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ABSTRACT
A general equilibrium model with equilibrium unemployment rate is developed to
evaluate the cost of unemployment in an economy by comparing responses to policy
changes in an economy with equilibrium unemployment rate to the economy with full
employment. Model can assess the cost and benefits of unemployment and transfer
programmes. A lower rate of frictional unemployment is not necessarily growth
retarding in the long run when economy goes through the dynamic adjustment
process. From studying impacts uniform capital and labour income taxes across
sectors in the multi-household multi-sectoral general equilibrium model of the UK
with unemployment rate it can be stated that unemployment of some workers may
raise labour supply of others as the existing workers supply more labour in response
to higher wage rates. Labour income, consumption and saving by households and
production and accumulation of capital rise. Inequality in income and consumption
can be reduced by usual tax more productive worker and transfers to job trainings and
other activities transitionally for unemployed ones.
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GENERAL EQUILIBRIUM WITH UNEMPLOYMENT: THEORY
AND APPLICATION

I. INTRODUCTION

How far is it plausible to stick to the market clearing and full employment
assumptions that are central to the applied general equilibrium modelling in tradition
of Shoven and Whalley (1973) and Whalley (1975)? Can the economy wide welfare
analysis and the Pareto optimality conditions be evaluated even if the general
equilibrium structure is modified to incorporate the unemployment or under-
utilisation of resources in an economy or is the quantification of the Walrassian
general equilibrium system for a realistic analyses on the efficient allocation of
resources and redistribution of income in market economies impossible without full
employment assumption? How far is the ignoring of the persistence of unemployment
of the labour force as commonly seen in a modern economy reasonable in applied
equilibrium modelling? Is it possible to incorporate disequilibrium in labour market in
these models? What are the impacts of such modifications in the allocations and
efficiency of the price system? Can a sensible welfare analyses be applied after
including unemployment in the model? What sort of policy alternatives can be
designed to address the problems of millions of unemployed job seekers (Figure 1)
and workers who are who are in transition to different status in the labour market?
Can very elegant analyses of individual and social welfare shrewdly enshrined in an
elegant general equilibrium system be applied even with these modifications? Should
the process of creating vacancies or creation of new jobs and destruction of old jobs
through redundancies of obsolete workers and hiring of new workers through the

matching process between the skills of job seekers and requirement of employers (job



creators) (Figure 2) be taken normally from the perspective of enhancing the dynamic
adjustment process for long run growth in a modern economy?

In one form or the other, economists for more than three decades, have tried to
incorporate unemployment as a special feature of the equilibrium process in the
modelling of an economy. Job matching and search models developed by Phelps
(1968), Mortensen and Pissarides (1984), Shapiro and Stiglitz (1984), Dixon (1988),
Lindbeck and Snower (1988), Lockwood, Miller and Zhang (1989), Lockwood and
Manning (1989), Blanchard et. al (1989), Layard and Nickell (1990), Manning (1990)
Blanchflower and Oswald (1994), Ball and Mankiw (2002), Hall (2003), Gilles
(2004), Lonquivists and Sargent (2007) have significantly contributed to the analysis
of bargaining and unemployment dynamics. Despite such extensive research, there
still remains enough scope in studying the general equilibrium impacts of
unemployment on growth, capital accumulation among various sectors of the
economy and in utility, wages and labour supply levels of households and other
macroeconomic impacts of such unemployment in the long run. Few studies in
applied general equilibrium literature have recently (Hutton-Ruocco (1999),
Rutherford et al (2000), Bohringer, Beoters and Feil (2005),) started such evaluation

though full scale impact of such analysis at the household level is still an overdue.

Unemployment, Vacancies and Redundancies in UK

Before modelling equilibrium unemployment it is relevant to present some empirical

facts based on time series data from the Office of the National Statistics on

unemployment, vacancies and redundancies in the UK as following:



1.

In the past the rate of unemployment had gone up from around 4 percent in
early 1970s up to 12 percent in 1984 and remained at fairly higher level till
mid 1990s, after which it has gradually declined to about 5 percent as a result
of the New Deal measures adopted for the labour market reforms in the last
decade.

The fall in the unemployment rate in this manner has been possible by a
consistent rate of economic growth that has created more vacancies than
redundancies. One finds three percent gap between the unemployment rate and
vacancy rate in the monthly data since 2000. It in a way can be considered as
natural rate of unemployment. The net vacancy number has remained about
400 thousand each year.

Most vacancies have mainly been in the distribution, finance, and education
sectors. Redundancies have been higher than vacancies in the manufacturing,
transportation, construction and other sectors.

The evidence supports a negatively sloped Beveridge curve for UK.
Unemployment rate is lower when firms create more jobs and higher when
firms are not able to create more vacancies. It is natural to have more

vacancies than redundancies in a growing UK economy.



