1 (3.3.12).

Equations (3.3.11) and (3.3.12) are basically two modified Solow (1979) conditions. These imply
that wage elasticities of efficiency are equal to unity in these two labour markets.
Equilibrium conditions in markets of unskilled labour, skilled labour and capital are given by

following equations.

v/,
[(1 - ( f) 7 = Ly(1 = vp)f (3.3.13);

s/ WS/ (=B+ap) WS/ —« a(1-8)
n(p+2x)(1-0) < h) + M1 -a)(1-P) ( h) <P—h> YnT s =
and

(1-v) (Wuy, 1-v) Ws; (1-6)
[(H) ( - ) Z+n(u+7\x)9< ) +
w 1-B+aB) ,w -«
MB(1 — «) < S/h> < :/h> s =K (3.3.15).
X n o

Here, vg and vy stand for unemployment rates of skilled labour and unskilled labour,
respectively. Equations (3.3.13) and (3.3.14) are unemployment adjusted equilibrium conditions
in the skilled labour market and in the unskilled labour market, respectively. Equation (3.3.15)
stands for the equilibrium condition in the capital market.

The market clearing condition in the intermediate goods sector is given by

W \ BB wg \ (0
MO(( h) (—h> o5 — DX (3316),
n §

r Px
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This model consists of twelve independent equations given by (3.3.5)-(3.3.16) with

twelve endogenous variables given by Wy, Wy, 1, h, f, vg, vy, n, X, P, Y and Z. The parameters
of the model are Ly, Lg , Kand P;.
The working of the model is described as follows. From equations (3.3.6) and (3.3.7), we solve
for x and r in terms of Wg, h and P;. Then, using equation (3.3.5) and equations (3.3.8) to
(3.3.12), we simultaneously solve for Wg, Wy, h, f, v, vy in terms of Py and n. Finally equations
(3.3.13) — (3.3.16) simultaneously solve for n, P, Y and Z.

Using equations (3.3.6) and (3.3.7), we obtain

1)
N
A(1-8)

(3.3.17);
and this equation shows that all varieties are produced in equal quantities.

If the present model excludes equations (3.3.9), (3.3.10), (3.3.11) and (3.3.12), i.e., if it is
a full employment model, then it is identical to that of Anwar (2006a). It should be noted that
Anwar (2006a), Anwar (2009) and Anwar and Rice (2009) analyse the problem of skilled-
unskilled wage inequality using this static endogenous product variety framework without

considering the problem of unemployment.

3.3.2. Change in factor endowments:

We consider exogenous change in factor endowments one by one given P;.
The relative rates of change in unemployment rates and number of varieties of intermediate

goods are obtained as follows™2.

\75 =

A=V 5. ar o(1-8) f Avy IS 5 .= \0(1-y)
sVUI—{Bu—a)me}T(BLs—K+ALU)—T {{“B“_e)(l_mfu(wU)Zv (1_VU)EVU}L5—(K—ALU)—y H

D
(3.3.18),
PPN N e | h . Vg o A RO
sVS[ (1-B(1—a)—aB)(BLs—K+ALy) 5 l{(e R 1).(1_‘/5)8‘/5}(1( ALy)+B(1 e)LSH

Yy = (3.3.19),

D

>? Derivations of equations (3.3.18), (3.3.19) and (3.3.20) are given in the Appendix (3.E).
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and

—sVUsVS[{(1—B(1—a)—ae)@+{3(1—a)+ae}(1‘y)<e h 1)}(K—AEU)

o B NPT
PPN _ 3 f Avy : : AV)nr o+
+sVUsVS{(1 B(1—a) aG){{A+B(1 )1 Y)}fn(Wu)zY (1—Vu)€vU} {B(1-)+ab} S B(1 6)}le
5 (3.3.20).
Here,
y ("%
a7 " Lu(l—Vu)f
A= > 0;
K
WS/ (1-9)
B(1-a)
(1u—nS)<Th> (9+ aa)
B= - > 0;
and

D = —&,, 8y [( — B —a) - e)[ 20y {{A+B<1—e)(1 )

f1 (WU)2

2]+ (1 - @)+ 00} 528 [f(o - —1)+<1VS>VS}+“‘9)]

(1-vyleyy h11(Ws)?

a(1-8) _ h _ _ _ Avy
+ 8 {(e h;,(Ws)2 1) + (1- VS) vs}{{A + B(l e)(l y)}f (WU)2 (1—VU)£VU} +

B(1 - 0) 9(17‘”]1 .

Evy (Evg) represents the elasticity of the efficiency of unskilled (skilled) labour with respect to
unskilled (skilled) unemployment rate.

If the efficiency function of the skilled labour is Cobb-Douglas type, then it can be shown that

a(1-8)
(h11(WS)2 + 1) < 0. If the scale elasticity of output is very small, i.e., if —— 5~ 0,thenD <0
_ N 0(1-v) _ Avy
because (1—B(1—a)— ab) [B v {{A +B(1-0)(1- y)}f (WU)2 (1_VU)SVU}] as
. (1-v) . h . . . e
well as {B(1—a) + 0(9}—Y B [{(9 WAL 1) +—(1 o) VS}+ (1-10)] is positive. So,

-95) .

from equations (3.3.18), (3.3.19) and (3.3.20), we can conclude that, if 2 is very small, then

both vg and vy vary positively with Ly and Lg and inversely with K. This leads to the following

proposition.

139



PROPOSITION 3.3.1: An increase in either type of labour (capital) endowment raises (lowers) the

unemployment rate of either type of labour if the scale elasticity of output is very small.

The intuition behind this result is the following. When one type of labour endowment is
increased then unemployment rate of that type of labour is also increased; and perfect inter
sectoral mobility of capital explains the increase in unemployment rate of another type of
labour. If capital endowment is increased, then demand for both types of labour are increased
due to perfect inter sectoral mobility of capital; and so unemployment rates of both type of
labour are reduced. On the other hand, an increase in skilled labour endowment and/or capital
(unskilled labour) endowment raises (lowers) the number of varieties of intermediate inputs.
This is so because only capital and skilled labour and not unskilled labour are used as inputs to

produce intermediate goods.

3.3.2.1. Skilled-unskilled relative wage:

Relative rates of change in wage rates of skilled workers and of unskilled workers are given by

~ sVSh ~
s = WVS (3321),
and
~ _ gyyf
WU = fr(W0)? Vuy (3322)
Using equations (3.3.21) and (3.3.22), we obtain
AT Y svsh o sVUf
A= WS WU = AL Vg f1(W)2 Vuy (3323)

w . . .
where, A= W—S represents the skilled-unskilled relative wage.
U

Using equations (3.3.18), (3.3.19) and (3.3.23), we have

f
f11(Wy)?

A= gvyEvg (BLs—K+ALy) [_ h
D h11(Ws)?

(B(1— ) +ad) 2+ (1-B(1— o) — ab)]

(l_VU)SVU

_ sVUEVS (1(1—8) h _ _ f AVU
b o [{hu(ws)z {{A+B(1 A - aom }

f . ~ 0(1-y) h f . L _ Vs
+ f11(Wy)? B(l e)} LS { Y hy1(Wg)2 + f11(Wy)? {(e hy1(Wg)2 1) + (1_VS)£VS}}
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(K- ALy)] (3.3.24).

Here, ———— is the reciprocal of the elasticity of marginal efficiency of unskilled labour,

of . . . o _—
——, with respect to unskilled wage rate; and this always takes a negative sign. Similarly,

i.e.
" oWy

. . - . - . . oh .
is the reciprocal of the elasticity of marginal efficiency of skilled labour, i.e., —, with
hy;(Ws)? dWsg

respect to skilled wage rate and this is also always negative. So both are

f
and
f1:(Wy)? hy11(Ws)?
always negative.

We consider a special case where

f _ h
f11(Wy)?2  hy1(Ws)2

=0<0.

This special case arises when the efficiency functions of two types of labour are
identical.

Then equation (3.3.24) is reduced to the following.

A= oo Bl g1 — ) — af]

_ Evylvg a(1-8)9
D 8

{{{A+ B(1-6)(1 —y)}g—L} +B(1 - G)IES - (5524

(1_VU)£VU

{(e —9-1+ (HV#S}} (R- Af,U)l (3.3.25).

Equation (3.3.25) shows that, when the scale elasticity of output is weak, i.e., when

a(1-8)

— 0, the effects of changes in different factor endowments on the skilled-unskilled wage

ratio depends on the nature of capital intensity ranking between the industrial sector and the
agricultural sector. Even if capital intensities are same in both the sectors, i.e.,, y = (1 —a) +
ab, then also we find a change in the skilled-unskilled wage ratio due to changes in factor
endowments and this phenomenon is explained by the presence of specialization based
external economics. So, from equation (3.3.25), we can conclude that the effect of changes in
different factor endowments on the skilled-unskilled wage ratio depends on: (i) capital intensity
ranking between the industrial sector and the agricultural sector, (ii) the magnitude of the scale
elasticity of output and (iii) properties of efficiency functions of two types of labour.

We can establish the following proposition.
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PROPOSITION-3.3.2: If the industrial sector is more capital intensive than the agricultural sector

and if efficiency functions of both type of labourer are identical, then an increase in either type
of labour (capital) endowment lowers (raises) the skilled-unskilled wage ratio when scale
elasticity of output is very low.

The intuition behind this result is as follows. An increase in the skilled labour
endowment is not accompanied by corresponding increases in the demand for skilled labour in
the industrial sector and in the intermediate good producing sector. So the skilled wage rate
falls and the rental rates on capital in those sectors go up. Hence capital moves from the
agricultural sector to the industrial sector and to the intermediate goods producing sector. So
the demand for unskilled labour is also reduced; and this leads to a fall in the unskilled wage
rate. However, as the industrial sector is more capital intensive than the agricultural sector, so
the rate of decline in the skilled wage rate exceeds that of the unskilled wage rate. Hence
skilled-unskilled wage ratio falls. Same mechanism explains why an increase in unskilled labour
endowment also lowers the skilled-unskilled wage ratio. Finally, when capital endowment is
increased, demand for skilled labour as well as the demand for unskilled labour goes up. Since
both labour endowments remain unchanged, the two wage rates go up. Once again capital
intensity ranking assumption between the industrial sector and the agricultural sector explains

why skilled-unskilled wage ratio should be increased.

3.3.2.2. Skilled-unskilled average income ratio:

In the presence of unemployment, the skilled-unskilled average income ratio can be

derived in similar fashion as in section 2.4 of chapter 2. Here,

_ Ws(-vs),
Wy (-vy)’

and Wg(1 — vg) and Wy (1 — vyy) represent average incomes of skilled workers and of unskilled
workers respectively.

The relative rate of change in the skilled-unskilled average income ratio is given as follows.

R=W. ——Y5 6. —W vy o
R=Ws — s Vs ~Wut oV (3.3.26).

Using equations (3.3.18), (3.3.19), (3.3.21) and (3.3.22), we obtain
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o D h1;(Ws)2  (1- Vs)gv {B(1 - o) + 0B}
f _ vy B B _
<f11(WU)2 (1—VU)SVU) 1-pA-a) 0(9)]

_ Evytvg a(1-6) ( h ) _ _t
5 [{ AEEE VS)SVS {{A+B(1 01 -V} (wU>2y

Avy }+( S T )3(1—9)}15

B (1-vy)eyy f11(Wy)?2  (1-vyeyy
_ {9(1—Y) ( h _ Vs ) + ( f _ vu )
Yy \h11(Ws)?  (1-vs)eyg f1:(Wy)?2  (1-vyleyy
{(9 ——h 1) + V—S} (K - AEU) (3.3.27).
hy1(Wg)? (1-vs)eyg

In the special case, where

f _ Vu _ h _ Vs —
(fu(Wu)2 (1—VU)SVU> (}111(Ws)2 (1—Vs)€vs) b<o,

equation (3.3.27) is reduced to the following.

EvyEvg (BLs—K+ALy)9

R= = [y = B(1 — ) — ab]
_ Evyevg a(1-8)9
D 1)
{(A+B(1-0)(1- y)}( G- VVUU)EVU) A 4 B(1-0) D —
Y (1-vy)ey, S
{6(1 Yi@-1- 8)} (R- AEU)] (3.3.28).

So equation (3.3.28) is very similar to equation (3.3.25). While defining skilled-unskilled relative

wage, A, we do not incorporate the unemployment rates. However, the definition of R includes

unemployment in two labour markets; and hence the second and the fourth terms appear in

equation (3.3.26) and not in equation (3.3.23). This is how equation (3.3.28) differs from

equation (3.3.25). If a(l 5

— 0, then these two equations are identical. So, in this special case,

comparative static results on relative wage and on average income ratio with respect to

changes in factor endowments are qualitatively similar.
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3.3.2.3. Gini Coefficient of wage income distribution:

Here we introduce Gini-coefficient as a measure of wage inequality like that in section
2.4 of chapter 2; and this Gini-coefficient, denoted by G, is same as that in equation (2.4.24)

found in section 2.4. Here

(Nvy+Svg){N(1-vy)+S(1—-vg)A}+NS(1-vy)(1-vs)(A-1)
(N+S—1D{N(1—vy)+S(1—vs)A}

G = (3.3.29);

Using equation (3.3.29), we obtain
G = A,9y + B, + C,A (3.3.30);
where,

vy[NS2(1-vs)2A+2N2S(1—v)(1-vs)A+N3 (1—vy)?]
G(N+S—-1){N(1-vy)+S(1—vs)A}?

A2= >O,

vs[N2S(1-vy)2+2NS2(1-vy)(1-vs)A+S3(1-vs)2A?]
G(N+S—D{N(1-vy)+S(1-vg)A}2

BZ = > O,
_ AINS(1-vy)(1-ve){N(1-vy)+S(1-vs)}]

C, = G(N+S—1D{N(1-vy)+S(1-vg)A}2 > 0.

This equation is same as equation (2.4.25); in section 2.4.
Here, ¥, ¥y and A are given by equations (3.3.18), (3.3.19) and (3.3.24) respectively. Equation
(3.3.30) implies that the relative rate of change in the Gini Coefficient of wage income
distribution is explained not only by the relative rate of change in the skilled-unskilled relative
wage but also by relative rates of change in unemployment rates of two types of workers. Here
A,, B, and C, represent elasticities of Gini-Coefficient with respect to unemployment rate in
the unskilled labour market, unemployment rate in the skilled labour market and skilled-
unskilled wage ratio respectively.

We analyse the effect of a change in capital endowment, K, on the Gini Coefficient in
the same way as done in section 2.4. So putting N =S =0 and using equations (3.3.18),

(3.3.19) and (3.3.30), we obtain
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(1-8) h L,V 1-8),0-v)
AZsVS{(l—B(l—OO—O(G) 5 ((e o 1>.(1_VSS)£VS>}+B2st{{B(l—a)+a6}+aTe}Ty

-~

K+

D

C,A (3.3.31),
where A is given by equation (3.3.24) for N = S = 0.

An exogenous change in the capital stock affects the degree of wage income inequality
of the workers in two different ways. First, it alters unemployment rates in two labour markets.
Secondly, it causes a change in the skilled-unskilled relative wage. The combined effect
operated through changes in unemployment rates in two labour markets is represented by the

first term of the R.H.S. of equation (3.3.31); and its second term shows the effect working

through change in the skilled-unskilled wage ratio. If@ — 0, then the first term in the R.H.S.

of equation (3.3.31) is negative. This implies that an increase in capital stock lowers the
combined unemployment of both types of labour. On the other hand, since the industrial sector
is more capital intensive than the agricultural sector and efficiency function of both types of
labour are identical, second term of R.H.S. of equation (3.3.31) is positive. This means that an
increase in capital endowment raises the skilled-unskilled wage ratio. So, the final effect of a
change in K on the value of G is ambiguous in sign. We can establish the following proposition.