Monthly Unemployment Rate in the UK, 2007
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Figure 1: Trends of Unemployment in the UK
Vacancies by Industry in UK
250.0
200.0 -
S 150.0 -
C
(19}
[2])
>
2
£ 100.0 -

Const

N
Q o %
0% @ T T T T E

0'\&@/61'656’-’6’-’@“&‘0"‘6’3 ‘30‘00@0@9‘06\6\

Q %

Figure 2: Vacancies by production sectors in UK
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Figure 3: Trends of Unemployment and Vacancy in the UK

Evidence of Beveridge Curve in UK, 2001 to 2007
(Source: www .statistics.gov.uk)
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Figure 4: Evidence for Beveridge Curve in UK



Monthly Vacancy and Redundancy of Jobs in UK
(Source http://lwww.statistics.gov.uk)
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Figure 5: Evidence of Job Creation and Job Destruction in the UK
Obijective of this paper is to integrate the basic results on equilibrium unemployment
in the job search model (the Beveridge curve phenomena) into a standard applied
dynamic general equilibrium model. It takes essential features of job search models
contained in Mortensen and Pissarides (1994) and Pissarides (2000) and putting them
into a dynamic equilibrium model extended from Bhattarai (2007). Thus the point of
departure in this paper, apparently missing from the existing literature, is the
consideration of the full impacts of the natural rate of unemployment on labour
supply, consumption and saving behaviours of households, investment and capital
accumulation behaviour of firms and relative prices of commodities and factors of
production in the broader economy. This issue is investigated here by comparing
results of the equilibrium unemployment general equilibrium model (EUGEM) to the
results of the full employment general equilibrium model (FEGEM) benchmarking
the micro-consistent data of multi sectoral multi household model of the UK economy

that is calibrated to the reference paths of 80 years ahead from its initial year in 1995.



Preliminary results of this analysis are quite appealing. Higher rate of unemployment
raises wage rates of employed workers who work more hours in response to higher
wages. Thus higher unemployment can raise labour supply in aggregate when the
employed workers work more hours in response to higher wages. As the aggregate
output relates to the amount of active work hours, it does not necessarily result in
lower output, as commonly feared. If workers are more productive, they may pay for
training of the part of work force facing redundancies and let the economy adjust
towards more efficient path. Work based trainings are as important as the employing
unemployed workers. This result obviously is based on the assumption that economy

continues to grow along its reference path - with exuberant consumers and firms.

Inclusion of multiple households in the model in the dynamic multisectoral
model makes it possible to assess the redistribution issues particularly in relation to
the skill and wage differences among household groups over the model horizon - a
policy issues of immense interest on its own. Unemployment can be very costly if it is
centred at certain groups of workers such as the low income households. Burden of
unemployment can be reduced by designing optimal set of policies under its disposal.
Unemployment above the natural rate however can harm economic growth and the
lower level of life time utility for all categories of households. First section of the
paper introduces the concepts of unemployment rate, wage rate and wage curve as
commonly found in the equilibrium unemployment and job search literature. A brief
description of general equilibrium structure of the economy used for this analysis is
given in section Il. Calibration and computation of model is presented in section Il

with discussion of results in section IV and conclusions and references in section V.



I1. Model of Equilibrium Unemployment (Vacancies, Job Search and Matching)

Economy includes N number of firms and H number workers/households. Numerous
profit maximising firms create vacancies for specific tasks and hire workers when
they find suitable candidates for their jobs following the market signals of demand
and relative prices of products and costs of inputs. Similarly there are many workers
seeking jobs that match their skills or many others who quit jobs and join the pool of
unemployed when those jobs are not suitable for them. Market specific positive or
negative idiosyncratic shocks cause such entries and exits in the labour market.
Unemployment and wage rates in equilibrium are result of the bargaining between
workers and firms. Whether the rate of unemployment falls or rises depends on
relative proportion of entry and exit into the labour market.

Matching and bargaining functions are the major elements of an equilibrium
unemployment model. Matching function aggregates vacancies and unemployment
with job creation as:

M=M(V,U)=vutr (1)
where M denotes the number of matching of vacancies and job seekers, V is number

of vacancies and U the number of unemployed, y is the parameter between zero and

one, which can be adjusted for prosperous period when there are more vacancies than
job seekers or in recession when there are more unemployed than vacancies, in steady
state it should be about 0.5 to reflect the balance between job creation and job
destruction. Job seekers and employers bargain over expected earnings by maximising
the Nash-product of the bargaining game over the difference between the earnings
from work (W) rather than being unemployed (U) and earnings to firms from filled

and vacant jobs.



(Wi -uU )ﬁ (’Ji _V)l_ﬂ (2)
Market imperfections in the labour market creates opportunity of gains from bargains
which is divided between firms and workers as indicated by parameter /£ that can
assume any value between zero and one, reflecting the relative strength of unions

(workers) over firms in such bargains. Symmetric solution of this satisfies joint profit

maximisation condition as:

W, -U)=p(3, +W, -V -U) A3)
A job search model is often explained using three simple equations (Pissarides (2000)
or Shimer (2005) ;work out of the optimisation process using a value function as
presented in the standard literature is presented in the appendix for reference to it):

1) Dynamics of unemployment depends on the rate of job destruction- ﬂ(l—u), and
the rate of job creation - &(6)u .