PROPOSITION-3.3.3: If the industrial sector is more capital intensive than the agricultural sector

and if efficiency functions of both type of labourer are identical, then an increase in capital
endowment may cause the Gini-coefficient of wage income distribution and the skilled-unskilled

relative wage to move in opposite directions when scale elasticity of output is very low.

3.4 LIMITATIONS

We consider a static model where skilled labour and capital do not accumulate over
time. There are many restrictive assumptions in this model. There is no education sector that
produces skilled labour and also there is no nontraded final good in this chapter. Different
varieties of intermediate goods are assumed to be produced with identical technologies.
Industrial sector does not use unskilled labour.
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In section 3.2, we have a public intermediate good producing sector and our assumption
that this public intermediate good producing sector does not use skilled labour as input is a
restrictive one. More importantly, this public intermediate good is specific to the sector
producing varieties of private intermediate goods; and is neither used in the agricultural sector
nor used in the final good producing industrial sector. We also do not consider Lindahal pricing
and optimum provision of the public input. While deriving results from this model; technical
complications compel us to assume that agricultural sector and public intermediate goods
sector have identical production technologies.

In section 3.3 of this chapter, we introduce involuntary unemployment equilibrium in
both the labour markets and explain unemployment using efficiency wage hypothesis. So the
model developed in this section is subject to the same set of limitations as applied in the

section 2.4 of chapter 2.
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Appendix (3.A):

Derivation of equations (3.2.16), (3.2.17) and (3.2.18):

From equation (3.2.10), we obtain

Wy (3.2.A.1).

Using equations (3.2.14) and (3.2.15), we have

wo\CBraB) i \(1- _ TR
«(7) ) ==ereas
= —B(1—a)(Ws —#) + (1 — o)(Ws —B) + 7 - “(18‘5) i=f—oG (3.2.A.2).

Using equations (3.2.6), (3.2.8), (3.2.A.1) and (3.2.A.2), we have

{6—-B(1-a)—aB}(1—Y) &

Wy — (1+%2

§

0—pB(1—a) — aB}Ws + ) A =—(3.2.1+0)Y(3.2.A3).

Using equations (3.2.2), (3.2.8) and (3.2.A.1), we have

_Ba-oradiay g @ﬁ =0 (3.2.A.4).

{1-B(1 - ) — aB}Ws
Using equations (3.2.12), (3.2.14) and (3.2.15), we have

ny 5 ws\7® | 1-0(-p)  Pynps _
§(1+(1_8))(1—e)(7) P e = s (3.2.A.5).

Using equations (3.2.8) and (3.2.A.5), we obtain

- (1-a)(1-B)
TS Wt {1 —0) + =20 = owgLg (3.2.A.6).
Using equations (3.2.6), (3.2.A.1) and (3.2.A.6), we obtain
—OWs — 2O +fi = Tg + oY (3.2.A.7).

Using equations (3.2.A.3), (3.2.A.4) and (3.2.A.7), we have
Ws=Y-1Lg (3.2.A.8);

@ = 7[1-B-w)-a8-222 (0 +0)|-Ls[1-B(1-w)-a8- 21D (e-1)|

U ( _ ) 0 (3.2.A.9);
= 0p-e+)

and

Ls[B(1—a)+a8-8]+Y[0+o{B(1—a)+ab}]
(Ba-w+%)

=>
Il

(3.2.A.10).
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Equations (3.2.A.8), (3.2.A.9) and (3.2.A.10) are same as equations (3.2.16), (3.2.17) and

(3.2.18) respectively in the body of the chapter.

Appendix (3.B):

Derivation of equation (3.2.20):

Using equation (3.2.11), we have

)7 E T () ) e e

Using equations (3.2.13), (3.2.14), (3.2.15) and (3.2.A.11), we have

() womr{(35) - () + s et o+ BT = vk () Wl

>(2) Twe {(E) - (E)HA - Wy +ye+ )

+ cc?f-&) W' ~Or® {9 + _B(la_a)} {fi+(1-0)Wy +6f—o¥} =

rK(F + R) = (1) WoLy (Wy + Ly) 3:2A.12)

Using equations (3.2.6), (3.2.A.1) and (3.2.A.12), we have

Y

. rKR—=WyLyLy+AL
{=— 0% BU b (3.2.A.13),
where,
(" w a-vy_ G-v?
A= [{ (l—y) Wy ey T
(1-y) ( K 0{B(1—a)+aB} )+ Y L } 1—[3(1—0()—0(9—@(9—1)
YWsLs \WsLs  {(1-B)(1-)+a(1-8)}) ' (1-y) U U UV (p(1-a)+22)

7

+

WsLs{B(1-0)+ab} {(1—a)(1—[3)e+‘%9(1_9)}
{1-B)(1-)+a(1-0)} (B-0+9)

and,

B = [{_ (J_y)_y WU(l—Y)rY%

(1—y)( kK 8{B(1—a)+u6} )+ Y WL } 1—6(1—a)—a6—@(6+0)
YWsLs \WsLs  {(1-p)(1-w+a(1-8)}) ' (1-y) U U UV (p(1-o0+22)

Y\ Y G-v)y =)
+(1—v) W T e Ay
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WsLs(B1-c0+a8} {(1-00-225"P)o+(1-a)(1-0)+3(1-0) +abo}
{(1-B)A-w)+a(1-6)} (Ba—c0+D)

Equation (3.2.A.13) is same as equation (3.2.20) in the body of the chapter.

Appendix (3.C):
Derivation of equations (3.2.16.1), (3.2.17.1) and (3.2.18.1):

From equation (3.2.10), we obtain

$= lfpz (1-v)

Wy (3.2.A.1.1).

Using equations (3.2.14) and (3.2.15), we have

a(1- 8)

= oG (3.2.A.2.1).

“B(1— ) (Ws — ) + (1 — o) (Ws — B) + 7 —

Using equations (3.2.6), (3.2.8), (3.2.A.1.1) and (3.2.A.2.1), we have

— — ) — 1 {6-B(1-a)—ab}(1-y)
{6 —B(1—0a) —ab}Ws + v

Wy (1 e 5)) —(1+0)7+

O-pa-0-a®p _ 5 (3.2.A.3.1).

Using equations (3.2.2), (3.2.8) and (3.2.A.1.1), we have

(1 - B(1— o) — aBW, — BAQ+OAN @ a8 (Ba-dradlp ¥ g

Y v 8 Y Z 1y

(3.2.A.4.1).

Using equations (3.2.6), (3.2.A.1.1) and (3.2.A.6), we obtain

—oW, — 2V F 4 f =07 - —PZ + ol (3.2.A.5.1).

Using equations (3.2.A.3.1), (3.2.A.4.1) and (3.2.A.5.1), we have

O _ i,\

Ws =Y P (3.2.A.6.1),

. [1-B(1-0)-ad- 20 +0) |7+ o (B1-)+ ) ~22G =2 B+ [B(1-c0 +55 P

WU (1 y) (3.2.A.7.1),

LB~ 0+%)
and
UV (1 ) + B+ ¥[0+0{B(1—c) +ab}]
fi=— (3.2.A.8.1).

(Ba-w+%)
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Equations (3.2.A.6.1), (3.2.A.7.1) and (3.2.A.8.1) are same as equations (3.2.16.1), (3.2.17.1) and
(3.2.18.1) respectively in the body of the chapter.

Appendix (3.D):

Derivation of equation (3.2.20.1):

Using equations (3.2.13), (3.2.14), (3.2.15) and (3.2.A.11), we have

1) W {2) - () gt o+ 52 e ()t

> (%)_Y Wy () = () HA - Wy + v+ 9)

1-y 1-y

1-6..6 B(la),\ St a0 o (Y .
+ S Ws {o+ 22 a+ (1 - 0)Wy + 67 — 0¥} = rKr (1_y) Wy Ly Wy
(3.2.A.9.1).
Using equations (3.2.6), (3.2.A.1.1) and (3.2.A.9.1), we have
7= @ (3.2.A.10.1)
where,
— (Y W av .y G-ne Y\ Vi G-y .y -v)?
¢ (1—y) W T e sy t (1—y) W T Ay T @ y)z Woly;
and,
D=
. K __ 8Ba-w+ad) \ _ (v \* ¥
(1-$)WsLs (WsLs {(1—[3)(1—a)+a(1—e)}) ((1—y)) g Wolu +
ca(1-8)y {GWSLS{B(l o)+ab} Y ( K 0{B(1—)+uB} ) WL }
81-1)(BA-w+2) Ua-PA-w+a(1-0)} * A-PWsLs \WsLs  {1-B)A-w)+a(1-8)}) * (1~ y) umu
Equation (3.2.A.10.1) is same as equation (3.2.20) in the body of the chapter.
Appendix (3.E):
Derivation of equations (3.3.18), (3.3.19) and (3.3.20):
From equations (3.3.9) and (3.3.10), we obtain
h =Ws + &, 0 (3.3.A.4).
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and

f=Wy + ey, 0y (3.3.A.5).
From equation (3.3.8), we obtain
?=_“7KWb—ﬂ (3.3.A.6).

Using equations (3.3.5), (3.3.6), (3.3.A.2), (3.3.A.3), (3.3.A.4), (3.3.A.5) and (3.3.A.6), we obtain

—ey (1 — B(1 — &) — aB)¥s + £y, (B(1 — @) + b} (1;” 9y -2 =0 (3.3.A.7).
Using equations (3.3.16) and (3.3.17), we have
a(1-8)

o n(1+—5 )

R venrs W5 \ PP g G (3.3.A.8).
=) ()
Using equations (3.3.14) and (3.3.A.8), we obtain
Ws/ -6
[ /n _ a-pa-o) _ _
L 5>< : ) ((1 6) + 4P ) = Ls(1 = v)h (3.3.A.9).
Using equations (3.3.A.2), (3.3.A.3), (3.3.A.4), (3.3.A.5), (3.3.A.6) and (3.3.A.9), we get
_ h _ Vg A 9(1—Y) A A — «~

Evg {(9 SCTAE 1) + —(1_VS)£VS}VS + gy, ” Vy + 1 = Lg (3.3.A.10).

Using equations (3.3.13), (3.3.15) and (3.3.A.8), we obtain
A+B=1 (3.3.A.11),

where,

WU/
Y f
(1_Y)< T >LU(1—VU)f

A= > 0;
K

WS/ (1-0)
un h B(1-0)
(1—8)( r > (9+ (04 )

K

B= > 0.

Using equations (3.3.A.2), (3.3.A.3), (3.3.A.4), (3.3.A.5), (3.3.A.6) and (3.3.A.11), we get

~ f Avy A~ A _ T AT
—&y B(1—0)¥5 + &y, {{A +B(1-0)(1-v)} Wy (l—vU)st}VU + Bi = K— ALy

(3.3.A.12).
Using equations (3.3.A.7), (3.3.A.10) and (3.3.A.12), we have
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<D
7
Il

a(1-8)
8

—{B(1— A=Y) (Bl —R+ALq ) —
svul BO-w+abF— (BLs—K+ALy) aworly (=vu)ey

{{A+B(1_e)(1"m P e }Ls (R-ALy)2 Y Y)H

D

(3.3.A.13),
a(1 -8)[ h )
X [ (1-B(1—a)—aB)(BLs—K+ALy) l{(e W) 1) = vs)EV }(K ALy)+B(1- G)LS”
Vy = D
(3.3.A.14),
and
o ey Evg {(1—B(l—a)—ae)@Hs(l—aHae}(l;”(e hu(l\l/vs)z 1)}(K—AEU)
- D
N f Av _ _ ﬂ _ -~
+sVUsvs{(1—[3(1—0()—aG){{A+B(1—6)(1—Y)Jf11(WU)2y (1_VU[)J£VU} {B(1-)+ab} S B(1 6)}le
D
(3.3.A.15);
where,
_ N 6(1 6(-y) _ __f
D = —ey,6v, [(1 - B(1 — @) — a0) |B (A +B1-01 - V—m
Avy _ (1-y) _ h _ .
—(1—vU)st}] + {B(1 — ) + aB} v B[{(e AT 1) +(1 VS) VS}+ (1 e)]
a(1-8) _ h _ Vg _ Avy
+ 8 {(e h;1(Ws)2 1) + (1-vs) vs}{{A + B(l e)(l y)}f (WU)2 (1—VU)£VU} +

0(1-vy)
B(1 — 0) Ty]l .

Equations (3.3.A.13), (3.3.A.14) and (3.3.A.15) are same as equations (3.3.18), (3.3.19) and
(3.3.20) respectively in the body of the chapter.
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Chapter 4

A dynamic model with international trade and

international knowledge spillover

4.1 INTRODUCTION

This chapter presents an open economy version of the closed economy model
developed by Kiley (1999). It is a two commodity model with international trade and
international and inter-sectoral technology spillover. In Kiley (1999), the cost of developing a
new specific intermediate good depends on the number of varieties of those specific
intermediate goods available and on the level of existing research but not on the intensity of
inter-sectoral knowledge spillover effect. The question of international knowledge spillover
does not arise in that model because Kiley (1999) considers a closed economy. However, in the
present model, this cost also depends on the intensity of international as well as inter sectoral
knowledge spillover effect. The motivation of the present research comes from the existence of
several empirical studies which support the incidence of this international knowledge spillover.
This empirical literature includes works of Branstetter (2001), Coe and Helpman (1995), Coe et.
al. (1997), Lichtenberg and Potterie (1998), Griliches (1992), Keller (2002) etc. They show that
foreign R&D has beneficial effects on domestic productivity and the strength of these positive
effects vary positively with the degree of openness. According to Keller (2002), the contribution
of R&D in the mother industry itself is about 50%, and in other domestic industries is about

30%. The remaining 20% is contributed to foreign industries.

153



In our model, the cost of developing new intermediate goods is reduced due to positive
international and intersectoral knowledge spillover effects. We have two final goods in this
model which are not perfect substitutes. We derive many interesting results. The skilled
unskilled wage ratio is affected by the intensity of international knowledge spillover directly as
well as through inter country difference in relative factor endowments. In the long run
equilibrium of a closed economy, the relationship between the skilled unskilled wage ratio and
the skilled unskilled labour endowment ratio is ambiguous; and the nature of this relationship
depends on the degree of consumer’s indifference substitution between the two final goods. A
direct relationship may (must) be obtained only if these two goods are highly (perfect)
substitutes. In the one commodity model of Kiley (1999), we always obtain such a positive
relationship. However, when international trade is opened, we always find a positive
relationship between the wage ratio and the domestic factor endowment ratio in the long run
equilibrium of a small open economy. The effect of the opening of trade on the long run
equilibrium skilled unskilled wage ratio depends not only on the inter-country difference of
factor endowment ratios but also on the intensity of spillover effects. If factor endowment
ratios in both the countries are equal and if the foreign country has a larger endowment of each
of the two factors, then the globalization policy leads to a rise in the skilled-unskilled wage ratio
in the home country in the presence of spillover effects.

This chapter is organized as follows. Section 4.2 describes the model and section 4.3
analyses properties of it’s the balanced growth equilibrium. The equilibrium under autarky is
described in subsection 4.3.1 and the effect of opening of trade is analysed in sub section 4.3.2.

Limitations of the model are described in section 4.4.

4.2. The Model:

There are two countries in the world; and each of them has two factors of production-
unskilled labour and skilled labour. The unskilled labour is used to produce a traditional final
good, YY; and an advanced final good, Y5, is produced by skilled labour. These two goods are

not perfect substitutes to consumers. In Kiley (1999), both the sectors produce the same
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commodity. Some intermediate goods complement skilled labour and other intermediate
goods complement unskilled labour. Intermediate goods complementing skilled labour are
denoted by X; and those complementing unskilled labour are denoted by Z. New intermediate
goods are developed by the R&D sector in each of the two countries. Production technologies
in the two final good sectors are identical in both the countries. However, these two countries
may differ in terms of their factor endowments. H(H*) and L(L") stand for skilled labour
endowment and unskilled labour endowment of the home (foreign) country respectively.

The home country is a small open economy and thus is a price taker in the world
market. However, the foreign country, which is basically the rest of the world, is essentially a
closed economy. Due to international knowledge spillover from the advanced R&D sector in the
rest of the world to that in the home country, the advanced R&D sector in the home country
enjoys a cost advantage in the production of new intermediate goods used for the production
of the advanced final good. Also there exists localized knowledge spillover from the advanced
R&D sector to the traditional R&D sector in the home country; and this gives a cost advantage
to the traditional R&D sector of the home country. However, there is neither any international
knowledge spillover nor any intersectoral knowledge spillover in the model of Kiley (1999).
Markets for final goods and primary factors in both the countries are perfectly competitive.
Intermediate goods are rented; and every intermediate good producer is a monopolist in the
rental market. Factors are internationally immobile; and consumers in both the countries have

identical tastes.

4.2.1. Final goods:

The description of two final goods producing sectors is identical to that found in Kiley

(1999). The production functions of two final goods produced by firm i at time t are specified as

follows.
_ M(t) a .,
Y = (L@ [T (Zig) dj (4.1);
and
¥§ = (Hi0 0 [N (Xig) dj, with 0 <a < 1 (4.2).
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Here, Zj; and Xjy; are the quantities of jth variety of intermediate good and L;; and H;; are the
guantities of unskilled labour and skilled labour used by ith competitive firm in the production
of traditional final good and advanced final good respectively at the time point t. Numbers of
varieties of intermediate goods that complement skilled labour and unskilled labour at time
point t are denoted by N(t) and M(t) respectively.

The instantaneous profit functions of the ith competitive firm in sectors producing

YVand YS are given by

_ M(b) a .. M(t) .
MY = L™ [ (Zig) di = f; B Zigdj — WP Lig (4.3);
and,

Lo Ny Ny N .
M = (Hi)®™ [ (Xig) dj— ) PXigdj — WH;e (4.4).

HiU and His stand for profit of the ith firm in the U sector and in the S sector respectively in
terms of its own sectors product. IIU is maximized with respect to L;; and Ziyj; and I is
maximized with respect to H; and X;y; given the input prices. Here, P and P§ are rental prices
of the jth intermediate good used as input in the traditional final good sector and in the
advanced final good sector, respectively; and these are expressed in terms of the final product
of the corresponding sector. Pg is the relative price of the advanced final good in terms of the
traditional final good. Wland W are wage rates of unskilled labour and skilled labour,
respectively, at time point t expressed in terms of the product of the corresponding sector. First

order conditions of profit maximization in both the sectors to be valid at each t are given by

followings.

U _ (1-a) @-1) _
PY = (Lin® ¥a(Zy) (4.5);

_ (a-1)

P = (Hi) @ a(Xiy) : (4.6);
WS = (1 - a)PN(OH (X)) (4.7);
and,
WY = (1 - aM(OL(Zy)" (4.8).
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4.2.2. Intermediate goods:

Intermediate goods are nontraded and are durable in nature without having any
depreciation; and these are rented to final good sectors. One unit of intermediate good of
either type is required to produce one unit of the corresponding final good. The intermediate
good can be used from the period in which it is developed. Then the discounted present value
of profit of the jth intermediate good producer, who supplies it to the final good sectors, over

the infinite time horizon are given by followings.

V() = ftoo e TY(PS — r)Xjdr (4.9);
and,
VP(® = [ e Y(BY - r)z;.de (4.10).

Here,VjS(t) and V]-U(t) are the discounted present values of profits earned from renting; and r is
the constant real interest rate that plays the role of marginal cost of renting as well as of the
rate of discounting future return.

Now, from equations (4.5) and (4.6), we derive demand functions for jth intermediate

good of the ith firm in the two final goods sectors as follows.

(=)

1-a

Zi = Lit (p—u) (4.12);
jt

and,
&)

Xij = Hit (P—_s) (4.12).
jt

The producer cum reinter of each of these intermediate goods is a monopolist
maximizing its corresponding rental income subject to the demand constraint. Both the
demand functions shown by equations (4.11) and (4.12) have constant price elasticities of
demand denoted by (ﬁ), and these imply that monopoly profit maximizing prices of
intermediate goods are also constant and given as follows.

_r

p}% = p]‘tJ == (4.13).
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So these monopoly prices vary neither across varieties nor over time. Now, using the
assumption that labour endowments are fixed and time independent and also using equations

(4.11), (4.12) and (4.13), we obtain equilibrium quantities of intermediate goods given by

X=H (a;)(ﬁ) (4.14);
and
Z=1 (“72)(%) (4.15).

So aggregate uses of intermediate goods are linear in terms of specific labour endowments in
each of the two sectors.
Using equations (4.1), (4.2), (4.14) and (4.15), we obtain aggregate output of two final good

producing sectors as follows.

Yy = M(t)L (“72)(&) (4.16);
and
YS = N(OH (“72)(%) (4.17).

So level of outputs of final goods are linear in terms of number of varieties of specific
intermediate goods; and this ensures that the rate of growth of final output in a particular
sector is equal to the rate of expansion of the number of varieties of intermediate goods
specific to that sector, given the factor endowment.

Now, using equations (4.9), (4.10), (4.13), (4.14) and (4.15), we obtain infinite time
horizon discounted present values of profit of intermediate good producers for advanced and

traditional final good sectors as follows:

VS(t) = (%")X (4.18);
and
VU(t) = (1%“) A (4.19).
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4.2.3. R&D sector:

Expansions of the number of skill augmenting or unskill augmenting intermediate goods
cause growth in output of the corresponding final good sector. However, this expansion process
is costly. New intermediate goods are developed through R&D activities. We follow Kiley (1999)
to assume that the cost of development of new specific intermediate goods varies positively
with the number of varieties of specific intermediate goods and inversely with the level of
existing research (R(t)). It is also assumed that existing research level, R(t), is same in both
the countries. However, there exists positive inter-sectoral spillover effect from the skill
augmenting R&D activities to the unskill augmenting R&D activities in the home country
because unskilled workers learn how to improve their efficiency while working with skilled
workers. Also there exists positive international spillover effect from skill augmenting R&D
activity in the foreign country to that in the home country because knowledge capital whose
accumulation generates skill is always internationally mobile. However, there is no international
spillover effect between unskilled labour augmenting activities of two countries because they
are not at all connected to each others. Kiley (1999) does not consider any spillover effect.
Costs of developing skill augmenting new intermediate goods and unskill augmenting new

intermediate goods are denoted by I'S and I'Y, respectively; and these cost functions are given

as follows
o]

rs = %?KZ withK; > 1,8, > 0and K, > 0 (4.20);
ol

and,
Z[m]“lq

V= —e—withK;q > 1,8, > 0,9 # 1,K3 > 0and K;q > K; (4.21).

R(t)
These cost functions are increasing and convex in terms of N(t) and M(t) respectively because
K; > 1 andK;q > 1. However, the presence of knowledge spillover always produces a
downward effect on these cost functions because K, > 0 and K5 > 0. Here §; and §, are the

reciprocals of the productivity parameters in the two R&D sectors.

159



K, > 0 in equation (4.20) implies that the positive international knowledge spillover is allowed
from the advanced R & D sector of the foreign country to that of the home country. Here N*(t)
is the number of varieties of advanced intermediate goods in the foreign country and the
numerical value of K, denotes the magnitude of international knowledge spillover efficiency.
K5 > 0 in equation (4.21) implies that the positive inter sectoral knowledge spillover takes
place from the advanced R & D sector to the traditional R & D sector in the home country; and
the numerical value of K3 denotes the magnitude of inter sectoral knowledge spillover
efficiency. This is less than the own technical efficiency parameter of the traditional R&D sector,
denoted by K;q. We go back to Kiley (1999) when K, = K3 = 0 and q = 1. It should also be
noted that results of this model may be changed substantially if restrictions imposed on these
parameters are altered. We follow Kiley (1999) to assume K; > 1. However, what River-Batiz
and Romer (1991) and Wang et. al. (2009) assume is equivalent to assuming K; < 0.

Markets for R & D designs are perfectly competitive. In competitive equilibrium of the R & D

sector, we also have

s = ys (4.22);
and,
rv=vvu (4.23).

If the value of the firm producing the intermediate good is greater than cost of
developing the R & D design entry would occur until the cost equals the value. So equations
(4.22) and (4.23) are the conditions of no entry and no exit in the advanced and traditional R &
D sector respectively.

We follow Kiley (1999) to assume that the level of existing research, denoted by R(t), grows
over time at a constant rate.

So, we have

R=gR (4.24).

where g is the exogenous growth rate.
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4.2.4. Consumers equilibrium:

The representative consumer consumes each of the two final goods; and her problem is to
maximize the discounted present value of instantaneous utility over the infinite time horizon. It

is given by

fooo e VYBC,” + (1 - B)Cs_p]_% dt, with —1 < p <« and with p # 0.
This is maximized subject to the intertemporal budget constraint given by
J,” e [Cy + PpCsldt = [ e " [WLL + Wi H]d.

Here W L and WyH can be added because equation (4.13) shows that prices of
intermediates are same in two sectors. y is the constant consumption rate of discount; Cy and
Cs are the consumption levels of two goods of the representative consumer; p is the
substitution parameter of the two goods in the utility function; r is the interest rate; and
(W_L + WyH) is the total income of the representative consumer>>,

Now, solving the consumer’s utility maximization problem, we obtain

_ (a-pcPty

F = Bcgp+1) (4.25).

Here the R.H.S. of equation (4.25) represents the marginal rate of indifferent substitution

between two final goods.

4.3. Balanced growth equilibrium:

Along a balanced growth path, levels of output of the two sectors (YVand Y¥),
consumption levels of the two goods (C;; and Cs), the stock of existing research level (R), the
number of varieties of skill and unskilled complements (M and N) and the wage rates of two

types of labour (W, and W) grow at same rate 954.

>3 |f we consider two different representative consumers- one for skilled workers and the other for unskilled, then
also we should have equation (4.25) for the equilibrium of each of them provided that their preferences are
identical.

>* This rate of growth is obtained from equation (4.24)
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Now, we want to examine the effect of the opening of trade on skilled-unskilled relative wage
in the home country in the balanced growth equilibrium. So we derive the skilled unskilled
wage ratio in the balanced growth equilibrium in the following two cases: (i) the home country
is closed to international trade and (ii) the home country is a small open economy whose
relative product price Pr is equal to that obtained in the competitive equilibrium in the rest of
the world. Kiley (1999) can not analyse the effect of the opening of trade on skill-unskilled wage
ratio with the one final good model. We now use superscripts tr and au to denote the variables

of the home country under free trade and under autarky respectively.

4.3.1. Wage inequality under autarky:

Under autarky, there is no effect of international knowledge spillover. So K, = 0. Supply

equals to demand in the competitive equilibrium for each of two final goods market in the

home country. Hence we have following two equations

a([NY %, dj
YS =Cg + (f"d—t”]) (4.26);
and,

d(foM(t) Zig d]')
YU = gy + (4.27).

Equations (4.26) and (4.27) show that total supply of each of the two products is equal
to total consumption demand plus total investment demand for that product. Here
intermediate goods are modeled as durables as in Romer (1990). So only the newly invented
intermediate goods use resources.

Using K, = 0 and also using equations (4.14), (4.15), (4.18), (4.19), (4.22) and (4.23), we obtain
the following equation®’

K1(q-1)-K3
K%q

a

& = s e ()

K1(1-q@)-K3
K%q

(4.28).

v )@ o)

> Derivation of equation (4.28) in detail is obtained in Appendix (4.A).
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Then, using equations (4.14), (4.15), (4.16), (4.17), (4.25), (4.26) and (4.27), we obtain the

competitive equilibrium relative price of the advanced final good under autarky as follows°.

pau = @(&)(94'1)

5 \nm (4.29).
Using equations, (4.7), (4.8), (4.14) and (4.15), we have’
wSsy N\ U
(W) - Pl?u (M) (430)
Using equations (4.29) and (4.30), we obtain
wS\  a-p) (1P rmyP
) =56 & (4.31).
Finally, using equations (4.28) and (4.31), we have
WS au
(W) =
0 K3—K%(q—1)] _— -
K1g9—-K P a q— K1(1—-q)—-K
) s ]p< ) it [ 1z (G S e o (L)"W]
B 1 P a r H
(4.32).

This equation (4.32) shows how the skilled unskilled wage ratio in the long run

equilibrium of the closed economy is determined by various parameters. If p = 0, then the

S\ au
relationship between L and (W) , as given by equation (4.32), is ambiguous; but the

S\ au
relationship between H and (W) is negative. However, if p < 0, then each of these two

S au

relationships is ambiguous. A positive relationship between H and (%) can be obtained only

if {p (KllgT_qK?') +p+ 1} < 0; and this necessary condition is likely to be satisfied when two
1

goods are highly substitutes.
If the consumer’s utility function is Cobb-Douglas, i.e., if p = 0, then equation (4.32) is reduced

to

) =%2() (4.327);

*® Derivation of equation (4.29) in detail is obtained in Appendix (4.B).
>’ Derivation of equation (4.30) in detail is obtained in Appendix (4.C).
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S
and this equation (4.32A) gives an inverse relationship between (%) and (%) along a

rectangular hyperbola. This is important because Kiley (1999) who develops an one final good

S\ au

model always obtains a positive relationship between (%) and (%) Also the expression of

the relative wage is independent of productivity parameters in the R&D sector and of
technology parameters in the final good sector in this special case with p = 0; but this is not
true in Kiley (1999). However, equation (4.32A) is identical to the corresponding equation®
obtained in Wang. et. al. (2009) who also solves a similar problem with p = 0.

Actually, the model of Kiley (1999) is a special case of the present model with p = —1

, K3 = 0and q = 1. In this special case, equation (4.32) is modified as follows.
WSy au (1-6) [6 1 . 1
V) TP 021Ky (H)\Kq, .
(WU) B [51] (L) ! (4.328);
and this equation with § = %is identical to the expression of skilled unskilled wage ratio derived

in Kiley (1999)*° when B=%. This equation (4.32B) clearly shows a positive relationship

S au

between (%) and (%) Here p = —1 implies that the two final goods are perfect substitutes;

and this is analytically equivalent to Kiley (1999) assumption that both the sectors produce the
same good.
We can now establish the following proposition.

PROPOSITION-4.1: Skilled unskilled wage ratio varies positively with the stock of domestic

skilled labour in the long run equilibrium of the closed economy only if the degree of

substitutability between two goods is sufficiently high®®.

% See equation (18) in Wang. et. al. (2009).
** The expression of wage inequality is derived in Kiley (1999) using equations (11), (12) and (18c) in his model; and
is shown as follows.
1 1
we _ [&]k (HYKq
wU — 51] (L) )
 Here we require p to be very close to minus unity. We do not require p = —1; which is a stronger assumption.
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4.3.2. Wage inequality under trade:

When the home country is open to international trade, we have K, > 0 because a
positive international knowledge spillover effect is present. Then, adopting a similar process as
used in the previous sub-section and using equations (4.14), (4.15), (4.18), (4.19), (4.22) and

(4.23), we obtain the following equation **

() =

K19-K3 a m K19-K3 Ki1(1-9)-K3
R e IRCE O
1 a r
. (L) [% K2{K19-K3}
e ™ Tl -

Equations (4.28) and (4.33) are identical when K, = 0. Equations to be satisfied in the free
trade equilibrium of the foreign country (rest of the world), which is assumed to be a closed
economy, are as follows

N*(D) * 1
df() ( Xitj d]

S* _ * .
YS =Cs" + = (4.26F);
and,

' . dM Oz g
YU = gy 4+ o Fud (4.27F).

dt
So, using equations (4.14), (4.15), (4.16), (4.17), (4.25), (4.26F) and (4.27F), we obtain

competitive equilibrium relative price of the advanced good in the rest of world as follows®?.