. o g
U=A(1-u)-a(@)uand in equilibrium u 7+ a0) (4)

where A is the rate of idiosyncratic shock of job destruction and @is the ratio of
vacancy to the unemployment and q(@) is the probability of filling a job with a
suitable candidate through the matching process explained in (4). As shown in
diagram 1 an upward sloping wage curve shows that a tighter labour market results in
higher wage rates. The downward sloping job creation curve shows the possibility of

job creation at lower wage rates and creation of fewer jobs at higher wage rates.
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Diagram 1: Equilibrium wage and market tightness
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2) Optimal job creation or (demand for labour curve) shows how firms balance the

marginal revenue product of labour to wage and hiring and firing costs.

pc
p-w—(r+1)—=0 ®)
q()
where p is the price of product, w the wage rate, and (r + ﬂ)% is the cost of hiring
q

and firing

Diagram 2: Beveridge and job creation curve
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u: unemployment rate

3) the wage curve shows positive links between the reservation wage (z) the price of

product p and costing of hiring (&)
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w, = 2(1- §)+ fp(1+6c) (6)

Derivation of these equations from value functions of employed and
unemployed workers and from occupied and non-occupied vacancies along with the
union-firm wage bargaining is presented in the appendix.

The major point of departure of this paper, from the equilibrium
unemployment model presented above, remains in evaluating how much these
features of equilibrium unemployment impact on the model economy. What are the
likely impacts of vacancies, redundancies and unemployment in the growth of output,
employment, relative prices and allocations of factors between private and public
sectors? How do they impact on the welfare of various categories of households?

The frictional unemployment literature suggests that some degree of
unemployment can make an economy more flexible and would allow the dynamic
process of adjustment smoother while the rigid and structural unemployment may
result in the lower level of output and living standards. How do they relate to
fundamental properties of preferences of households between consumption and
leisure as well as among various commodities? How much do they influence the
extent of flexibility of markets and tax transfer systems? How much they affect the
accumulation of capital, decisions regarding working and non-working and overall
process of growth of output and productivity? These questions can be evaluated using

a general equilibrium model in the next three sections.

I11. General Equilibrium Model with Unemployment

Unemployment is underutilisation of labour force available for production and
results in the loss of output to the economy and loss of utility to households. This is

not necessarily true. It cannot be stated definitely without considering the productivity

12



of existing workers. This is the reason why it is necessary to integrate the equilibrium
unemployment into the general equilibrium model for evaluating impacts of

equilibrium unemployment in the economy.
Household Preferences and Demand for Goods

Households receive utility from consumption of goods and leisure. Their
objective is to maximise lifetime utility against their life time budget constraints.
They receive income supplying labour and capital services to firm which pay them
according to the marginal productivity. Lower income households receive transfers

from the government which collects revenue by taxing high income households.
Max S gu(c!, L") (7)
t=0

subject to

0

SR+t )C! =S A-t, \wLS! +rl-t K +R") foremployed  (8)

t=0 t=0
i PA+t)C = i(r(l—tk )K" +R!") for unemployed )
t=0 t=0

A fraction of households are unemployed in each period as shown above in the
equilibrium unemployment model. Unemployed households do not contribute in
production but take non-labour income and transfer for their consumption. There is a
transition from employment to unemployment and from unemployment to
employment. This process is imposed exogenously in the model.
Production Technology and Supply of Goods

Firms in the economy have usual CES (Cobb-Douglas) production technology.

They hire workers and capital stocks from households. The objective of a firm in the

13



jth sector of the economy is to maximise the present value of profits subject to
production technology constraints. Sectoral profits are given by the differences
between the revenue from sales and the cost of production/supply. The unit revenue
function is a constant elasticity transformation (CET) composite of the unit price of
domestic sales and the unit price of exports. The unit costs are divided between value-
added, i.e. payments to labour and capital, and domestic and imported intermediate

inputs as in Bhattarai (2007):

oy -1 oy -1 1

M}, =[(@-57)PD,” +&PE ™™ —6;PY}, 6] Y a/P, 67 Y arPM,, (10)

where: 1], is the unit profit of activity in sector j; PE;, is the export price of good j
PD;, is the domestic price of good j; PY/, is the price of value added per unit of

output in activity j; oy is a transformation elasticity parameter ; P,

it

is the price of

final goods used as intermediate goods; &7 is the share parameter for exports in total
production; " is the share of costs paid to labour and capital; ¢¢ is the cost

share of domestic intermediate inputs; ¢ is the cost share of imported intermediate
inputs; ai‘fj are input-output coefficients for domestic supply of intermediate

goods; a7, are input-output coefficients for imported supply of intermediate

goods. Their investment activities, which depend on sector specific profitability
conditions result in accumulation of sector specific capital net of depreciation. Greater
amount of capital enhances productivity of labour and raises the wage rate.

Trade arrangements
Economy is open. Exports and imports are guided by the ratio of domestic to
foreign prices and balanced over years. Trade takes place between the EU and the

ROW and given by the standard Armington functions.

o-mfl O_mifl O'm—l
Ay = ®[5ud Di,tom +6{"M i,tam J (11)
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where A;; is the Armington CES aggregate of domestic supplies Di; and import

supplies M, for each sector, & is the share of domestically produced goods, & is

the share of good i imports, o is the elasticity of substitution in the aggregate

supply function, and @ is the shift parameter of the aggregate supply function.