. tr _ (1_6) M*L* (p+1)
Pp =P =—5— (N*H*) (4.34).

The small open home country is a taker of this relative price. So, under trade, equation (4.30)

showing skilled-unskilled relative wage of the home country is modified as follows.

(WS)U =rr (%) (4.35).

wu M

Then, using equations (4.34) and (4.35), we obtain the following equation

®! Detailed derivation of equation (4.33) is given in Appendix (4.D).
®2 Derivation of equation (4.34) in detail is obtained in Appendix (4.E).
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WS tr (1-B) [/L* (p+1) N tr
(W) z%(ﬁ) % (4.36).
N

As we take the rest of the world to be a closed economy, equation (4.28) is modified as follows.

K1(@-1)-K3
K3q K19-K3 K;1(1-9q)-K3

N\* [t % 2y a2y (5 H'\\“kZq /(1 K2q
() =[a]< 1 )[52]‘““ [(T)(T) ] (§)< ' )(E) : (4.37)

Using equations (4.33) and (4.37), we derive the following equation.

G _

(N_*)(pﬂ) -
M*
[ a W] K K K1(1—q)-K (p+1)(K1q9-K3)
K19-K b 4 19— 1(1—-q)— 19—R3
e [ (2=2) (i)(l—a) o (E)( ) S oy
1 8, a r L L H*
(p+D[K1 1-q)+K3] [ (a) KZ(KlSq_KS)
p+1)[K1(1—-q)+K3 < K3q
o ka1 (1z@) () g !
xay () () H] (4.38).
Using equations (4.36) and (4.38), we obtain the following equation.
(w_S)tr _a-p)
wu/ B
%(q_l)] K1q-K K{(1—-q)-K
K19-K _a - e Ve
5. L) L[y @] (E)( ) D
1 8, a r L L
K5 (K19-K3)
. (p+1)[K1Q(21+K1)—K3] (p+1)[Kq (1—q)+K3] L 5 (IL) : Klgq :
L Kfa x KZq _(;a) (a_) AT
X(=) (L) ? [51 =) (%) n (4.39).
If p = 0, then equation (4.39) is reduced to the following equation.
a M (K19-K3) (K19-K3) K1 (1-q)+K
< \ q- q- —-q
(W_S)” _ 4B [i(ﬁ) (f)(l—a)H*] Kl" ()" o () Ka () 0N
wU B |8:\ a r H* L L
(4.39A).

wsy\ H
Now, with p = 0, we find a positive relationship between (W) and (f) because K;q > Ks3;

ws\ U H
and, in fact, equation (4.39) shows that the nature of the relationship between (W) and (f)
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is independent of the value of p. So the positive relationship between the skilled unskilled wage
ratio and the domestic skilled unskilled labour endowment ratio obtained in the one sector
model of Kiley (1999) is always valid in this two commodity model when the economy is small

and open to international trade but is not necessarily valid when it is closed. This is so because
. (HY . ‘. T

the effect of a change in (f) is lost through the movement of P; in the reverse direction in the

closed economy equilibrium but it does not happen in the case of a small open economy where

Pr is determined in the rest of the world and hence is independent of (%) It should also be

S tr %
noted from equation (4.39) that (%) varies inversely with (I:—) when two goods are

*

imperfectly substitutes because an increase in (L—) induces Pz to move in the opposite

direction®. We can now establish the following proposition.

PROPOSITION-4.2: In the long run equilibrium, the skilled-unskilled wage ratio of the small open

home country always varies positively (inversely) with the skilled unskilled labour endowment
ratio in the home (foreign) country.

Here equation (4.39) shows that the relative wage in the home country is affected by
factor endowments of the foreign country. This is so because the home country is a taker of the
relative product price determined in the competitive international market and because there is
an international knowledge spillover effect. Also both the parameters, K, and Kj, enter into
the R.H.S. expression of equation (4.39). So not only the magnitude of localized knowledge
spillover but also the magnitude of international knowledge spillover affects the skilled-
unskilled relative wage of the small open home country. However, in Wang. et. al (2009), this
relative wage is only subject to the localized knowledge spillover effect and not to the
globalized knowledge spillover effect. This is so because, in Wang et. al. (2009), the effect of
international knowledge spillover comes only through the difference in relative factor
endowments between the home country and the rest of the world. However, in our model, it
comes directly as well as indirectly through the endowment difference. However, ifp+1 =10

and K, = 0, then equation (4.39) is reduced to the following.

% See equation (4.34).
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wsy\ T 1-pJ1 (@) | /1-a\ [a? (ﬁ) p% H (Klqz_K3) 1 Kl(l_zq)_K3]
o e i RO C
(4.39B).

This equation (4.39B) implies that, when the two final goods are perfect substitutes and
when there is no international knowledge spillover effect, then the relative wage of the small
open home country is independent of factor endowments of the foreign country. If, further, we
assume that K; = 0 and g = 1, then equation (4.39B) is reduced to equation (4.32B). So, in this
very special case where we get back the model of Kiley (1999), there is no effect of
international trade on wage inequality in the home country. If two commodities are perfect
substitutes, then a two commodity system works like an one commodity system because the
consumer, in equilibrium, consumes one of the two commodities. However, there is the effect
of trade on wage inequality when p + 1 # 0.

Using equations (4.32A) and (4.39A), we have

- (-G -

KZ(Klq_K3) (K K3) (K K3) Kq( )+K
2 3  (Kagq-—  (K19- 1-q)+
(1-pL {i (1—a) (f)(l‘a) H*} a (L_*)l' 1K§q } (ﬂ)l' 1K§q } (L_) ' Kiq : 1
g H||s \a/\: H* L L
(4.40).

Here A is a measure of the change in wage inequality in the home country caused by the
opening of trade when p = 0. Equation (4.40) shows that the effect of trade on skilled-unskilled
wage ratio depends on the inter-country differences in the levels of factor endowments and on

the intensity of localized and international spillover effects. If factor endowment ratios are
. . . H_H . . . s .
same in both the countries, i.e., =T then, with a high value of H* and with L* > L, we find

that A > 0 when at least one of the parameters K, (1 — q), K, and K5 takes a positive value.
Hence we can establish the following proposition.

PROPOSITION-4.3: If factor endowment ratios in both the countries are equal and if the foreign

country has a larger endowment of each of the two factors, then opening of trade raises skilled-
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unskilled wage ratio in the home country in the presence of international and/or intra-sectoral
spillover effect.

Proposition 3 implies that if home country is very small compared to the rest of the
world then opening of trade worsens its skilled-unskilled wage inequality problem.
Now, equation (4.40) also shows that, if there is no international or intra-sectoral spillover i.e.
K, =K3 =0 and q =1, then A = 0. In this case, we go back to Kiley (1999) model and here
skilled-unskilled wage inequality remains unchanged even after the opening of trade. So trade
alone can not affect the skilled-unskilled wage inequality in this model. Trade can aggravate this
problem only in the presence of spillover effect. In Acemoglu (2003), trade does not cause
international technology spillover. In Wang et. al. (2009), trade leads to international
technology spillover but the effect of trade on the change in wage inequality is independent of

the magnitude of the international technology spillover effect parameter.

4.4. LIMITATIONS

However, the model developed in this chapter is subject to a set of limitations. Only
final goods are traded in this model but intermediate goods are non-traded. The level of
existing research is assumed to grow over time at an exogenously given rate. So, along the
balanced growth path, all other endogenous variable of the model grow at the same exogenous
rate. So the long run equilibrium growth rate in this model is exogenous; and this problem also
exists in Kiley (1999). We assume the foreign country (rest of the world) to be a closed
economy. ldentical production technologies are assumed to exist in both the skilled labour
using sector and the unskilled labour using sector. Also, the problems of imperfections in the
markets for the final goods and the problem of international factor motilities are not
considered in this model. The assumption of a representative household consisting of skilled
labour as well as of unskilled labour is also a restrictive one. The possibility of unemployment is

also ruled out.
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Appendix (4.A):

Derivation of equation (4.28)

Under autarky, K, = 0. So, using equations (4.18) and (4.22), we obtain

1
N(t) / _ [ (1) x]®e
reo|= 5 (5 (4.A1)
Similarly, from equations (4.19) and (4.23), we have
M( ) 1 K3
t — [L(1za) |Kua [ 1 (1=a) y|xZq
Jreo| =[5 () A [5, (5 (4.A2)
Finally, from equations (4.A.1) and (4.A.2), we obtain
s (Klqz_KS)
N _ [5(EH (4.A3)
M 1 AL3).
[5,(50)
Then, using equations (4.14), (4.15) and (4.A.3), we obtain
K1q-K (a) Kl(q_fl)_}% K1gq-K K1(1-q)-K
N\ T2 (%ﬁ) 2| r1-a\ (a2\\i=a K14 H < 1132_q 3) 1 11K‘2qq— 3]
&) =[]t s (59 (5) GNR O (4.A4).
This equation (4.A.4) is same as equation (4.28) in the body of the chapter.
Appendix (4.B):
Derivation of equation (4.29)
Using equations (4.25), (4.26) and (4.27), we obtain
a(MO 7 g (p+1)
PFgu — (1-B) YU_%
B YS_d( ;\I(t) Xitjdj)
dt
(p+1)
au _ (1-p) (YU-MzZg
= pp = 2B (_YS_NXg) (4.B.1).

Using equations (4.14), (4.15), (4.16), (4.17) and (4.B.1), we obtain
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PF _a 1 ’
B NH(ﬁ)(l_a)—N (f)(ka)g
26 @ \ O
= 0o o ()

1-p) (ML) P+
=B = (ﬁ)

This equation (4.B.2) is same as equation (4.29) in the body of the chapter.

Appendix (4.C):

Derivation of equation (4.30)

Using equations (4.7) and (4.8), we have

wsS NY /x\2 /H\ @
w=F()E) G
Using equations (4.14), (4.15) and (4.C.1), we obtain

a

wS N H(?)(lia) H\ ™2
wo = e (57) F )

Now, in autarky equation (4.C.2) becomes

o) =7 ()"

This equation (4.C.3) is same as equation (4.30) in the body of the chapter.

Appendix (4.D):

Derivation of equation (4.33)

Under trade, K, # 0. So, using equations (4.18) and (4.22), we obtain
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Similarly, from equations (4.19) and (4.23), we have

1 K3 K3Ky

M(t)/ _[1 (1-a\ SJRa [ (1-2a) o]k2q [ 1 (1-2) y«]|K3q

RO| ™ [82( a )Z] ' [51( 2 )X]Klq [51( " )X ]Klq (4.D.2).
Finally, from equations (4.D.1) and (4.D.2), we obtain

Ki1q-K K19-K
e e
M AN (4.D.3).
[5; (552

Then, using equations (4.14), (4.15) and (4.D.3), we obtain

Q-

K+d—K (a) M K1q-K K1(1-q)-K
19-K3 1 _4 K3q 19—-K3 1(1-9)—K3
i(KZQ> RKoq [ (122) ()2 ! E(qu)l KZq ]
5 e | (59) () GG
( a ) Kz{Klaq—Ks} { |
1 (1-a)\ (a®\\1-a Kia =2 KK13q_K3
= | =— . * q
x[&( =) (%) ] HHl (4.D.4),
This equation (4.D.4) is same as equation (4.33) in the body of the chapter.
Appendix (4.E):
Derivation of equation (4.34)
Using equations (4.25), (4.26F) and (4.27F), we obtain
* (p+1)

M*(8),, ..
pr — G=B) i
e \(S*_“lftg\l*(t)Xiti*dj

dt
* (p+1)
« _ - (Y -mz'g

sp =L (YS*_N*X*g*) (4.E.1).

Using equations (4.14), (4.15), (4.16), (4.17) (4.modified under trade) and (4.E.1), we obtain
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(%) 1
Pr = (:B) w <$>(:)_M L*<a7>(:)g :
) 2
4 1y (PFD)
—pr = =B (M*L*)(P+1) (§>(1—a)_<$>(1_a)g
F NH <£>(1%a)_<£)(rla)g )
=P = % (%)(pﬂ)

This equation (4.E.2) is same as equation (4.34) in the body of the chapter.
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Chapter 5

The role of imitation in a dynamic product variety

model

5.1 INTRODUCTION

This chapter is developed to analyse the effect of imitation on skilled-unskilled wage
inequality problem; and the model developed in this chapter is an extension of the product
variety model developed in chapter 3 of Grossman and Helpman (1991). Grossman and
Helpman (chapter 3, 1991) develop a dynamic product variety model in which only one
production sector produces varieties of innovated products and a R&D sector gives birth of new
varieties. That model neither makes any distinction between skilled labour and unskilled labour
nor considers the problem of imitation. North-South models of Grossman and Helpman (1991)
and Helpman (1993) analyse the role of imitation on the long run rate of growth and on the
North-South relative wage. However, these models do not distinguish between skilled labour
and unskilled labour.

There is no empirical work based on cross-section evidence focusing on the relationship
between IPR protection and wage inequality. Empirical works like Kanwar and Evenson (2003,
2009), Park (2008), Ginarte and Park (1997) etc. show that there is significant improvement in
the worldwide patent protection during the period 1960-2005. Ginarte and Park (1997), who
presents an index of patent rights for 110 countries for the period of 1960-1990, shows that the
degree of strength of patent laws and composition of patent rights vary across countries and
this variation is related to the variation in the level of economic development. A country with a

larger size of innovating sector has a greater incentive to provide patent laws due to large fixed
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costs of establishing a patent system. Park (2008) extends the study of Ginarte and Park (1997)
for 122 countries and for the period upto 2005; and obtains results similar to Ginarte and Park
(1997). Using panel data for 1981-2000, Kanwar and Evenson (2009) shows that, due to
shortage of financial capital and skilled labour, developing countries offer weaker protection for
potential gain. This policy of strengthening patent protection should give incentives to
innovation leading to an increase in the relative demand for skilled labour because the R & D
sector is highly skilled labour intensive. This, in turn, should be followed by a rise in skilled-
unskilled relative wage. That an increase in the degree of skilled-unskilled wage inequality is
empirically found worldwide from 1960’s is already mentioned in the page 2 of chapter 1°*. The
relationship between the imitation rate and skilled-unskilled wage inequality appears to be an
important one because existing substantial inter country variations in the degree of effective
implementation of Intellectual Property Rights (IPR) ® |eads to inter country variations in the
imitation rate. Imitation is a serious problem for a less developed country. On the one hand, it
discourages innovation; and, on the one other hand, it affects the relative demand for skilled
labour because imitation sector is more unskilled labour intensive than the innovation sector.
These two evidences justify that there should be some correlation between the strength of IPR
protection and the degree of wage inequality; and we plan to explain this theoretically in this
chapter. No model in the existing theoretical literature, except Thoeing and Verdier (2003), has
attempted to analyse the effects of imitation on this skilled-unskilled wage inequality problem.
In the present model, we consider a closed economy with skilled labour as well as
unskilled labour. The economy consists of two producing sectors of which one sector produces
varieties of innovated products with skilled labour as well as unskilled labour. However, the
other sector imitates those innovated products without bearing any cost of imitation®® and then
produces those imitated products using unskilled labour as the only input. Also, like Grossman
and Helpman (1991) and Helpman (1993), we introduce a R&D sector in this model to develop

blue-prints of new products using skilled labour as the only input.

® In this context see footnote 1, 2 and 3 of chapter 1.

& Inter-country variations in IPR are shown in Park (2008), Ginarte and Park (1997).

% We assume this following Helpman (1993) but we are fully aware that imitation activity is not at all cost less in
the real world.
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We derive many interesting results from the basic model. First, there exists a constant
rate of growth in this model and it is independent of the attainment of steady-state
equilibrium. Secondly, an increase in skilled (unskilled) labour endowment raises (lowers) the
rate of expansion of product varieties. Thirdly, an increase in skilled (unskilled) labour
endowment raises (lowers) the skilled-unskilled wage ratio and an increase in the imitation rate
lowers it. Fourthly, the steady-state equilibrium is stable in this model. Finally, in the steady
state equilibrium, an increase in skilled (unskilled) labour endowment lowers (raises) the level
of welfare of the representative consumer but an increase in the imitation rate raises it.

We extend the basic model introducing endogenous imitation and assume the existence
of a social institution that has control over this endogenous imitation rate. This social institution
produces an imitation preventing public good with skilled labour as the only input. It is shown
that an increase in skilled (unskilled) labour endowment raises (has no effect on) the rate of
growth and raises (lowers) the skilled-unskilled wage ratio. However, an improvement in the
imitation preventing efficiency of the public good raises the skilled-unskilled wage ratio though
it has no effect on growth rate.

Our results related to effects of imitation on skilled-unskilled wage ratio are interesting
compared to corresponding results obtained in Thoeing and Verdier (2003). In our model, an
exogenous increase in the imitation rate lowers the skilled-unskilled wage ratio by raising the
relative demand for unskilled labour because production of imitated goods requires only
unskilled labour but the change in the imitation rate has no effect on the technology of the
innovating firms. However, in Thoeing and Verdier (2003), innovating firms use skill intensive
technology to meet the increased threat of imitation; and thus the relative demand for skilled
labour is increased leading to an increase in the skilled-unskilled wage ratio as a consequence of
an exogenous increase in the threat of imitation.

The rest of the chapter is organized as follows. Section 5.2 describes the basic model
model with exogenous imitation rate. Sub-section 5.2.1 describes the model and sub-section
5.2.2 analyzes working of the model. Rate of growth is derived in subsection 5.2.2.1 and the
stability of the steady-state equilibrium is analysed in subsection 5.2.2.2. Effects of parametric

changes on the degree of wage inequality in the steady-state growth equilibrium are described
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in subsection 5.2.2.3. The rate of interest is determined in subsection 5.2.2.4; and comparative
static effects on welfare are analysed in sub section 5.2.2.5. In section 5.3; we introduce

endogenous imitation rate. Limitations of this model are described in section 5.4.

5.2. The Basic Model:®’

5.2.1 Description:

We consider a closed economy with three sectors and two primary factors- skilled
labour and unskilled labour. Sector 1 produces varieties of innovated products with skilled
labour as well as unskilled labour as inputs; and sector 2 produces varieties of imitated products
with only unskilled labour®®®. Also there is a R&D sector developing blue-prints of new
products and it uses skilled labour as the only input.

Let the rate of innovation of new products per unit time be denoted by 7. Then the production

function in the R&D sector is given by

0= ”‘75 (5.2.1);

where, [ is the amount of skilled labour employed in the R&D sector; K is the existing stock of
knowledge and a is the per unit skilled labour requirement in the R&D sector. Following
Grossman and Helpman (1991), Helpman (1993) etc. we assume that K¢ = n where n is the

total number of varieties innovated as well as imitated. So we can modify equation (5.2.1) as

follows.
a1l
g=-=- (5.2.2).

where g is the rate of growth of new products.

& Gupta and Dutta (2013) is partly based on the materials presented in this section.

o Generally varieties innovated in a country are imitated in other countries. This model may also represent the
world economy with free trade, perfect mobility of factors, identical production technology across countries and
with intercountry variations in the degree of implementation of intellectual Property Right (IPR) protection Acts.

® None of the imitated products, in reality, is produced without the use of skilled labour. However, unskilled
workers acquire some production specific skill through learning by doing and can replace skilled workers in many
skill intensive stages of production once products are imitated. Our concept of skilled labour does not include this
learning by doing skill of unskilled workers.
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Firms in sector 2 do imitations without bearing any cost. Rate of imitation done by

sector 2 in this basic model is assumed to be exogenous; and this rate, denoted by m, is defined

as follows.
U
n
m=— (5.2.3).
Here n® and nY represent total number of varieties produced by sector 1 and sector 2,

respectively. Sector 1 does not produce any variety already imitated by sector 2.
So we have

nS+nV=n (5.2.4).

The fraction of goods not imitated by sector 2 is denoted by &. Hence

S
£ = “; (5.2.5).

Now, from equation (5.2.5), we obtain”®

E=g—(g+m)g (5.2.6).

Equation (5.2.6) shows the rate of change in the fraction of unimitated (innovated) products.

In the steady-state equilibrium, the fraction of unimitated goods remains unchanged over time.
Hence £ = 0. So we obtain

£ = (gfm) (5.2.7).

So equation (5.2.7) implies that the fraction of innovated products in the steady-state
equilibrium varies positively with the growth rate.

All individuals have identical preferences. The representative household maximizes the
discounted present value of instantaneous utility over the infinite horizon; and it is given by
U@ = f; e Vlogu(t)de (5.2.8).

The intertemporal budget equation of that representative household”* is given by

ftoo e T-YE(7)dr = ftoo e TTO[(D)dt + A(t) Vt (5.2.9).

7 petailed derivation of equation (5.2.6) is given in the Appendix (5.A).

"t We assume that the representative household has both skilled labour endowment and unskilled labour
endowment. Even if we consider two representative households- one with skilled labour endowment and the
other with unskilled labour endowment, aggregate demand functions for varieties would remain unchanged
provided that their preferences are identical.
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Here, u(t), E(t), I(t) and A(t) represent levels of instantaneous utility, instantaneous
expenditure, instantaneous income and current assets respectively at the time point t. p and r
denote the subjective discount rate and the nominal interest rate respectively.

The instantaneous utility function of the representative consumer is given by the following.

u(t) = [fO“ X(j)“dj]é, 0<a<l, (5.2.10),

where, x(j) is the level of consumption of jth variety. This instantaneous utility function is of
CES type satisfying all standard properties and being symmetric in its arguments. Maximizing
the discounted present value of instantaneous utility defined over the infinite time horizon

subject to the intertemporal budget constraint, we obtain the following optimality condition”?.

F=r—p (5.2.11).

We can also derive the aggregate demand function for jth variety as follows.

x() = p() 5 (5.2.12).

Here € = Tla > 1 is the price elasticity of demand for the representative variety. Here, p(j) is

the price of the jth variety, E is the aggregate spending on all these varieties, and P is a price

index defined as

P= [fonp(j)l‘sdj]ﬁ (5.2.13).

Sector 1 produces each of these innovated products with skilled as well as unskilled
labour as inputs; and labour-output coefficient of each of these two types of labour is assumed
to be unity. So (WS + WV) is the marginal cost of production of each of these innovated
varieties. Producer of each of all innovated varieties is a monopolist. So it charges a monopoly

price of its product; and it is given by
pS = i(wS +WY) (5.2.14).
Here, PS is the price of the representative innovated variety produced in sector 1; and WS and

WU are wage rates of skilled labour and unskilled labour, respectively.

72 Detailed derivations of equations (5.2.11) and (5.2.12) are given in the Appendix (5.C) and Appendix (5.B),
respectively.
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Sector 2, that produces varieties of imitated products with unskilled labour as the only
input, faces a competitive market for each of those varieties; and hence charges a price equal
to the marginal cost of production which, in turn, is equal to the wage rate of unskilled labour.
So we have
pU =wVU (5.2.15).

Here, PV is the price of the representative imitated variety. We assume that W3 > WV in the
initial equilibrium and comparative static effects are too small to reverse this inequality. Then,
from equations (5.2.14) and (5.2.15), we also have PS > PY.

Out of total n products, n products are sold at the price, Ps, and nY products are sold at the
price, Py. Hence, using equations (5.2.4) and (5.2.5), equation (5.2.13) can be expressed as

follows.

P= nﬁ[z(PS)(H) +(1- E)(PU)G—S)]ﬁ (5.2.16).

Let x5 and xV be levels of output of the representative varieties to be produced in sector 1 and
sector 2, respectively. LS and LY denote endowments of total skilled labour and total unskilled
labour respectively. Markets for each of these two types of labour are assumed to be
competitive. So market clearing conditions of these two types of labour, who are perfectly

mobile among their using sectors, are given by following two equations.

ag + nSx5 = 1S (5.2.17);
and,
n3xS + nVxV =LY (5.2.18).

We assume free entry of firms of sector 1 into the R&D sector. The return from this R&D
activity, denoted by v, is basically the value of the blue print; and this is equal to the
discounted present value of profit of the producer of the representative innovated variety

defined over the infinite time horizon. Under competitive equilibrium, return from this R&D
. . wSa . . .
activity must be equal to its cost; and Ta is the cost of developing a blueprint because only

skilled labour is used in the R&D sector. So we have

S
ys =2 (5.2.19).

n
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. . . . . . ns
Firms of sector 1 issue equities to finance their R&D investments. s represents the rate of

-S
dividend and :—S is the rate of growth of the value of the firm. Since m stands for the rate of

L ns S . . . .
imitation, (V_S + :’; - m) is the net rate of return from investment in the stock market. This net
rate of return should not fall short of the interest rate obtained from the loan market. Hence

we have

ns v

55 + s >r+m (5.2.20).

If condition (5.2.20) does not hold, then firms of sector 1 would not produce and would lend

their capital at the interest rate, r.

5.2.2. Working of the model

5.2.2.1.Rate of growth

Using equations (5.2.5), (5.2.12), (5.2.17) and (5.2.18), we obtain”?

1

;)_[SJ - {(LSL—Uag N 1) (1L—E)}E (5.2.21).
Using equations (5.2.14), (5.2.15) and (5.2.21), we obtain’*

1
A= V"\‘/’—z - a{(LSL_Uag _ 1) (}_E)}S 1 (5.2.22).

Using equations (5.2.5), (5.2.12), (5.2.14), (5.2.15), (5.2.16), (5.2.18) and (5.2.22), we obtain”

o= wos - (25 1) ()

Finally, using equations (5.2.12), (5.2.14), (5.2.15), (5.2.16), (5.2.17), (5.2.22) and (5.2.23), we

(5.2.23).

obtain’®

_215-LY
o 2a

(5.2.24).

73 Derivation of equation (5.2.21) is given in the Appendix (5.D).
7% Derivation of equation (5.2.22) is given in the Appendix (5.D).
7> Derivation of equation (5.2.23) is given in the Appendix (5.E).
’® Derivation of equation (5.2.24) is given in the Appendix (5.E).
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Equation (5.2.24) shows the constant rate of product development (economic growth)
in this model; and this rate is independent of whether the economy is in the steady-state
growth equilibrium or not. While deriving equation (5.2.24), we do not use equation (5.2.7) i.e.,
the steady-state equilibrium condition of this model. In Helpman (1993) or in Grossman and
Helpman (1991), the rate of product development is constant only in the steady-state growth
equilibrium. Here the rate of expansion of varieties (rate of growth) is determined by
exogenously given values of some parameters like skilled labour endowment, L° unskilled
labour endowment, LV, and the productivity parameter in the R&D sector, a. We need
appropriate restrictions on the values of those parameters to ensure that g > 077. However,
equation (5.2.24) shows that g varies positively with LS and inversely with LV and a. So we can
establish the following proposition.

PROPOSITION-5.2.1: An increase in skilled (unskilled) labour endowment raises (lowers) the rate

of expansion of varieties.

We now provide the intuition behind this proposition. As skilled labour endowment is
increased with unskilled labour endowment remaining unchanged, demand for skilled labour
falls in sector 1; and so the wage rate of skilled labor is reduced in that sector. So skilled labour
moves from sector 1 to the R&D sector; and hence the supply of skilled labour is increased in
the R&D sector. The R&D sector, with a linear production function, can employ the entire
labour force. So the growth rate is increased. The same mechanism works in the opposite
direction when unskilled labour endowment is increased with skilled labour endowment

remaining unchanged.

5.2.2.2.The stability of steady-state equilibrium

Using equations (5.2.6) and (5.2.24), we obtain
: 2LS-LY 2LS-LVU+2
= ( ) - ( am)z (5.2.25).

2a 2a

In the steady-state growth equilibrium, E = (. Hence, the steady-state growth equilibrium value

of & is given by

7 The rate of growth is positive if 2L5 > LU.
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£ = 2LS-LY
~ 2L5-LU+42am’

S

Since & is a constant, then :—U = 1i_§ is also so. Hence, in the steady-state growth equilibrium,

we have E—Z = E—E = E = g. This equation (5.2.25) shows that £ is a negative function of £. So the
equilibrium is stable. If the economy initially starts with a higher (lower) fraction of goods not
imitated, then that fraction falls (rises) over time and converges to its steady-state growth
equilibrium value. We can establish the following proposition.

PROPOSITION-5.2.2: The steady-state growth equilibrium is stable.

In models of Helpman (1993), Grossman and Helpman (1991) etc., the steady-state
equilibrium is a saddle point because g is a constant in none of those models. In each of these
models, we find another differential equation like
£=128(8?%;
and the stability property of the dynamic equilibrium in that model is to be investigated by
solving the time path of € and g simultaneously. In our model, equation (5.2.24) shows that

g = 0; and so the stability property is analyzed using only the time path of &.

5.2.2.3.Wage inequality

Using equations (5.2.7), (5.2.22) and (5.2.24), we obtain

1

A=Ys _ g (ZLS—LU)E —1 (5.2.26).

- Wy - 2am

Here A > 0; and so we need appropriate restrictions on the values of parameters to ensure
this. This equation (5.2.26) shows how the skilled-unskilled wage ratio in the long run
equilibrium varies with values of different parameters. Here a« > 0 and € > 0. Hence A varies
positively with LS and inversely with LY and m. This leads to the following proposition.

PROPOSITION-5.2.3: An increase in the level of skilled (unskilled) labour endowment raises

(lowers) the skilled-unskilled wage ratio in the steady state equilibrium; and an increase in the

imitation rate lowers it.
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We now provide intuitive explanations for this result. An increase in the skilled labour
endowment has two effects. The direct effect implies a fall in the skilled wage rate. However,
the growth rate is also increased implying that more blue prints are produced in the R&D
sector. This leads to an increase in the demand for skilled labour as well as for unskilled labour
in sector 1 that produces innovated products. Thus both the skilled wage rate and the unskilled
wage rate are increased following the indirect effect. However, the increase in the skilled wage
rate obtained from the indirect effect outweighs the combined effects of the increase in the
unskilled wage rate obtained from the indirect effect and the decrease in the skilled wage rate
obtained from the direct effect. Hence the skilled-unskilled wage ratio is increased. The same
mechanism works in the opposite direction when unskilled labour endowment is increased with
skilled labour endowment remaining unchanged; and so the skilled-unskilled wage ratio is
reduced in that case.

On the other hand, as the imitation rate is increased, the proportion of innovated (not
imitated) products is reduced in sector 1 and fraction of imitated products produced by sector 2
is increased in the new steady state equilibrium. So the demand for unskilled labour and
consequently the unskilled wage rate are increased in sector 2. So unskilled labour moves from
sector 1 to sector 2. So the demand for skilled labour falls in sector 1 because the production
function in that sector is of fixed coefficient type; and, as a result, the skilled wage rate falls. So
the skilled-unskilled wage ratio is decreased.