The value of exports balances to the value of imports .

ZPEi,tEi,t =ZPMi,tMi,t (12)

Drivers of the Dynamic in the Economy

Dynamics of the economy are driven by the accumulation of capital and
fluctuations in labour supply because of fluctuations in the supply of labour. Capital
stock evolves naturally with its initial and boundary conditions:
Kii ==K 1+ 1Ky =Ky Kip =(g +6)Kir (13)
Similarly there labour supply equations for each household with some transition
probability between employment and unemployment

LS +L! =L; L' =L,e" (14)
Labour supply of people who are unemployed equals zero. In aggregate the link

between employment, unemployment and the total labour force of the economy takes

the following form: E, +U, =>» L , where E,denotes the number of total employed,

H
h=1

H —

U, number of unemployed out of total labour force ZL{‘ . Both the unemployment
h=1

rate and labour supply converge to the steady state path in the long run.

Public sector

At every period government provides public services to households and pays for them

using taxes. Tax transfer system influences choices of households and creates

15



distortions in the system. Government provides public services - education, health,

security, law and order - to households. It is given by government consumption:
N
Gt = Z 9. (15)
i=1
It collects revenue from direct and indirect taxes as:
H H H
RV, = ZtVQWt LSth + ZtII( I Ki,t + Ztir?t pi,tcir,]t (16)
h=1 h=1 h=1

Revenue is balanced over the model horizon:

iet :i[th +iR[‘J (17)

t=1 h=1
Optimal level of public sector balances benefits and costs from the public sector

activities.

IV. SOLUTION PROCEDURE

Demand and supply functions for the applied model are derived for
heterogeneous households and firms in the economy solved numerically using relative
prices to link markets for goods and factors. All markets clear except the labour
market which is subject to unemployment restrictions. Model is benchmarked to the
reference path of the evolving economy with initial values aggregated from the 123
sector input output table of the UK from the ONS and solved using GAMS/MPSGE
software. Impact of unemployment into the general equilibrium can be modelled by
modifying the Walrassian demand for and supplies of labour. Unemployed part of the
total labour force does not contribute in production but receives transfers and capital
expenditure to pay for consumption. Results of the model with equilibrium

unemployment rate are compared to the full employment equilibrium model in order

16



to assess the cost of unemployment and benefits of unemployment reduction

programmes.

General Equilibrium

Relative prices of commaodities and factors of production keep adjusting until
the demand and supply balance. This model allows existence of unemployment in the
steady state. It is possible to analyse creation of endogenous vacancies and
redundancies within the model.

Model is computed for reference path of 80 years ahead. Theoretically a
general equilibrium in an economic system like this is described by a system of
T.n(n —1) relative prices that clear all goods and factor markets. It is stated in terms of
vectors of prices, demand and supply and excess demand functions for inputs and

outputs. Given the vector of prices pz(pl,p2,.,..,pj,..,.,..,pn), demand for

commodities are expressed in terms of  the price  vector

X4 =Xx9%p)= Xf(pl, Porerees Pjrenrrens pn) and supply functions defined similarly

J J

)(jS = ij(p): st(pl, Pgsres Pjrererens pn) and the excess demand functions reflect

the gap between demand and supply for each commodity E;(p)=X{(p)-X:(p)

]

for j = 12, ... n. Economy has n excess demand functions
E(p)=(E,(p) E,(P)rsesers E;(P)erers Eo (). The general equilibrium is a price
vector, p*, such that p” >0, E(p*)so if E(p*)<0 p” =0. The excess demand
functions are single valued continuous functions, bounded from below E(p)>b for

all p and it is homogenous of degree zero in all prices E(ap)= E(p) for all «; only

relative prices that satisfy the Walras’ law matter; p.E(p)=>"p,E(p)=0 for all
i=1

17



p>0. If the excess demand functions satisfy above properties then, the existence of

the general equilibrium is guaranteed by fixed point theorems. The fixed equilibrium

point is found by continuous transformation of the nonempty convex set onto itself

p— E(p*)—> p” . Given the properties of demand and supply functions equilibrium

is stable and unique.

V. ANALYSIS OF RESULTS

A multisectoral multi-household dynamic model of the economy looking 80
years forward generates massive information regarding equilibrium prices and
quantities of the economy. Equilibrium unemployment reduces amount of labour
supplied to the production process resulting in lower output, income and demand.

Higher unemployment reduces growth, investment and capital accumulation. In a
growing economy one would expect utility to be rising over time, U;' <U) <..<U) .

This is exactly what happens in the current model as shown by the levels of utilities of

households over the model horizon in Table 1.