Our result related to effects of imitation on skilled-unskilled wage ratio is interesting
compared to the corresponding result obtained in Thoeing and Verdier (2003). In our model, an
increase in the imitation rate lowers the skilled-unskilled wage ratio by raising the relative
demand for unskilled labour because production of imitated goods requires only unskilled
labour and the change in the imitation rate has no effect on the technology of producing
innovated goods. In Thoeing and Verdier (2003), firms producing innovated products use skill
intensive technology to meet the increased threat of imitation; and thus the relative demand
for skilled labour is increased leading to an increase in the skilled-unskilled wage ratio when

there is an increased threat of imitation.
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5.2.2.4.Interest rate:

In the steady-state growth equilibrium, & takes a constant value and g is always a

constant. Hence, from equations (5.2.19), (5.2.22) and (5.2.23), we have

L L L
BT WS TW B

Here the value of the firm, v, is normalized to unity following Lai (1998), Mondal and Gupta
(2008) etc. Hence, V3 = 0; and so we have

Using equations (5.2.11) and (5.2.27) we have r = p + g; and then using equation (5.2.24), we
can solve for r in the steady-state growth equilibrium. Obviously r and g behave in similar ways

with respect to changes in parameters.

On the other hand, using equations (5.2.7), (5.2.23) and (5.2.24), we obtain

1
ul(Z)e _ 2E
w [(1—5) + 1] == (5.2.28).
Using equations (5.2.5), (5.2.7), (5.2.11), (5.2.14), (5.2.19), (5.2.20), (5.2.24) and (5.2.28), we
derive the following condition’®.

(1—oLY(2LS-LY +2am)
— azap(2LS-LVU)+(2LS-LY+2am)(a2LS-LY)

(5.2.29).

This inequality (5.2.29) is the condition necessary as well as sufficient for firms in sector
1 to continue production and to finance R&D expenditure by issuing equities. If this condition is
not satisfied, these firms would not produce and would lend their capital in the loan market.
Inequality (5.2.29) basically implies an upper limit on the skilled-unskilled wage ratio which is
necessary for our results to hold though our purpose is to explain the increase in wage
inequality. Skilled labour is an essential factor of production for firms in sector 1 but is not so
for firms in sector 2. So firms producing innovated goods are in difficulties when skilled-
unskilled wage ratio is very high; and hence they then do not find production profitable.
Obviously, the present model or any variant of Helpman (1993) or of Grossman and Helpman

(1991) model does not work when innovating firms stop production.

’® Detailed derivation of equation (5.2.29) is given in Appendix (5.F).
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5.2.2.5.Effect on Welfare

The instantaneous utility function of the representative household given by equation (5.2.10) is
an index of social welfare because all households are identical here. Using equations (5.2.7),
(5.2.10), (5.2.12) - (5.2.16), (5.2.24) and (5.2.26), we obtain following modified form of this

utility function’®.

1
U 1 (Q) £
w= @) ()T R )+ 2 5230
2 {&(A"'l)} +1 o
In Appendix (5.H), it is shown that equation (5.2.30) implies an inverse relationship between the
degree of wage inequality, A, and the level of utility, u, of the household. So, using proposition
3, we can show that an increase in the level of skilled (unskilled) labour endowment lowers
(raises) the level of social welfare, u, through an increase (decrease) in the skilled-unskilled
wage ratio; and an increase in the imitation rate raises the level of social welfare through a

decrease in the skilled-unskilled wage ratio. So we establish the following proposition.

PROPOSITION-5.2.4: In the steady state growth equilibrium, an increase in the level of skilled

(unskilled) labour endowment lowers (raises) the level of social welfare; and an increase in the

imitation rate raises it.

5.3. The Model with endogenous imitation rate:

This section presents an extension of the basic model developed in section 5.2 of this
chapter. Here we introduce endogenous imitation and assume that a social institution has
control over this endogenous imitation rate. We introduce an imitation preventing public good
producing sector in addition to the sectors described in the basic model. This social institution
or imitation preventing public good producing sector uses skilled labour as the only input; and
the rate of imitation varies inversely with the size of this institution which is also endogenously

determined. However, the efficiency parameter of this sector is exogenous and its magnitude

7 Detailed derivation of equation (5.2.30) is given in the Appendix (5.G).
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stands for the efficiency of the institution. Also, we introduce another modification assuming
that innovated good producing sector now uses only unskilled labour. So both the production
sectors in this extended model use only unskilled labour as input. In general, manufacturing
sectors are unskilled labour intensive relative to R&D sector and imitation preventing public
good sector. In the light of this empirical fact, we consider an extreme example here assuming
that both the production sectors uses only unskilled labour as input while the R&D sector and
the imitation preventing public good sector uses only skilled labour as input. However, the
innovated product producing manufacturing sector that derives benefits from this social
institution must bear the burden of financing the cost of production of this public good. So this
cost is financed by lump sum tax imposed on all firms producing innovated varieties.

We now turn to explain the motivation behind this extension. According to Acemoglu
and Verdier (1998), property rights are never perfect in terms of implementation. Social
infrastructure is very crucial for monitoring of these written laws. Difference in institutional
framework can have huge impact on the effective implementation of these laws. Many
empirical studies focus on the relationship between the presence of the appropriate social
institution and the strength of the intellectual property right. Magge (1992) estimates
significant benefits to strong legal systems. His empirical approach implicitly assumes an
endogenous institutions model where a fraction of population is hired to build and maintain
those institutions. Khan (2003), in the context of British patent system, argues that patent laws
are regarded only when they are monitored. Khan and Sokoloff (2001) provide extensive
evidence to justify that early development of broad access to IPR institutions with strict
enforcement was crucial for USA to move from a net importer to a net exporter of patents. Hall
and Jones (1999) and Grigorian and Martinez (2002) argue that social institutions as measured
by quality, corruption, risk of appropriation and repudiation of contracts of government
bureaucracy are important factors to explain cross-country differences in output per worker.
North and Thomas (1973) shows that social infrastructure or Government institutions help
social agents to capture the full returns of their actions by reducing uncertainty and transaction
costs. According to Rodrik (2000), social institutions play an important role to protect

intellectual property rights. So threat of imitation can not be reduced only by introducing laws.
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This motivates us to introduce endogenous imitation in the model and to assume that there
exists a social institution to control this endogenous imitation rate.

We derive many interesting results from this extended model. First, there exists a
constant rate of growth in this model and it is independent of the attainment of steady-state
equilibrium. Secondly, an increase in skilled labour endowment raises the rate of growth
(expansion of varieties) but a change in unskilled labour endowment has no effect on it. Thirdly,
the change in skilled labour endowment or in unskilled labour endowment has no effect on the
imitation rate. An improvement in the imitation prevention efficiency of the public good (social
institution) lowers the imitation rate. Fourthly, an increase in unskilled labour endowment
and/or an improvement in the imitation preventing efficiency of the public good (social
institution) raises the skilled-unskilled wage ratio in our model. If the monopoly power of each
firm in the innovated sector is very low, then an increase in skilled labour endowment lowers
the skilled-unskilled wage ratio. Finally, in the steady state equilibrium, an increase in the level
of unskilled labour endowment raises the level of social welfare but an increase in skilled labour
endowment and an improvement in the imitation prevention efficiency of the public good has
an ambiguous effect on it.

The paper is organized as follows. Section 5.3.1 describes the model and section 5.3.2
analyses its results. Rate of growth and rate of imitation are derived in subsections 5.3.2.1 and
5.3.2.2 respectively; and the stability of the steady-state equilibrium is analysed in subsection
5.3.2.3. The rate of interest is determined in subsection 5.3.2.4. Effects of parametric changes
on the degree of wage inequality in the steady-state growth equilibrium are described in
subsection 5.3.2.5; and comparative static effects on welfare are analysed in sub section

5.3.2.6.

5.3.1. Description:

The production function of the imitation preventing public good producing sector is

given as follows.

v =nl,P, with0 < g <1 (5.3.1).
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Here y,, stands for the level of output of this public good and 1, is the amount of skilled labour
employed in this public good sector. 3 is the labour elasticity of output. 0 < f < 1 implies that
there is diminishing returns to labour in this sector.®° Productivity of skilled labour in this sector
also varies proportionately with the stock of knowledge, n, because expansion of the stock of
knowledge enhances the level of skill of the worker required to control imitation.
In equilibrium, real wage rate of skilled labour is equal to its average physical productivity in
the public good producing sector because the objective of the social institution providing the
public good is to maintain a no profit no loss equilibrium, i.e., its budget must be balanced. So
nl, =Y = wy (5.3.2).
Here Wy represents the wage rate of the skilled labour in the public good (social institution)
sector. Firms in sector 2 do imitations without bearing any direct cost. The rate of imitation is
assumed to vary inversely with the size of the imitation preventing public good sector and
positively with the existing stock of knowledge, n. So the imitation rate, denoted by m, is
defined as follows.

i n

m="r - (5.3.3).

nS ~ ymb
Here b is a parameter measuring the efficiency of imitation prevention done by the social
institution. m varies inversely with b; and a higher value of b implies a greater efficiency to
prevent imitation.

In the basic model developed in section 5.2, the innovated good producing sector uses
both skilled labour and unskilled labour as inputs; and labour-output coefficient in this sector is
assumed to be unity for each type of labour. So marginal cost of production in that sector is
given by (Wg + Wy). However, in this extended model, sector 1 produces each of these
innovated products with unskilled labour as only input; and so the wage rate of unskilled
labour, Wy, is the marginal cost of production of each of these innovated varieties. The
producer of each of these innovated varieties is a monopolist. So it charges a monopoly price of

its product which is given by

% |t does not mean that the assumption of constant returns is empirically rejected. We assume constant returns in
the R&D sector and so an interior allocation of skilled labour can not be obtained with constant returns in both the
R&D sector and in the public good (social institution) sector.

189



PS ==Wy (5.3.4).

In this section, skilled labour is used in the R&D sector and in the imitation preventing public
good sector. So market clearing condition of skilled labour is different from that in section 5.2
and is given by the following equation.

ag+ l, =15 (5.3.5).

Also, we modify the stock market clearing condition of section 5.2; which is given by equation

(5.2.20) as follows

s oS

Stm=r+m (5.3.6).
This equation (5.3.6) implies that the net rate of return from investment in the stock market is
equal to the interest rate obtained from the loan market.

I1° is the level of net profit of the representative firm in sector 1. All firms in sector 1,
who produce innovated varieties, have to bear the cost of producing the public good as it
protects imitation. This cost takes the form of a lump sum tax imposed by the government. So

using equation (5.3.4), I1° is defined as follows.

Wslm
S

% = (1 — a)PSxg — (5.3.7).

Here, Wgl,, is the cost of producing the imitation preventing public good because skilled labour
is the only input in that sector; and this amount is taken by the government in the form of lump
sum taxes.

However equations (5.2.1), (5.2.2), (5.2.4)-(5.2.13) of the basic model remain unchanged here.

5.3.2. Working of the model

5.3.2.1. Rate of growth

Using equations (5.3.2) and (5.3.5), we obtain®

1
_ LS—-((-B)
- a

(5.3.8).

# Detailed derivation of equation (5.3.8) is given in the Appendix (5.1).
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Equation (5.3.8) shows the constant rate of product development (growth) in this modified
model; and like that in section 5.2, this rate is also independent of whether the economy is in
the steady-state growth equilibrium or not. While deriving equation (5.3.8), we never use
equation (5.2.7) i.e., the steady-state equilibrium condition of this model. Here the rate of
growth is determined by values of different parameters like skilled labour endowment, the
productivity parameter in the R&D sector and the labour elasticity of output parameter in the
imitation preventing public good sector. We need appropriate restrictions on the values of
those parameters to ensure that g > 082.However, equation (5.3.8) shows that g varies
positively with LS and inversely with a and . Also, g is independent of change in LY and b. Here
b is the efficiency parameter of the imitation prevention of the public good. So we can establish
the following proposition.

PROPOSITION-5.3.1: An increase in skilled labour endowment raises the rate of growth

(expansion of varieties) but a change in unskilled labour endowment or an improvement in the

imitation prevention efficiency of the public good has no effect on it.

5.3.2.2. Rate of imitation

Using equations (5.3.1), (5.3.3), (5.3.5) and (5.3.8), we obtain®

m=—r: (5.3.9).

(a)(l_B)b

Equation (5.3.9) shows that imitation rate is independent of LS and LU. However, it changes
with respect to change in other parameters, a, b and 3. Here m varies inversely with a, b and 3.
So we can establish the following proposition.

PROPOSITION-5.3.2: The long run rate of imitation is independent of changes in skilled labour

endowment and unskilled labour endowment. However, an improvement in the imitation
prevention efficiency of the public good (social institution) and/or an improvement in the

productivity in the R & D sector lowers the imitation rate.

1
® The rate of growth is positive if LS > ()@=,
# Detailed derivation of equation (5.3.9) is given in the Appendix (5.J).
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5.3.2.3. The stability of steady-state equilibrium

Using equations (5.2.6), (5.3.8) and (5.3.9), we obtain

1 1

. S_(a)(1-B) S_(a)1-B)

E=L @ I i ) + 1 — | (5.3.10).
a a (LS-ag)"b

In the steady-state growth equilibrium, E = 0. Hence, the steady-state growth equilibrium value

of & is given by
1
LS—(a)(1-B)
g = .
- 1
LS-@1-B) 1
¢ (15-ag)’b

S .
Since &" is a constant, then :—U = 1i_§ is also so. This equation (5.3.10) shows that § is a negative

function of §; and so the steady state growth equilibrium is stable.
5.3.2.4. Interest rate:

Using equations (5.2.5), (5.2.12), (5.2.15), (5.2.16), (5.2.18) and (5.3.4), we obtain®*

(e-1) _
E‘"—M] (5.3.11).

— U
E =Wyl [ aEE+(1-8)

In the steady-state growth equilibrium, € takes a constant value and g is always a constant.

Hence, from equations (5.2.19) and (5.3.11), we have
VS ws WU g
St W =W T E

S

Here VS = 0 because v® is normalized to unity; and so we have

E
== (5.3.12).
Using equations (5.2.11) and (5.3.12) we have r = p + g; and then using equation (5.3.10), we

can solve for r in the steady-state growth equilibrium.

# Derivation of equation (5.3.11) is given in the Appendix (5.K).
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5.3.2.5. Wage inequality

Here also A = % Using equations (5.2.7), (5.2.11), (5.2.12), (5.2.15), (5.2.16), (5.2.19),
U

(5.3.4), (5.3.6)-(5.3.10) and (5.3.12), we derive®

(1-o)LY

A= T (5.3.13).
Q{LS—(@@—BL 1 } 1
a a ' B LS—(a)@-B) <
ax(1=8)| p+ 1(0‘)(1 b 1 4 a-ed
LS—(a)(1—B) Ls_(a)(l—ﬁ)* 1
a a ) B
(@@—Bp
1
LS—(a)(l_B)(l_aS) 1
Here, 4 < 1 because af < 1 and LS > (a)@-PB. So equation (5.3.13) ensures
LS-@0-B 1
a ' B
(@@-Bp

that A > 0. This equation (5.3.13) shows how the skilled-unskilled wage ratio % varies with
U

changes in different parameters in the long run equilibrium. Here, A varies positively with LY
and b. The effect of change in LS on A is ambiguous. If the value of o is very large, then A varies
inversely with respect to change in L386. This leads to the following proposition.

PROPOSITION-5.3.3 (i) An increase in the level of unskilled labour endowment and/or an

improvement in the imitation prevention efficiency of the public good (social institution) raises
the skilled-unskilled wage ratio. (ii) If the monopoly power of the representative firm in the
innovated good producing sector is very low, then an increase in skilled labour endowment
lowers the skilled-unskilled wage ratio.