Table 1: Ratios of utility of households under unemployment and full employment

Housholds 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
H1 0.993909 0.997225 0.998594 0.999517 1.000143 1.000537 1.000761 1.000869 1.000903 1.000893 1.00086 1.000817 1.000772 1.000731
H2 0.993874 0.997372 0.998705 0.999614 1.000236 1.000633 1.000866 1.000984 1.001029 1.00103 1.001006 1.000972 1.000935  1.0009
H3 0.993892 0.997359 0.998698 0.999609 1.000232 1.000629 1.00086 1.000976 1.001019 1.001018 1.000993 1.000958 1.000919 1.000883
H4 0.993889 0.997362  0.9987 0.99961 1.000233 1.00063 1.000861 1.000978 1.001022 1.001021 1.000996 1.000961 1.000923 1.000887
H5 0.993895 0.997356 0.998696 0.999607 1.000231 1.000627 1.000858 1.000974 1.001017 1.001015 1.00099 1.000954 1.000915 1.000879
H6 0.9939 0.997351 0.998693 0.999605 1.000228 1.000624 1.000854 1.00097 1.001012 1.00101 1.000984 1.000948 1.000909 1.000872
H7 0.993904 0.997343 0.998688 0.999601 1.000224 1.00062 1.00085 1.000965 1.001006 1.001004 1.000977 1.00094  1.0009 1.000863
H8 0.993897 0.997355 0.998695 0.999607 1.00023 1.000626 1.000857 1.000973 1.001015 1.001014 1.000988 1.000952 1.000913 1.000877
H9 0.993902 0.997347 0.99869 0.999603 1.000226 1.000623 1.000852 1.000968 1.00101 1.001007 1.000981 1.000944 1.000905 1.000868
H10 0.993881 0.997139  0.99852 0.999447 1.000075 1.000468 1.000689 1.000794 1.000824 1.000811 1.000774 1.000729 1.000682 1.000639

2065
1.000696
1.00087
1.000852
1.000856
1.000848
1.000841
1.000832
1.000846
1.000837
1.000602

2070
1.000668
1.000845
1.000827
1.000831
1.000823
1.000816
1.000806
1.000821
1.000811
1.000573

Utilities of households do not fall in underemployment equilibrium compared to full
employment equilibrium. Theoretically the labour supply patterns is unpredictable
because of the rise in income as it involves both income and substitution effects.

Model results show substitution effect to dominate the income effects as given in
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Table 2. Workers work more in response to higher relative prices. These results are

sensitive to the inter-temporal elasticity of substitution.

Table 2: Ratios of labour supply under unemployment and full employment

Housholds 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070
H1 1.008731 1.004539 1.003565 1.002841 1.002314 1.001943 1.001686 1.001513 1.001398 1.001324 1.001276 1.001246 1.001227 1.001215 1.001208 1.001203
H2 1.009771 1.004825 1.003635 1.002765 1.002143 1.00171 1.001415 1.00122 1.001093 1.001013 1.000963 1.000933 1.000915 1.000905 1.000899 1.000895
H3 1.009569 1.004764 1.003614 1.002772 1.002168 1.001746 1.001458 1.001267 1.001142 1.001063 1.001013 1.000983 1.000965 1.000955 1.000948 1.000944
H4 1.00961 1.004776 1.003618 1.002771 1.002162 1.001738 1.001449 1.001257 1.001132 1.001052 1.001003 1.000973 1.000955 1.000944 1.000938 1.000934
H5 1.00953 1.004752 1.003611 1.002774 1.002173 1.001753 1.001467 1.001277 1.001152 1.001073 1.001024 1.000994 1.000976 1.000965 1.000958 1.000954
H6 1.009466 1.004733 1.003605 1.002777 1.002182 1.001766 1.001482 1.001293 1.001169 1.00109 1.001041 1.001011 1.000993 1.000982 1.000975 1.000971
H7 1.009391 1.004712 1.003599 1.002781 1.002192 1.00178 1.001499 1.001312 1.001189 1.00111 1.001061 1.001031 1.001013 1.001002 1.000995 1.000991
H8 1.009509 1.004746 1.003609 1.002775 1.002176 1.001757 1.001472 1.001282 1.001158 1.001079 1.001029 1.000999 1.000981 1.00097 1.000964 1.00096
HI 1.00943 1.004723 1.003602 1.002779 1.002187 1.001773 1.00149 1.001302 1.001178  1.0011 1.001051 1.00102 1.001002 1.000992 1.000985 1.000981
H10 1.008471 1.004484 1.003568 1.002882 1.002382 1.002027 1.001782 1.001615 1.001504 1.001431 1.001384 1.001354 1.001335 1.001322 1.001315 1.001309

Impact of labour supply is felt in the level of consumption of the households.

Household consumptions rise over the model horizon.