We now provide intuitive explanations for this result. As unskilled labour endowment is
increased, there is no effect on growth rate, imitation rate and on the demand for unskilled
labour in sector 1 and sector 2. So unskilled wage rate falls and the skilled-unskilled wage ratio
rises. Similarly, as the imitation prevention efficiency of the public good is improved, rate of
imitation falls. This lowers the demand for unskilled labour in the imitated goods producing

sector. However, demand for unskilled labour in the innovated goods producing sector remains

# Derivation of equation (5.3.13) is given in the Appendix (5.L).
% Detailed analysis is given in the Appendix (5.M).
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unchanged because innovation rate is independent of the imitation prevention efficiency of the
public good. So the aggregate demand for unskilled labour falls and hence the unskilled wage
rate is also reduced; and thus the skilled-unskilled wage ratio is increased.

An increase in the skilled labour endowment has two effects. The direct effect implies a
fall in the skilled wage rate. However, the innovation rate is also increased implying that more
blue prints are produced in the R&D sector. So the proportion of innovated goods is increased
and the proportion of imitated goods is reduced in the new steady state equilibrium. Unskilled
labour moves from the imitated good producing sector to the innovated sector. However,
excess demand for unskilled labour in the innovated good producing sector is less than its
excess supply in the imitated good producing sector. So the unskilled wage rate is also reduced.
This is the indirect effect. So we have a net ambiguous effect on the skilled-unskilled wage ratio.
If the monopoly power of each producer in the innovated good producing sector is very low,
then excess demand for unskilled labour in the innovated good producing sector is almost same
as its excess supply in the imitated good producing sector. So the decrease in the skilled wage
rate is more than the decrease in the unskilled wage rate in this special case.

Our results related to effects of imitation on skilled-unskilled wage ratio is interesting
compared to the corresponding result obtained in Thoeing and Verdier (2003). In our model, an
improvement in the efficiency of imitation preventing public good implies a reduction in the
threat of imitation. This efficiency improvement lowers the relative demand for unskilled labour
and raises the skilled-unskilled wage ratio because production of imitated goods requires only
unskilled labour and the change in the threat of imitation has no effect on the technology of
producing innovated goods. In Thoeing and Verdier (2003), firms producing innovated products
use skill intensive technology to meet the increased threat of imitation; and thus the relative
demand for skilled labour is increased leading to an increase in the skilled-unskilled wage ratio

when there is an increased threat of imitation.
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5.3.2.6. Effect on Welfare

Using equations (5.2.7), (5.2.10), (5.2.11)-(5.2.13), (5.2.15), (5.2.16), (5.3.4), (5.3.8) and (5.3.9)

we obtain following modified form of this utility function®’.

€
1 8 (=)

<LS—(a)(1—B)>(a)<1—B)b

() [ 1

e-1 a
LU (L a
U= ?“(5‘1) T\ B : 5 (5.3.14).

<LS—(a)(1‘B)>(a)(1‘B)b <LS—(a)(1—B)>(a)(1—B)b

of +1

a

Here, we normalize the utility function with respect to love for variety effect; and the

normalized utility function is given by the following.
1 _E
P 1 B (8—1)
r V&) <LS_(H)_(1_B))(a)(1_B)b
alE-1) +1
a
LY 1
u* = (“1 =1 . : S - - (5.3.15).
n s—_1) (LS—(a)W>(a)(1_B)b <L5_(a)(1—8)>(a)(1—ﬁ)b
+1 of +1
a a
\ J

In Appendix (5.0), it is shown that if a = %, then equation (5.3.15) implies that the nature of

1 _B_
relationship between u* and L° or b depends on the value of (LS - (a)(l-B)) (a)a-Bb. If

_1 _B_
(LS — (a)(1—8)> (a)@-BPb > (<)2 then u* varies directly (inversely) with both LS and/or b. Also,

equation (5.3.32) implies a direct relationship between the unskilled labour endowment and
the level of utility of the household. So we can establish the following proposition.

PROPOSITION-5.3.4: In the steady state growth equilibrium, an increase in the level of unskilled

. . . 1 . , .
labour endowment raises the level of social welfare; and with a = ~ an increase in skilled

labour endowment and/or an improvement in the efficiency of imitation prevention of the public

_t _B_
good (social institution) raises (lowers) the welfare level if (LS — (a)(1—3)> (a)a-Bb > (L)2.

¥ Detailed derivation of equation (5.3.14) is given in the Appendix (5.N).
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Here the quantity of skilled labour that social institution employs is given by [, =

1
(a)a-B. So [, varies directly with . Thus the welfare effect of an improvement in the

efficiency of imitation prevention of the social institution is qualitatively similar to an increase

in the level of skilled labour employment in that sector.

5.4 LIMITATIONS

The model developed in this chapter has following limitations. We assume a closed
economy and hence can not analyse the role of international trade on the skilled-unskilled
wage inequality. The possibility of unemployment in any of these two labour markets is also
ruled out; and both the labour markets are assumed to be competitive. Symmetry assumption
in the utility function and the linearity assumption in all production functions are also
simplifying ones. Imitation is also assumed to be cost-less. It may be a weak excuse to say that
all models built on Helpman (1993) product variety structure suffer from these common

limitations.
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Appendix (5.A):

Derivation of equation (5.2.6):

Differentiating both sides of equation (5.2.5), with respect to t, we obtain

=>f=g-(g+m)§ (5.2.A.1).

Equation (5.2.A.1) is same as equation (5.2.6) in the body of the chapter.

Appendix (5.B):

Derivation of equation (5.2.12):

The consumer maximizes instantaneous utility function given by equation (5.2.10) subject to

the instantaneous budget constraint which is given by

E = [, p() x()dj (5.2.A.2).

So, the Lagrange function is given by

£ =[fxG)dj]* + A[E - [ p() x()d]] (5.2.A3)
where, A is the Lagrangian multiplier.

The f.o.c.’s of utility maximization is given by

[ x@*d]* x([** = Ap(0) (5.2.A.4),
and,
7 xG)d* x(*! = Ap() (5.2.A.5).

Using equations (5.2.A.4) and (5.2.A.5), we obtain

N1l—o ;
[@ 0) (5.2.A.6);

x()) 0)
and from equation (5.2.A.6), we obtain
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[@
x| _ 1

I

Se=— (5.2.A.7).
11—

This € is the price elasticity of demand for the representative variety.

Multiplying both sides of equation (5.2.A.5) by x(j) and summing over all j, we obtain
1
[fy x@®*di]* = A f; p() x(dj

1
_ oxoea]® 4

=>A= = 5.2.A.8).
Lyp@x@dj P ( )
Finally, using equations (5.2.A.2), (5.2.A.5) and (5.2.A.8), we obtain
. ~_e E
x() =p() 5= (5.2.A.9).

Equation (5.2.A.9) is same as equation (5.2.12) in the body of the chapter.

Appendix (5.C):
Derivation of equation (5.2.11):

Substituting the demand functions given by (5.2.12) into equation (5.2.10) and then using
equation (5.2.13), we obtain the indirect utility function
log(u) = log(E) — log(P) (5.2.A.10).

Differentiating both sides of equation (5.2.9), we obtain

A=1—-E+rA (5.2.A.11).

The current value Hamiltonian corresponding to this dynamic optimization problem is given by
H =log(u) + h(I— E+rA)

= H = [log(E) — log(P)] + h(I— E + rA)

Here h is the co-state variable. The first order optimality condition with respect to E is given by

aH _ o _
dE ~ OE

=>l=h

h=20

>l=_2 (5.2.A.12).
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The equation motion of the co-state variable, h, should satisfy the following differential

equation along the optimal path.

-=r—p (5.2.A.13).

-=r—p (5.2.A.14).

Equation (5.2.A.14) is same as equation (5.2.11) in the body of the chapter.

Appendix (5.D):
Derivation of equations (5.2.21) and (5.2.22):

From equation (5.2.17), we obtain

xS = (1°-28) (5.2.A.15).

nS

Using equations (5.2.12) and (5.2.A.15), we obtain

(ps)-s L = (L-ae) (5.2.A.16).

p1l-¢ nS

Similarly using equations (5.2.12) and (5.2.18), we have

_ (L0-nSS)

_ E
P o= < (5.2.A.17).

Using equations (5.2.17) and (5.2.A.17), we obtain

_. E LY-LS+
(PY) = = = 2e) (5.2.A.18).

Using equations (5.2.A.16) and (5.2.A.18), we have

(PS)™° _ (LS-ag)nY
(PU)—¢ ~ (LU-LS+ag)nS

(5.2.A.19).

Finally, using equations (5.2.5) and (5.2.A.19), we obtain

1

i 52020

Equation (5.2.A.20) is same as equation (5.2.21) in the body of the chapter.

Using equations (5.2.14), (5.2.15) and (5.2.A.20), we obtain

1

G ) = (G- )&
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1

=4= VV\\;_[S] - O({(LSL—Uag N 1) (1i—§)}E -1

(5.2.A.21).

Equation (5.2.A.21) is same as equation (5.2.22) in the body of the chapter.

Appendix (5.E):

Derivation of equations (5.2.23) and (5.2.24):

From equations (5.2.12) and (5.2.18), we obtain

nS(PS)"E  nY(PV) ‘E
p1-¢€ + p1l-¢

Using equations (5.2.5) and (5.2.A.22), we obtain

SLECPS) T+ (1 -DPY) ] =1
Using equations (5.2.16) and (5.2.A.23), we obtain

=1U

E[E(PS) “+(1-9)(PY) ]
[6(p$)* " +1-p) (PU)G-2)]

() +a-9)
z(ﬁ—i)(l_s)m—z)]

Using equations (5.2.14), (5.2.15) and (5.2.A.24), we obtain

E
pU

=1V

g (A+1) +(1 o |

[E (A+1) +(1 E)]

Using equations (5.2.22) and (5.2.A.25), we obtain
-1
E[E{(LSL—_Uag‘l)(l—fg)} +(1—z)]
=)
[E{<L5Lijag_1)(1i—§)} +(1-%)
1-€

= E=WY(S — ag) [{(Ls%g - 1)T (fz)l} +1

— WULU

(5.2.A.22).

(5.2.A.23).

(5.2.A.24).

(5.2.A.25)

(5.2.A.26).

Equation (5.2.A.26) is same as equation (5.2.23) in the body of the chapter.

Using equations (5.2.12) and (5.2.17), we obtain
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nS(PS) °E
(L5 —ag) = —pie

Using equations (5.2.16) and (5.2.A.27), we obtain

S(pS) ¢
LS —2a — n (P ) E
( ) n[g(p$) "V +@-ppv)a-2)]
S(pS) %E
= (LS - ag) = (1_; %) pS\E—D
() lsra-n(f) |
S
= (1% —ag) = nr

nPSE

()|

Using equations (5.2.5), (5.2.22) and (5.2.A.28), we obtain

E

(L3 - ag) = 5 =1 )
) T

Using equations (5.2.A.26) and (5.2.A.29), we obtain

WU(LS—ag)

[ o)
(L3 - ag) = o =1 =1
PS[{(L;;ag—1) (Iéi)s }+1

s U = =
P L €
:W - {(Ls—ag - 1) (li—f)s}

Using equations (5.2.14) and (5.2.A.30), we obtain

tarn=f -0 (]

Finally, using equations (5.2.22) and (5.2.A.31), we obtain

{(LSL-Uag - 1) (%z)}% = {(LSL_Uag - 1)% (}_E)i}
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_215-LY

=8 2a

(5.2.A.32).

Equation (5.2.A.32) is same as equation (5.2.24) in the body of the chapter.

Appendix (5.F):

Derivation of condition (5.2.29):

Differentiating both sides of equation (5.2.19) with respect to time, t, and using equation

(5.2.2), we obtain

vS WS

V_S = ﬁ — 8 (52A33)

Now, using condition (5.2.20) and equation (5.2.A.33), we have

ns  ws
ﬁ-l-ﬁ—g =>r+m

S S

=>:’NL >Sr+m+g—— (5.2.A.34).

S vS
We know that

s = (1 - a)P3%S (5.2.A.35).
Using equations (5.2.19) and (5.2.A.35), we obtain

ns _ (1-a)PSxSn
vS WSa

Using equations (5.2.17) and (5.2.A.36), we have

(5.2.A.36).

ns _ (1-a)PS(LS-ag)n
vS WSan$

Using equations (5.2.5), (5.2.14) and (5.2.A.37), we obtain

ns _ 1—_“(1 N l) (Ls—ag) (5.2.A.38).

Vs o A a&

Using equations (5.2.A.34) and (5.2.A.38), we have

(5.2.A.37).

e zrem+g- 0 (14+2) () (5.2.A.39).

Using equations (5.2.7) and (5.2.28), we obtain
1
u|(8)e _ 2E
w [(m) + 1] - (5.2.A.40).

LU

Using equations (5.2.24) and (5.2.A.40), we obtain
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1
u | (2LS-LY\e _2E
w [( 2am ) + 1] Y

(5.2.A.41).

Differentiating both sides of equation (5.2.A.41) with respect to time, t, we obtain

WU E
wU T E

Using equations (5.2.11), (5.2.A.39) and (5.2.A.42), we have

ws WY 1-a 1\ (LS-ag
W we 2 rrmbg = (14 1) ()~
ws  wY 1-«a 1\ (LS-ag
S5 —wo = mreto - (1+3) ()
A WS wuU
In the steady-state equilibrium, WS WU = 0.

So, from equation (5.2.A.43), we have

1-a 1 Ls—ag

T(1+Z)(a—z)2m+g+p

Using equations (5.2.7) and (5.2.24), we obtain

(s
&= (2LS-LYU+2am)

From equation (5.2.24), we obtain

S _qo=L10
L>—ag= >

From equations (5.2.A.44), (5.2.A.45) and (5.2.A.46), we obtain

Te(1+3) (%) —(ZL(SZ_L];IiIflim) >m+g+p

Using equations (5.2.24) and (5.2.A.47), we obtain

1-a 1Y) (LYY (2LS-LV+2am) 2L5-1LY
S+ G) Sy zm e B e

1-a 1) (LYY (2LS-LY+2am) _ 2am+2ap+2LS-LY
1+-) (= =
AJ \2a (2LS-LU) 2a

ﬂ l U (ZLS—LU+Zam) S _ U
>Z%(1+3)L oy = 2am + 2ap + 215~ L

a(2am+2ap+2LS—LU)(ZLS—LU)
(1-)LY(2LS-LU+2am)

>(1+3)2

(1-o)LY(2LS-LV +2am)

<
=A= a2ap(2LS-LY)+(2LS-LV+2am)(a2LS-LY)

(5.2.A.42).

(5.2.A.43).

(5.2.A.44).

(5.2.A.45).

(5.2.A.46).

(5.2.A.47).

(5.2.A.48).

Condition (5.2.A.48) is same as condition (5.2.29) in the body of the chapter.
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Appendix (5.G):

Derivation of equation (5.2.30):

From equation (5.2.A.10), we obtain
u= g (5.2.A.49).
From equation (5.2.A.25), we obtain

[E (A+1) +(1—E)]

E=LUpY (5.2.A.50).

2o} +a-9)

Using equations (5.2.14), (5.2.15) and (5.2.16), we obtain

1 1 (1-¢) 1-¢
P = ni-cPY [z {& (A + 1)} +(1- E)] (5.2.A.51).
Using equations (5.2.A.49), (5.2.A.50) and (5.2.A.51), we obtain

(1-2)
LU [s{%mm} e +(1—E)]
u= T

ni-¢

[acarn) "]z} ra-p]
£

E{%(A+1)}(1_8)+(1—E)]1__8

LY

= = =
! eta+n} +a-9)

=)

(_ (1 E) (A+1)}(1_8)+1

[{(1 pllsar} +1]

Using equations (5.2.7) and (5.2.A.52), we have
(=)

su=1"'nEHa-p

(5.2.A.52).

1y (&) B Eeen)

= WnE .
u = L"n\e-1 g+m [{%}{%(A+1)} +1]

Using equations (5.2.24) and (5.2.26), we obtain

SHES

=E = { (A + 1)} (5.2.A.54).

(5.2.A.53).
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Using equations (5.2.A.53) and (5.2.A.54), we obtain

- LUn(:ll) (#)(ﬁ) [{é(A+1)}s{§(A+1)}(1‘E)+1 =)
u= {é(A+1)}8+1 [{%(A+1)}E{§(A+1)}_8+1]
U 1 (8_%) B
Su= L7n(s-—1) (W) [{i (A+ 1)} n 1](5_1) .

Equation (5.2.A.55) is same as equation (5.2.30) in the body of the chapter.

Appendix (5.H):

Derivation of the relationship between consumers’ utility and wage inequality:

Let,
1
{& (A + 1)} =C (5.2.A.56).
Using equations (5.2.A.55) and (5.2.A.56), we obtain
1
u= %n(ﬁ) (C:H)(H) c+ 1)) (5.2.A.57).

From equation (5.2.A.57), we have

€

du _ L) [( : )(é) (5) €+ &) - e+ ) () e (L)(;)l

€
dc = 2 CE+1 e—1 CE+1

Sdu_ LY () () (& )(ﬁ) +1)&) [1- (c+ et ()] (5.2.A.58).

E 2 -1/ \C&+1 CE+1

Here, € > 1. Hence,

du . .
T < 0 if and only if

(e-1) (1

1< (C+1)C (c€+1)

=>CED>1

=>C>1

However, equation (5.2.A.56) implies that this is always true because A > 1and 0 < a < 1.

So, we have

du
E<O'
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Again from equation (5.2.A.56), we have

dc
d—A>0.

du du dC
ST Eﬁ< 0.

So, we have an inverse relationship between the level of utility of the representative consumer

and the degree of wage inequality.

Appendix (5.1):
Derivation of equation (5.3.8):

Using equations (5.3.2) and normalizing v to unity, we obtain

1
I, = (@)a-® (5.3.A.1).
Using equations (5.3.5) and (5.3.A.1), we have

1
Ls —ag = (a)a-®
_1
S_(a)1-B
Sg=@ (5.3.A.2).

a

Equation (5.3.A.2) is same as equation (5.3.8) in the body of the chapter.

Appendix (5.J):

Derivation of equation (5.3.9):

Using equations (5.3.1) and (5.3.3), we obtain

1

Using equations (5.3.A.1) and (5.3.A.3), we have
m=—2- (5.3.A.4).

B
(a)@-Bb

Equation (5.3.A.4) is same as equation (5.3.9) in the body of the chapter.
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Appendix (5.K):

Derivation of equation (5.3.11):

Using equations (5.2.15), (5.3.4) and (5.2.A.24), we obtain

e | @ ra-n] ra-p| |
W [y +(1—z)]

gtV 4(1-¥)

_ U
=>E = Wyl [ e

(5.3.A.5)

Equation (5.3.A.5) is same as equation (5.3.11) in the body of the chapter.

Appendix (5.L):
Derivation of equation (5.3.13):

Using equations (5.3.6) and (5.3.7), we obtain

(1 - )PSxg =r+m + L—‘g (5.3.A.6).

Using equations (5.2.11), (5.2.12), (5.3.12) and (5.3.A.6), we get

(1-aps" g (Ls—ag)

=g+p+m+=E

P

- (1-a)pS* Vg LS
P aE

Using equations (5.2.15), (5.2.16), (5.3.4) and (5.3.A.7), we get

+p (5.3.A.7).

—o)pS® s
(1-)P E L_+p

D[E(PS)(l_S)+(1_§)(PU)(1_8)] - aE

(1-a)E _ E
= n[g+(1-9at-d] 7 ag te
(1-a)E _ E
na(-OgaE-D+(1-5)]  ag

+p (5.3.A.8).

Using equations (5.3.11) and (5.3.A.8), we obtain

(1—a)WyLY _ E
a0 Ofactr(1-9)]  at T P

(1-a)WgLV LS
na(1-OA[afE+(1-5)] aE
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(1-wL? _ L - yS — _Ws

= aAa(l—E)[a€E+(1_E)] - aE + p [ VT = 1 and A— WU]

(1-a)LY
= A= 5.3.A.9).

a1 (=S+p+m)[1-§(1-a®)] ( )
Using equations (5.2.7), (5.3.9) and (5.3.A.9), we obtain
_ U
A= = (5.3.A.10).
Ls<g+ 1 B )
aq(eE=D (LS-ag)" b fp (1_ g(1—af) )
ag + 1
(Ls—ag)Bb
Using equations (5.3.8) and (5.3.A.10), we obtain
_ U

A= — (5.3.A.11).

Q{LS—(a)(l_B)L 1 } 1

a a B (@B

ac1-9)| p4 1(0()(1—[5)1) L Ls(%u—as)
LS—(2)1—P) S-@aBF . 1
a a T B
() (1=Bp

Equation (5.3.A.11) is same as equation (5.3.13) in the body of the chapter.

Appendix (5.M):

Relationship between skilled-unskilled wage inequality and the skilled labour endowment:

1
LS} LS-@)1-B) 1
a a ' B
O

N
LS—(@)(1-B)
a

In the denominator of the expression of A; | p + varies positively with

1

Ls_(a)(l—ﬁ)(l_as)
[Sand | 1- 4 varies negatively with LS. If, If the value of a is very large,
LS-@0-B 1
a ' B
(1B
1
LS_(a)(l_B)(l—aE)
then| 1 — 4 is very small and A varies inversely with respect to change in LS.
LS-@0-B 1
a ' B
(@ @-Bp
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Appendix (5.N):

Derivation of equation (5.3.14):

Using equations (5.2.15), (5.2.16) and (5.3.4), we obtain

1 1
P = ni=ePY[gat + (1 - P
Using equations (5.2.A.49), (5.2.A.50) and (5.3.A.12), we obtain
LY [Ea®D+(1-7)]

u=-—— N
n1-¢ [o€E+(1-8)][EaE-D+(1-F)]1-¢

g

(1-8)
[{(11)}“8“]

Using equations (5.2.7) and (5.3.A.13), we have

a1 - )

) (o) o]

T el )

2
Using equations (5.3.8), (5.3.9) and (5.3.A.14), we have

X _E
1 1 B (5‘1)
( 3 (8—1) <Ls_(a)(1—ﬁ)>(a)(l—ﬁ)b
0((8_1) +1
a
LU (L 1
u= TH(E_l) 4 1 B } 1 atw
(Ls_(a)(1_3)>(a)(1—8)b <LS—(a)(1—B)>(a)(1—B)b
" oE +1
- a

N—

\

Equation (5.3.A.15) is same as equation (5.3.14) in the body of the chapter.

Appendix (5.0):

Derivation of the relationship between consumers’ utility and the parameters:
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1

Py 1\ 8B (=)
( A (8—1) <LS—(a)(1_B)>(a)(1—B)b
e +1
a
u LY 1
En R N sy —~—
me (LS—(a)(1‘5)>(a)(1—B)b <L5—(a)(1—6)>(a)(1—6)b
+1 of +1
a a
\ J
Suppose that
B

1
(LS—(a)(l—B)>(a)(1—B)b

a

=C

Then we have

=Y 1)(1—@m
2

[aEC+1]

() )
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Chapter 6
Conclusion

In earlier chapters of this thesis, we have analysed a few theoretical problems related to
effects of globalization on skilled-unskilled wage inequality in the context of a developing
economy. In this chapter, we summarize major results obtained in earlier chapters and mention

limitations of the work done as well as the scope for future research.

6.1 Major findings of the present thesis

In chapter 1 of the thesis, we have made a survey of the existing empirical and
theoretical works on skilled-unskilled wage inequality; and have pointed out the research gaps
in the existing theoretical literature.

The chapter 2 is devoted to analyse skilled-unskilled wage inequality problem in a static
competitive general equilibrium framework with special emphasis on the role of non-traded
final good sector using skilled labour. In sections 2.2 and 2.3, we develop full employment
models; and, in section 2.4, we introduce unemployment. In section 2.2, the endowment of
skilled labour is exogenously given but, in section 2.3, the supply of skilled labour is
endogenously determined by the working of the education sector. We derive various
comparative static results which have interesting policy implications.

Empirical literature points out symmetric movement in skilled unskilled relative wage
for various countries who are asymmetric in various directions. Our theoretical works point out
two explanations of this observed phenomenon: (i) Difference in capital intensity ranking and
(ii) Difference in marginal effect on excess demand for the non-traded good.

Firstly, Capital intensity ranking between the skilled labour using non-traded good

sector and the skilled labour using traded good sector appears to be the most important factor
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determining the nature of the effect on skilled-unskilled relative wage. A capital exporting
country as well as a capital importing country may experience a similar effect on the skilled-
unskilled relative wage when this inter-sectoral capital intensity ranking in these two countries
are opposite to each others. The same is also true for a labour exporting country and a labour
importing country in the case of this opposite inter-sectoral factor intensity ranking. Opening of
trade may also produce similar effects in this case.

Secondly, the nature of the effect on this skilled-unskilled relative wage depends on the
mathematical sign of the marginal effect of excess demand for non-traded good with respect to
changes in parameters. This sign of this marginal effect on excess demand may be different in
different countries. Thus two countries, whose roles are dual to each others in the context of
exchange of goods or movement of factors, may experience similar movements in skilled-
unskilled relative wage with different signs of marginal demand effects even if their capital
intensity ranking between the traded good sector and the non-traded good sector are identical.
Models of existing literature fail to put emphasis on these points because a skilled labour using
non-traded good sector does not exist there; and hence the role of intersectoral mobility of
skilled labour can not be studied in those models.

We have analysed mainly comparative static effects of changes in prices of traded goods
and of changes in factor endowments on skilled-unskilled wage inequality. These comparative
static exercises have the following policy implications. Exogenous changes in values of fiscal
instruments affect the system through changes in effective prices of traded goods. Any
globalization programme, that lowers the tariff rate on imports, also lowers the effective
producers’ price of the import-competing product. The policy of export subsidy raises the
effective price of the exportable. Increase in capital stock takes place through a liberal policy to
foreign capital inflow and direct foreign investment or, may result from an increase in domestic
savings. International migration of labour leads to a change in labour endowment. Land
augmenting technological progress like irrigation development in agriculture leads to an
increase in effective land endowment in efficiency unit.

In section 2.4, where we introduce involuntary unemployment equilibrium using

efficiency wage hypothesis, we introduce Gini-Coefficient of wage income distribution as a
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measure of wage income inequality replacing skilled-unskilled relative wage. No other existing
model has used Gini-coefficient as the measure of wage income inequality. It is shown that the
Gini-coefficient is a monotonically increasing function of the skilled-unskilled relative wage in a
full employment model. However, in the presence of unemployment, this is not true; and Gini-
coefficient and skilled unskilled relative wage may move in opposite directions due to policy
changes depending on its nature of unemployment effect. This questions the theoretical
justification of measuring the degree of inequality by relative wage in the presence of
unemployment.

In chapter 3 of the thesis, we analyse skilled-unskilled wage inequality problem using a
static general equilibrium product variety framework with monopolistic competition in markets
of different varieties and with increasing returns to scale in their production technology. In
section 3.2, we develop a full employment model where a public intermediate good producing
sector plays the role of reducing the fixed cost of production of nontraded private intermediate
goods. However, in section 3.3, we introduce involuntary unemployment equilibrium but drop
the public intermediate good producing sector from this model.

It is shown that, if production technologies are same for the agricultural sector and the
public input producing sector and if the scale elasticity of output is very low, then an increase in
capital stock resulting either from the increase in domestic investment or from the increase in
foreign investment raises the skilled-unskilled wage ratio. However, an increase in skilled labour
endowment resulting from a policy of education development does not produce any
unambiguous effect. On the other hand, an increase in the tax rate on industrial output and/or
an increase in the price of the agricultural product, armed with same set of assumptions, lowers
the skilled-unskilled wage ratio.

Chapter 4 of this thesis analyses the skilled-unskilled wage inequality problem using a
two sector dynamic intertemporal framework with special focus on international knowledge
spill over from the rest of the world and localized knowledge spillover from the advanced sector
to the traditional sector. The cost of developing new intermediate goods is reduced due to

positive knowledge spillover effects.
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We analyse the effect of opening of international trade on the skilled unskilled relative
wage in the long run equilibrium of this dynamic model. It appears that the relationship
between the skilled unskilled wage ratio and the skilled unskilled labour endowment ratio
under autarky is ambiguous; and the nature of this relationship depends on the degree of
consumer’s indifference substitution between the two final goods. However, when
international trade is opened, the nature of this effect depends not only on the degree of
consumer’s indifference substitution between the two final goods but also on the intensity of
spillover effects as well as on the inter country difference in factor endowments.

Chapter 5 of this thesis sheds light on the role of imitation on skilled-unskilled wage
inequality problem in the long run equilibrium of a dynamic model; and this dynamic model is
built on the Helpman (1993) framework. In section 5.2 of this chapter, we assume exogenous
rate of imitation. It is shown that an increase in skilled (unskilled) labour endowment raises
(lowers) the rate of growth, raises (lowers) the skilled-unskilled wage ratio, and lowers (raises)
the level of social welfare. However, an increase in the exogenous rate of imitation raises this
growth rate, lowers the skilled-unskilled wage ratio, and raises the level of social welfare. This
result is opposite to that found in Thoeing and Verdier (2003) where innovating firms use skill
intensive technology to meet the increased threat of imitation and thus the skilled-unskilled
wage ratio is increased.

These results have interesting policy implications. A policy of strengthening Intellectual
Property Protection Rights (IPPR) lowers the rate of imitation and thus aggravates the problem
of skilled-unskilled wage inequality. Policies promoting higher education sector raise the level
of skilled labour endowment and hence also aggravates the problem of wage inequality.

In section 5.3, we introduce endogenous imitation and assume the existence of a social
institution that controls this endogenous imitation rate producing an imitation preventing
public good. It is shown that an improvement in the imitation preventing efficiency of the

public good raises the skilled-unskilled wage ratio though it has no effect on the growth rate.

6.2 Future plan
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Firstly, we plan to analyse changes in wage inequality in two countries simultaneously
using a North-South framework. North-South framework has been extensively used in the
literature on international trade and economic development. Existing North-South models deal
with problems of international terms of trade, international factor mobility and international
technology transfer and the role of these problems on the development of a less developed
economy. Wage inequality is also an international problem; and hence a North South model is
more appropriate to analyse this problem. Secondly, we want to introduce the problem of
imperfection of markets. Labour market is highly imperfect and labour unions play an
important role on wage determination. Bargaining power of union not only varies from region
to region but also is different in two labour markets. This difference in bargaining power should
play an important role to determine the degree of wage inequality. Thirdly, we plan to analyze
the role of backward institutions on unskilled labour using sectors. Various factor markets are
often interlinked with each others in agricultural sectors and in urban informal sectors in less
developed countries; and the role of interlinkage is also very important on the wage
determination of unskilled labour in those sectors. Fourthly, it would be interesting to analyse
the best way to reduce the inequality out of all possible alternative policies. One can analyse
whether labour market intervention would be more efficient and direct than trade
intervention. Fifthly, knowledge spillover and imitations are interesting issues on their own and
may call for a different type of policy interventions. These could be explored in more details.
The issue of intellectual property rights (IPR) is very much a part of DOHA round of the WTO,

and these models may have something to say on this issue.
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