Table 3: Ratios of personal consumption under unemployment and full employment

Housholds 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070
H1 0.996299 0.998687 1.00026 1.001271 1.001928 1.00231 1.002495 1.00255 1.002526 1.00246 1.002374 1.002285 1.002202 1.002129 1.002067 1.002019
H2 0.996989 0.999274 1.000868 1.001888 1.002548 1.002928 1.003108 1.003157 1.003127 1.003054 1.002963 1.002869 1.002781 1.002704 1.00264  1.00259
H3 0.996885 0.999187 1.000777 1.001796 1.002455 1.002836 1.003017 1.003067 1.003038 1.002966 1.002876 1.002783 1.002696 1.00262 1.002556 1.002506
H4 0.996907 0.999205 1.000796 1.001816 1.002475 1.002855 1.003036 1.003086 1.003057 1.002985 1.002894 1.002801 1.002714 1.002637 1.002574 1.002524
H5 0.996863 0.999169 1.000758 1.001777 1.002436 1.002816 1.002998 1.003048 1.003019 1.002947 1.002858 1.002765 1.002678 1.002602 1.002538 1.002488
H6 0.996827 0.999138 1.000727 1.001745 1.002404 1.002784 1.002966 1.003017 1.002988 1.002917 1.002827 1.002735 1.002648 1.002572 1.002509 1.002459
H7 0.996783 0.999101 1.000689 1.001706 1.002365 1.002745 1.002928 1.002979 1.00295 1.002879 1.00279 1.002698 1.002612 1.002536 1.002473 1.002423
H8 0.996852 0.999159 1.000748 1.001767 1.002426 1.002806 1.002988 1.003038 1.003009 1.002938 1.002848 1.002755 1.002668 1.002592 1.002529 1.002479
H9 0.996806 0.999121 1.000709 1.001727 1.002385 1.002766 1.002948 1.002999 1.00297 1.002899 1.00281 1.002717 1.002631 1.002555 1.002492 1.002442

H10 0.99604 0.998461 1.000027 1.001035 1.001691 1.002073 1.00226 1.002317 1.002295 1.00223 1.002147 1.002059 1.001977 1.001905 1.001845 1.001797

The pattern of consumption inequality persists over the model horizon in absence of

specific programmes that redistributes income from low income to higher income

households over the year.

Table 3: Index of consumption inequality under unemployment and full employment

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070

H1 0.0301 0.0311 0.0301 0.0311 0.0301 0.0310 0.0301 0.0310 0.0301 0.0310 0.0301 0.0310 0.0301 0.0310 0.0301 0.0310

H2 0.0557 0.0631 0.0557 0.0630 0.0557 0.0630 0.0557 0.0629 0.0557 0.0629 0.0557 0.0628 0.0557 0.0628 0.0557 0.0628
H3 0.1144 0.1275 0.1144 0.1275 0.1144 0.1274 0.1144 0.1273 0.1144 0.1272 0.1144 0.1272 0.1144 0.1271 0.1144 0.1271
H4 0.1733 0.1937 0.1733 0.1936 0.1733 0.1935 0.1733 0.1934 0.1733 0.1933 0.1733 0.1932 0.1733 0.1931 0.1733 0.1930
H5 0.2308 0.2564 0.2308 0.2562 0.2308 0.2560 0.2308 0.2559 0.2308 0.2558 0.2308 0.2556 0.2308 0.2555 0.2308 0.2554
H6 0.2973 0.3285 0.2973 0.3283 0.2973 0.3281 0.2973 0.3280 0.2973 0.3278 0.2973 0.3277 0.2973 0.3275 0.2973 0.3274
H7 0.3546 0.3894 0.3546 0.3892 0.3546 0.3890 0.3546 0.3888 0.3546 0.3886 0.3546 0.3884 0.3546 0.3883 0.3546 0.3881
H8 0.3809 0.4224 0.3809 0.4222 0.3809 0.4219 0.3809 0.4217 0.3809 0.4215 0.3809 0.4213 0.3809 0.4211 0.3809 0.4209
Ho 0.4585 0.5051 0.4585 0.5048 0.4585 0.5045 0.4585 0.5043 0.4585 0.5041 0.4585 0.5038 0.4585 0.5036 0.4585 0.5034
H10 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Consumption inequality does not decline unless specific policies are designed to

transfer resources between household categories.

Investment and capital stock also rise across sector.
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Table 6: Ratios of investment under unemployment and full employment

INVST- AGRIC
INVST- MIN
INVST- MANU
INVST-UTILS
INVST- CONST
INVST- DISTB
INVST- TRANS
INVST- BUSI
INVST-OTHSEC

1995
#DIV/0!
#DIV/0!
0.068929463
#DIV/0!
0.806080697
#DIV/0!
#DIV/O!
#DIV/O!
1.359234441

2000 2005 2010 2015 2020 2025 2030
1.022535 1.013965 1.007629 1.003637 1.001058 0.999362 0.998235
#DIV/O!  1.049218 1.043781 1.039573 1.036518 1.034369 1.03288

1.04255 1.032614 1.026502 1.022605 1.020065 1.018387 1.017268
1.048531 1.035731 1.02946 1.025217 1.022358 1.020433 1.019133
1.025175 1.015424 1.010397 1.007302 1.005309 1.003995 1.003118
1.028724 1.008641 0.998832 0.993477 0.990331 0.988394 0.987164
1.032614 1.020319 1.012809 1.008359 1.005598 1.003832 1.002679
1.041295 1.034582 1.02996 1.026784 1.024609 1.023124 1.022111
1172972 1.158506 1.152316 1.148659 1.146368 1.144883 1.143903

2035
0.99748
1.031855
1.016518
1.018254
1.002529
0.986366
1.001916
1.02142
1.14325

2040 2045
0.996969 0.996617
1.031147 1.030654
1.016011 1.015667
1.017655 1.017244
1.002132 1.001862

0.98584 0.985489
1.001403 1.001052
1.020946 1.020618
1.142814  1.142521

2050
0.99637
1.030304
1.015431
1.016955
1.001675
0.985249
1.000803
1.020384
1.142323

2055 2060 2065 2070
0.996185 0.996035 0.995896 0.995762
1.030048 1.029855 1.029707 1.029625
1.015265 1.015143 1.015051 1.014978
1.016745 1.016583 1.016448 1.01634

1.00154 1.001434 1.00134 1.001231
0.985078 0.984948 0.98484 0.984731
1.000614 1.000454 1.000298 1.000134
1.020208 1.020065 1.019936 1.019816
1.142186  1.142088 1.142014 1.141933

Table 7: Ratios of capital stock under unemployment and full employment

KSTCK- AGRIC
KSTCK- MIN
KSTCK- MANU
KSTCK- UTILS
KSTCK- CONST
KSTCK- DISTB
KSTCK- TRANS
KSTCK- BUSI
KSTCK-OTHSE!

1995

2000 2005 2010 2015 2020 2025 2030
1 0980878 0.98553 0.989187 0.99186 0.993718 0.994943 0.995706

1 1.006741 1.013154 1.018099 1.021769 1.024408 1.026252
1.000035 1.004757 1.008367 1.011008 1.012842 1.014049 1.014797
0.993735 1.000268 1.005179 1.008887 1.011573 1.013446 1.014706
0.997854 1.000051 1.0017 1.002778 1.003378 1.003617 1.003613
0.973774 0.978103 0.98123 0.983404 0.984805 0.985627 0.986042
0.988343 0.992553 0.995769 0.998059 0.999587 1.000535 1.001067
1.006843 1.010973 1.014206 1.016579 1.018226 1.019305 1.019967
1.138001 1.140773 1.142666 1.143854 1.14448 1.144698 1.144649

2035
0.996147
1.027511
1.015228
1.015524
1.003462
0.986192
1.001319
1.020339
1.144442

2040 2045
0.996375 0.996467
1.028349 1.028894
1.015447 1.015533
1.016034 1.016337
1.003235  1.00298
0.986178 0.986075
1.001394 1.001363
1.020519 1.020578
1.144158  1.14385

2050
0.996475
1.029237
1.015539
1.016503
1.002725
0.985929
1.001273
1.020564
1.143549

2055 2060 2065 2070
0.996435 0.996367 0.996282 0.996185
1.029442 1.029555 1.029606 1.029618

1.0155 1.015437 1.015365 1.01529
1.01658 1.016601 1.016584 1.016543
1.002488 1.002273 1.002083 1.001913
0.985767 0.985606 0.985454 0.985311
1.001155 1.001023 1.000886 1.000743
1.020509  1.02043 1.020339  1.02024
1.143274  1.14303 1.142818 1.142638

Table 8: Ratios of selected macro indicators under unemployment and full employment

LSUPPLYT
EMPLYMNTT
WAGEBILL
EXPORTT
IMPORTT
TRADEDEF
CAPIFLOW

199
100923633
100923633
099364675 0.
10170233 1
103515503 1
100018053 1

2000 2005 2010 015
1.0046766 1.00359729 1.00280198 1.00222863
10046766 1.00359729 1.00280198 100222864
98454307 0.98227197  0.980614 (0.97942085
02037017 102374935 1.02586964 1.02744619
04303551 1.05102891 105628713 1.06029829
00031473 1.00038636 1.00042861 100045948

(.9848076  0.9839236 (0.98397514 098389613 (0.98304408

2020 202 2030
10018266 1.00155148 1.00136733
10018266 1.00155148 100136733
0.97859405 0.97804127 0.97768476
102860384 1.02944506 10300512
106330346 1.0655219 106714049
100048301 1.00050151 100051629
0.98408904 0.98429428 0.98452687

203
100124661
100124661
097746367
103048513
106831105
100052616
0.98476201

2040
1.00116909
100116908
097733288
103079443
1.06915258
100063768
(.98498359

2045

2060

2055 2060

100112031 1.00109022 1.00107191 1.00106078
100112031 1.00109022 1.00107191 100106078
097726022 09772235 0.97720774 097720317
103101457 103117192 1.03128622 103137293
1.06975625 1.07019112 1.07050995 1.07075471
10005453 1.0005t4 1.00055631 1.00056034
(.98518283 0.98535639  0.9855047 0.98563071

2065 210
100105386 1.00104958
100105386 1.00104958
0.97720367 0.97720601
103144535 1.03151698
107096227 1.07117076
100056378 1.00056695
0.98573926 0.98583709

Above results are representative samples of larger general equilibrium models and

number may vary according to the underlying intra-temporal and inter-temporal

elasticities of substitution. Despite this the results seem to suggest that a lower rate of

equilibrium unemployment does not necessarily reduce the growth prospects of the

economy.

V1. CONCLUSION

A general equilibrium model is developed to evaluate the cost of unemployment in an

economy. Results of model with equilibrium unemployment are compared to the full

employment equilibrium model in order to assess the cost of unemployment and
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benefits of unemployment reduction programmes. Analysis of impacts of tax reforms
in the multi-household multi-sectoral general equilibrium model with unemployment
shows that such unemployment is not necessarily growth retarding in the long run
when economy runs through the dynamic adjustment process. Lower labour supply
raises wage rates, labour supply, consumption and saving by households. It raises
investment, capital accumulation and production by firms. In the base as usual
scenario the inequality of income and consumption persists over periods unless policy

measures are taken to reduce such inequality.
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Appendix
Derivations of the search model

The starting point of the equilibrium unemployment model, as presented in Pissarides

(2000), is parameter @ which is the ratio of vacancy to job seeking workersd =%.

The probability filling a vacancy is given then by f (@) and not filling it by 1— f(6).
In each period the probability of finding a job by an unemployed worker is Hf(@)ét
and the not finding isl—Hf(é’)ét; job creation occurs when matching takes place
between firms with vacancies and workers seeking the job. With labour force L and
the unemployment rate u, the number of workers who enter unemployment is

A(l—u)L& . There is a balance between job creation, mL&t =uég(@)Lét and job
destruction, A(L—u)L&t in the steady state. The terméy(@) measures the transition

probability from unemployed to employed. Normalising L to 1 the dynamics of
unemployment is explained by transition dynamics between the job destruction and

job creation U=A(1-u)-a(@uand in equilibrium, U=—2 . Thus the

A+a(0)
equilibrium unemployment rate is determined by the parameters of employment
shocks and the probability of job finding ratio.

Pissarides (2000) brings returns on vacancy and occupancy of jobs, expected income
of being unemployed and employed in determining the demand and supply functions
of labour instead of marginal productivity theory of labour and utility maximising
behaviour of labour supply. Return from vacancy is measured by

rv =—pc+q(@)(J —V) where V denotes the value of vacancy and J the expected

value for occupied jobs, pc the cost of vacancy. In equilibrium V = 0 and

thus J :ﬁ.

q(0)
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Similarly the returns from an occupied job is given by rJ = p—w—4J ,where a job
generates revenue p against the cost of wage rate w and loss due to the stochastic job
termination AJ, A being the ratio of idiosyncratic shocks. Thus the optimal

condition for employment is given by equality between price of the product, wage rate

and the hiring cost of the job, p—w—(r + /1)ﬁ =0

qo)
Price of a product should cover wage payment and the expected hiring costs. Firms
take price and interest rate as given in the market, parameters A and 6 are set
exogenously. Value of unemployment and wage rate rU =z+@q(@)W -U) or
rU +a(@J =z+ay(@W . Return for employed worker is rW =w+ (U -W) or

w A

(r+AW =w+AU or W:(r+;t)+(r+/1)u' Putting this in unemployment
equation

rU +&(o) = z+6q(9){(r i"l)+ (rfi)u}: z+6q(6?)(r fi)wq(e)(rfi)u

U~ 8(0) U+ (O =2 e(0)

rU(r+21)-a(0)AU + @@ (r+ 1) = z(r + 1)+ &q(0)w
rU[(r+2)+a(8)]= z(r + 1)+ q(@)w

U - 2(r+ 1)+ &(@)w

' r+A+ey(6)

Similarly (r + AW =w+ AU or (r + AW :W+%{Z(:ii)jgg))w}

- _wr(r+ 2+ 6(0)+ Az(r + 2)+ &(0)w) or _wr+ (0w + 2z
(e am r(r+2+6(0)) [ )

Wage bargaining between firms and workers
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rJ,=p-w,-AJ, or J, =

r+A4
W, =w, — AW, ~U)orw, = Wy
r+414 r+A4

Nash-product of the bargaining game (W, —U )’ (J, -U )"’
Symmetric solution of this satisfies value maximisation jointly by firms and workers

W, -U)= (3, +W, -V -U) with V =0 W,(1-8)= 43, +(1- S
[W‘ - U}@—ﬂ#ﬂﬁlv/{‘}@—ﬂﬁ

r+4 r+A4

W (1= p)+(1-B)AU = f(p—w )+ (1~ B)r+ AN
w,(1-8)=B(p-w)+@1-B)ru
w, = fp+(1-B)rU or w, = Bp+(1-B)Nz+a(0)w, -U))

_U)= “v_u) W -u="B_3 w-_u)=_~B__Pc
From (W, -U)=(J, +W, -V -U); (W, -U) 1_ﬁJi,(wi U) I 5490
Therefore
W, =ﬂp+(1—ﬂ{z+&(9)£%} or w. = fp+z(l— B)+ Sopc

w, = z(1- B)+ Bp(L+ &)
Thus wage rate includes reservation wage (z) and average hiring costs éoc . Putting the

wage curve in job creation curve

W _pc _ (1R _ _pc _
p—w (r”’)q(e) 0 or p-z(1-4)- fo(l+ ) (r+/1)q(0) 0
B P4+ p6(0) _
1-p)Xp-2) 0" 0

This analysis is based on constant labour supply assumption though could be extended
to a growing economy. Adding sectoral and structural features of the economy makes

equilibrium unemployment theory even closer to the real economy as presented in this

paper.

26



